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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 reflo9ding 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 factor -- 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 liquid 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 liquid, 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 liquid 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, ( 2 ) 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

model 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

bundle(3) 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.(4) 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 (SEASE7) Program Plan,. NRC/EPRl/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.
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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. All the valid data are available from the NRC Data Bank.

OOOX:1/081283 1-2



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,

lOCFR5O.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. When

calculating the flow redistribution due to flow blockage, PWR vendors used

multichannel codes to obtain the blocked channel flow.

Simpler models developed by Gambill 1(1 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. Gambill, 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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proprietary THINC-IV(2) computer runs and correlated into a simple ex-

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.

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 (I in./sec), the un-

blocked FLECHI heat transfer data are used.

A review of flow blockage literature (12,3,4) 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., NEstimate 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,N BNWL-1771, September 1973.

4. Hall, P. C., and Duffey, R. B., mA Method of Calculating the Effect
of Clad Ballooning on Loss-of-Coolant Accident Temperature
Transients," Nucl. Scd. Eng. 58, 1-20 (1915).
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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 liquid 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
slip, 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:

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

0 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{l) and Japan's SCTF tests.(2)

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-l 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 is 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-

ically 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.

0 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

0 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 disintegration may enhance heat transfer in the

blocked zone. Therefore, it is 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 facility 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,O 1 ) 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 assembl4es.
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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
1OCFR50.46 and shown in figure 2-1.

o The initial rod clad temperature is primarily dependent on the
full-power linear heating rate at the time of the accident and
the subsequent cooling during the blowdown phase. Typical cal-
culations yield an initial clad temperature in the hot assembly
of 8710C (16000F) at core recovery.
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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

(1600-F)

Peak power

(0.7 kw/ft)

Upper plenum pressure

(40 psia)

Flooding rate:

o Constant

o Variable in steps

0 Continuously

variable

Injection rate (gravity

reflood) - variable in steps

Coolant AT subcooling

(140-F)

871°C

(500-F - 1600-F)

2.3 kw/m

(0.4 - 1.0 kw/ft)

0.28 MPa

(20 - 60 psia)

260C 871oC

1.31 - 3.3 kw/m

0.14 - 0.42 MPa

25

(1

mm/sec

in./sec)

15 -

(0.6

152 mm/sec

- 6 in./sec)

152 to 20 mm/sec

(6.0 to 0.8 in./sec)

36 to 17 mm/sec

(1.4 to 0.65 In./sec)

5.80 to 0.785 kg/sec

(12.8 to 1.73 lb/sec)

80C _ 780C78*C

(15-F - 140-F)
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2-8. TEST MATRIX

The original test matrix as developed in the task plan(1) 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 (20000F)], 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 low 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

r~3

Rod Peak Flooding
Pressure Clad Initial Power Rate High- Inlet Fluid 161-Rod

Test [MPa Temperature [kw/m [mm/sec Speed Temperature Bundle Rep-
No. (psIa)] [C (-F)] (kw/ft)] (in./sec)] Movies [°C (OF)] licate Test Parameter

01 0.28 263 2.3 38.6 Yes 52.2 30518 Initial 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 0.28 871 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 31701
(40) (1625) (0.70) (6.2) (127)

05 0.27 871 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

Matr 1 x
No.

09

10

11

Pressure
[MPa

(psia)]

0.14
(20)

0.134
(19.5)

0.137
(19.9)

0.411
(59.6)

Clad Initial
Temperature

[°C (°F)]

Rod Peak
Power
[kw/m

(kw/ft)]

Flooding
Rate

[mm/sec
(in./sec)]

High-
Speed
Movies

Inlet Fluid
Temperature

[°C (OF)]

161 -Rod
Bundle Rep-
licate Test Parameter

-4 ~4--- 4 -4 4 4

877
(1610)

871
(1600)

271
(1600)

874
(1605)

2.4
(0.72)

1.38
(0.422)

1.3
(0.40)

2.3
(0.70)

26.9
(1.06)

17
(0.65)

28 (1.1)
for 30sec
26.9 (1.06)
onward
25 (0.98)
for 120 sec
26 (1.04)
onward

Yes

No

No

Yes

34
(93)

33
(92)

34

(93)

66.7
(152)

34209

34711

31922

32013

Pressure
effect

r•I 12

13 0.28 871 3.28 38 Yes 54.4 34524 Peak
(40) (1600) (1.00) (1.5) (130) power effect

14 0.273 877 1.3 38.6 No 52.2 31021
(39.6) (1610) (0.40) (1.52) (126)

15 0.277
(40.2)

877
(1610)

2.3
(0.70)

25 (0.98)
for 60 sec
27.4 (1.08)
for 140 sec
30.0 (1.18)
onward

Yes 122.2
(252)

32114 Subcooling
effect
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TABLE 2-3 (cont)
163-ROD BLOCKED BUNDLE TEST MATRIX

LT1

Rod Peak Flooding
Pressure Clad Initial Power Rate High- Inlet Fluid 161-Rod

Matrix [MPa Temperature [kw/m [mm/sec Speed Temperature Bundle Rep-
No. (psia)] [°C (OF)] (kw/ft)] (in./sec)] Movies [(C (OF)] licate Test Parameter

16 0.277 877 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
lb/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 31 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 'lips,' are simulated. The initial testing plans for

the 21-rod bundle had included a configuration with burst lips, but the burst

lips 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 EPR], 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.( 1 } 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. H. 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-

lieved 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, it is 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 reviewed. 1 )

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 8306C (15296F) and in a mixed phase of alpha and beta

types between 8306C and 9706C (1529°F and 1779°F). Above 9g0oC (177g9F),

?ircaloy 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 irregularities 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. 3., et al., 4PWR 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 is, 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-

tailed explanations of the choices are given in the 21-rod bundle flow

blockage task plan. 10

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 variations.0(2)

1. Hochreiter, L. E., et al., NPWR 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| 1 ) 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. (2)

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 refill 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 life, type of break, material strength uncer-

tainties, and the like. 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 is 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 is 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. 73-77.

2. Wiehr, K., et al., "Fuel Rod Behavior in the Refill and Flooding Phase of
a Loss-of-Coolant Accident,N CONF-771252-5, December 1977.
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Here T and pi are the standard deviation of local temperature and

mean temperature at the i-th increment, respectively. It can be seen that

these two characteristics (a.T and pi) 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:

Tlocal = 'local * Tlocal

where Tlocal and Tlocal are the mean and variation 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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o 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 T and pi.

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 (i-th) is then

selected at random. Since it is known from the above calculation that Ni

rods have bursts at this increment, Ni rods are selected at random. Each of

these selected rods has a sleeve on the i-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.0 1

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. Westinghouse received relevant information to

1. Hochreiter, L. E., et al., OPWR 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 & Wilcox{1) calculated an axial temperature

distribution for its plant (15 x 15 fuel) for a 0.794 m 2 (8.55 ft 2 )

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(2) analyzed its 16 x 16 fuel

assembly for a worst-case temperature distribution using LOCA licensing anal-

ysis codes and input data. Exxon(3) also used its WREN 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 available 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 plan.(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 variation, such as enrichment (negligible), in-

itial density, 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-

ies 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, 1978.

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 N. 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/Westinghouse-5, March 1980.
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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).

Of 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 0 F) at the time of blowdown, or

6.70C (120F) 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 6.70C (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 methods 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:
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TABLE 3-1

MEAN TEMPERATURE DISTRIBUTION

Axial Height Temperature Axial Height Temperature

[m(in.)] [OC(°F)] [m(in.)] [°C(°F)]

1.51 (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 (1712)

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 bundle has only one symmetry line 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.

o Lateral 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 plan:.)

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 bundle 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 is 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

Data from Westinghouse multirod burst tests(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

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

either adjacent subchannel or rods. It was proposed that bursts be restricted

to occur only toward adjacent subchannels for the following reasons:

o Blockage tests were not intended to investigate detailed 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 it 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

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

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

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., OPWR 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-

ically for conducting flow blockage tests following the 21-rod bundle flow

blockage test program.|1) A new test facility was required since the facil-

ity previously utilized for the 161-rod unblocked bundle tests(2) 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:

o 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 liquid collection system

o A downcomer and crossover leg

All 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., NPWR FLECHI SEASET 21-Rod Bundle Flow Blockage
Task: Data and Analysis Report,* NRC/EPRI/Westinghouse-11, September 1982.

2. Loftus, N. J., et al., OPWR 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-

3ection. 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 mn3 (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

line. Orifice plate flowmeters were used for redundant flow measurement.

Test section pressure was established initially by a steam boiler connected to

the upper plenum of the test section. During the reflood test run, the boiler

was isolated from the system and pressure was maintained by a pneumatically

operated control valve located in the exhaust line. 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 liquid 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 detailed 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 into the downcomer
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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 liquid 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-l), 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

O-ring seals over the rods. The thermophysical properties of the heater rod

materials are listed in table 4-1.
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TABLE 4-1
THERMOPHYSICAL PROPERTIES OF HEATER ROD MATERIALS

Thermal
Rensity Specific Heat Conductivity

Material [kg/mr (lbm/ft 3 )j (3/kg-*C (Btu/lbm-°F)] [W/mý-C (Btu/hr-ft-OF)]

Kanthal 2898.70 456.36 +0.45674 T
(180.96) for T < 649"C

(0.109 + 0.000059 T
for T < 12000F)

4161.68 - 3.843 T 16.784 + 0.0134 T
for 6490C < T < 1871C (9.7 + 0.0043 T)

(0.994 - 0.00051 T
for 12000F < T < 16006F)

664.86 + 0.0904 T
for T > 8711C

(0.1588 + 0.000012 T
for T > 1600*F)

Boron 2212.15 2017.14 - 1396.26 8-0.00245 T 25.571 - 0.00216 T
nitride (138.1) [0.48193-0.33492 e-O0013611 T (14.7778 - 0.0008889 T)

Stainless 8025.25 443.8 + 0.2888 T 14.535 + 0.01308 T
(501.0) for T < 315*C (8.4 + 0.0042 T)

(0.106 + 3.833 x 10-5 T
for T < 599.250F)

484.4 + 0.1668 T
for T > 315*C

(0.1157 + 2.2143 x 10-5 T
for T > 599.25F)
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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 [4506C (8426F) 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.1) 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 failures 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 isolation

resistance, which was most likely 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 shoýn 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 161f--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 theýthlmble 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. 1 ) 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

4-10



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 slide over it.

Figure 4-4 shows the blockage sleeves attached to the heater rods.

4-7. Test Section

The low 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 5.1 mm (0.20 in.) wall, constructed of 304 stainless steel rated for 0.41

HPa (60 psi) at 8150C (15006F). 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 2606C (5000F); this prevented formation of a liquid film 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
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TABLE 4-2

163-ROD BUNDLE FLOW AREA

INominal
Elevation
fm (in.)]

Actual
Elevation

[m (in.)]

0-0 30 (0-12)

0.30-0.61 (12-24)

0.61-0.91 (24-36)

0.91-1.22 (36-48)

1.22-1.52 (48-60)

1.52-1.83 (60-72)

1.83-2.13 (72-84)

2.13-2.44 (84-96)

2.44-2.74 (96-108)

2.74-3.05 (108-120)

3.05-3.35 (120-132)

3.35-3.57 (132-140.4)

0.038 (1.5)

0.599 (23.6)

0.904 (35.6)

1.21 (47.6)

1.52 (59.7)

1.82 (71;6)

2.12 (83.6)

2.43 (95.6)

2.733 (107.6)

3.035 (119.5)

3.343 (131.6)

3.564 (140.3)

4480

5000

5050

4922

4933

4835

4650

4927

4860

4855

4690

3456

0.01534

0.01627

0.01657

0.01615

0.01605

0.01599

0.01525

0.01616

0.01594

0.01606

0.01526

0.01564

(23.77)

(25.21)

(25.68)

(25.03)

(24.88)

(24.79)

(23.64)

(25.05)

(24.71)

(24.89)

(23.65)

(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 m 2 (24.6 in. 2 ) to the upper plenum cross-sectional area of 0.274

m 2 (424 in. 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 liquid 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 water

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-

ized 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 mi3 (7.8 ft 3 ). 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 m3 (0.36 ft 3).

4-10. Exhaust Line

Test section effluent discharged to the atmosphere through the exhaust line

piping. A 0.13 m (5 in.) diameter flanged nozzle penetration on the upper

plenum provided the attachment point for the exhaust line 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 liquid carryout separa-

tion and minimize liquid 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 line 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 accomplished 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"5 to 3.8 X 10-3 m3 /sec (0.6 to 60 gal/min) for

forced flooding tests, and one whose range was 9.5 X 10-5 to 9.5 X 10-3

m3 /sec (1.5 to 150 gal/min) for gravity reflood tests. A 1.27 X 10-2

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 lb/hr) at 1006C (212°F). The boiler was

used to pressurize the facility and pretest facility heatup. This was accomp-

lished 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 line 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 facility: 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 loop) 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
7600 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
(HASBAL.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 COAS.

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 primarily 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 lines to ambient

could be clospd. 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 (millivolts) 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 conversion 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 in the vessels, bundle pressure drops, and pressure drops across

orifice sections and other system components.

Standard thermocouple calibration table entries and the corresponding coef-

ficients were used to compute the temperature values. All other channel cali-

bration files were straight-line interpolations of calibration data. The

slope, intercept, and zero for the least-squares fit of a straight line 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 line (channel 536), the exhaust line (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 line 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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TABLE 4-3

BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

1 BUNDLE HEATER ROD TEMPERATURE HR-T/C 12.00 5J
2 BUNDLE HEATER ROD TEMPERATURE HR-T/C 12.00 7B
3 BUNDLE HEATER ROD TEMPERATURE HR-T/C 12.00 9G
4 BUNDLE HEATER ROD TEMPERATURE HR-T/C 24.00 3J
5 BUNDLE HEATER ROD TEMPERATURE HR-T/C 24.00 7B
6 BUNDLE HEATER ROD TEMPERATURE HR-T/C 24.00 1OH
7 BUNDLE HEATER ROD TEMPERATURE HR-T/C 39.00 4J
8 BUNDLE HEATER ROD TEMPERATURE HR-T/C 39.00 9C
9 BUNDLE HEATER ROD TEMPERATURE HR-T/C 39.00 9G

10 BUNDLE HEATER ROD TEMPERATURE HR-T/C 39.00 12F
11 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 3J
12 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 7H
13 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 8K
14 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 8N
15 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 9L
16 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 6E
17 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 12D
18 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 3H
19 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 4J
20 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 5E
21 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 7G
22 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 8D
23 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 8K
24 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 9G
25 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 lli
26 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 12F
27 BUNDLE HEATER ROD TEMPERATURE HR-T/C 60.00 12L
28 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 21
29 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 3H
30 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 3J
31 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 3K
32 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 43
33 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 5E
34 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 5F
35 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 5H
36 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 5H
37 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 51
38 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 5M
39 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 6D
40 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 7B
41 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 7D
42 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 7G
43 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 7K
44 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 8E
45 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 8G
46 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 9G
47 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 9K
48 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 111
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TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

49 BUNDLE HEATER ROD TEMPERATURE HR-T/C 67.00 ilK
50 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 6J
51 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 9F
52 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 9H
53 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 12F
54 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 53
55 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 11J
56 BUNDLE HEATER ROD TEMPERATURE HR-T/C 69.00 13H
57 BUNDLE HEATER ROD TEMPERATURE HR-T/C 70.00 3K
58 BUNDLE HEATER ROD TEMPERATURE HR-T/C 70.00 6L
59 BUNDLE HEATER ROD TEMPERATURE HR-T/C 70.00 7G
60 BUNDLE HEATER ROD TEMPERATURE HR-T/C 70.00 l1C
61 BUNDLE HEATER ROD TEMPERATURE HR-T/C 70.00 13G
62 BUNDLE HEATER ROD TEMPERATURE HR-T/C 71.00 7F
63 BUNDLE HEATER ROD TEMPERATURE HR-T/C 71.00 10J
64 BUNDLE HEATER ROD TEMPERATURE HR-T/C 71.00 4G
65 BUNDLE HEATER ROD TEMPERATURE HR-T/C 71.00 11C
66 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 7M
67 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 21
68 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 3H
69 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 33
70 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 5D
71 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 5H
72 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 51
73 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 5M
74 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 63
75 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 6L
76 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 9D
77 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 9K
78 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 9M
79 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 101
80 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 l1E
81 BUNDLE HEATER ROD TEMPERATURE HR-T/C 72.00 12L
82 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 5L
83 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 7B
84 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 7D
85 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 8K
86 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 8N
87 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 11F
88 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 3K
89 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 4J
90 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 7K
91 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 9D
92 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 12D
93 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 4G
94 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 l1C
95 BUNDLE HEATER ROD TEMPERATURE HR-T/C 73.00 11J
96 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 7m
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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 3J
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 9E
106 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 9J
107 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 1IE
108 BUNDLE HEATER ROD TEMPERATURE HR-T/C 74.00 13G
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 9C
113 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75,00 11F
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 4J
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 8J
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 9M
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 lC
128 BUNDLE HEATER ROD TEMPERATURE HR-T/C 75.00 11J
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 21
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 5J
141 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 6J
142 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 8J
143 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 9D
144 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 l1E
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TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

145 BUNDLE HEATER ROD TEMPERATURE HR-T/C 76.00 13G
146 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 6L
147 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 7D
148 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 8E
149 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 8H
150 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9C
151 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9K
152 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 11G
153 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 121
154 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 31
155 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 5D
156 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 5H
157 BUNDLE HEATER ROD TEMPERATURE HR-T/C 48.00 8E
158 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 6G
159 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 6H
160 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 7H
161 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 8D
162 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 8J
163 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9D
164 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9E
165 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9J
166 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 9M
167 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 4G
168 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 6D
169 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 l1C
170 BUNDLE HEATER ROD TEMPERATURE HR-T/C 77.00 11J
171 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 7M
172 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9H
173 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 11F
174 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 8H
175 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 8N
176 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9F
177 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9K
178 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 10H
179 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 11H
180 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 121
181 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 21
182 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 3H
183 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 3K
184 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 5D
185 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 5E
186 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 5F
187 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 61
188 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 6L
189 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 7E
190 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 7H
191 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 7K
192 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 83
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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 9E
195 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 93
196 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 9L
197 BUNDLE HEATER ROD TEMPERATURE HR-T/C 78.00 1lK
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 11J
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 BG
206 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 SK
207 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9C
208 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9F
209 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9G
210 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 9K
211 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 1OH
212 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 lIG
213 BUNDLE HEATER ROD TEMPERATURE HR-T/C 79.00 11H
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 l1C
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 lilE
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 21
231 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 3H
232 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 3J
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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,- TABLE 4-3 (cont)
BUNDLE INSTRUMENTATION LOCATIONS AND COMPUTER CHANNELS

241 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 9D
242 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 9E
243 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 93
244 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 9M
245 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 101
246 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 IlK
247 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 12L
248 BUNDLE HEATER ROD TEMPERATURE HR-T/C 80.00 13H
249 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 5E
250 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 5L
251 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 6L
252 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 7D
253 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 7F
254 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 8G
255 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 8N
256 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 10J
257 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 11G
258 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 ill
259 BUNDLE HEATER ROD TEMPERATURE HR-T/C 81.00 121
260 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 9H
261 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 4G
262 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 4J
263 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 5M
264 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 7E
265 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 7G
266 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 7K
267 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 9L
268 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 liE
269 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 121
270 BUNDLE HEATER ROD TEMPERATURE HR-T/C 84.00 13G
271 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 7D
272 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 8G
273 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9C
274 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 10H
275 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 11J
276 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 21
277 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 3H
278 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 5E
279 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 5F
280 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 51
281 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 6D
282 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 6H
283 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 7F
284 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 7H
285 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 8N
286 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9E
287 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9F
288 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9H
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289 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9J

290 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 9M

291 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 10f

292 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 10J

293 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 11C

294 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 11G

295 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 3H

296 BUNDLE HEATER ROD TEMPERATURE HR-T/C 86.00 3H

297 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 21

298 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 3H

299 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 3K

300 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 4G

301 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 4J

302 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 5F

303 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 51

304 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 6D

305 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 6E

306 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 6G

307 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 6H

308 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 6J

309 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 7D

310 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 7E

311 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 7F

312 BUNDLE HEATER ROD. TEMPERATURE HR-T/C 90.00 7G

313 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 7K

314 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 BE

315 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 8G

316 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 8J

317 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9C

318 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9E

319 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9G

320 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9H

321 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9J

322 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 9K

323 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 10H

324 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 10J

325 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 l1E

326 BUNDLE HEATER ROD TEMPERATURE HR-T/C -90.00 11F

327 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 11G

328 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 11H

329 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 111

330 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 12D

331 BUNDLE HEATER ROD TEMPERATURE HR-T/C 90.00 121

332 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 3K

333 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 4G

334 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 5D

335 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 5F

336 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 51
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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 71
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 93
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 10J
360 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 1iC
361 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 11F
362 BUNDLE HEATER ROD TEMPERATURE HR-T/C 96.00 11J
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 5J
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 8J
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 4J
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 BE
387 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 SH
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 9G
393 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 9J
394 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 11F
395 BUNDLE HEATER ROD TEMPERATURE HR-T/C 111.00 i11
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 13G
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 5J
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 7G
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 BE
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 9F
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 11G
425 BUNDLE HEATER. ROD TEMPERATURE HR-T/C 120.00 11H
426 BUNDLE HEATER ROD TEMPERATURE HR-T/C 120.00 IlK
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 liE
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433 BUNDLE
434 BUNDLE
435 BUNDLE
436 BUNDLE
437 BUNDLE
438 BUNDLE
439 BUNDLE
440 BUNDLE
441 BUNDLE
442 BUNDLE
443 BUNDLE
444 BUNDLE

445 BUNDLE
446 BUNDLE
447 BUNDLE
448 BUNDLE
449 BUNDLE
450 BUNDLE
451 BUNDLE
452 BUNDLE
453 BUNDLE
454 BUNDLE
455 BUNDLE
456 BUNDLE
457 BUNDLE
458 BUNDLE
459 BUNDLE
460 BUNDLE
461 BUNDLE
462 BUNDLE
463 BUNDLE
464 BUNDLE
465 BUNDLE
466 BUNDLE
467 BUNDLE
468 BUNDLE
469 BUNDLE
470 BUNDLE
471 BUNDLE
472 BUNDLE
473 BUNDLE
474 BUNDLE
475 BUNDLE
476 BUNDLE
477 BUNDLE
478 BUNDLE
479 BUNDLE
480 BUNDLE

HEATER ROD
HEATER ROD
HEATER ROD
HEATER ROD
HEATER ROD
HEATER ROD
HEATER ROD
HEATER ROD
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
ASPIRATING
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID
BARE FLUID

STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM
STEAM

STEAM

S T E.AM

PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE
PROBE

VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR
VAPOR

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

ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C
ASP-T/C

BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
BF-T/C
SP-T/C
SP-T/C
SP-T/C
SP-T/C
SP-T/C
BF-T/C
SP-T/C
SP-T/C
SP-T/C
SP-T/C

132.00
132.00
132.00
138.00
138.00
138.00
138.00
138.00
39.00
48.00
60.00
72.00
72.00
78.00
78.00
90.00
90.00
96.00
96.00
111.00
111.00
120.00
120.00
132.00
138.00
58.00
58.00
58.00
58.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
78.00
96.00
96.00
96.00
96.00
96.00
96.00

120.00
120.00
120.00
120.00
120.00

1IG
IliI

11K
51
7B
8J
9F

12F
1OC
13F

41
71
1OL

7L
4F
7C

131
4F

IOL
71

IOF
7C

131
1OF

5K
L/M
.J/K
F/G
H/I
L/M
H/I
J/K
F/G
I/i

H/I
G/H
J/K
J/K
L/M

H/I
J/K
I/i

H/I
H/I
J/K
L/M
J/K
1/J

STEAM PROBE
STEAM PROBE
STEAM PROBE
STEAM PROBE
STEAM PROBE
BAPE FLUID
STEAM PROBE
STEAM PROBE
STEAM PROBE
STEAM PROBE
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481 BUNDLE STEAM PROBE
482 BUNDLE THIMBLE
483 BUNDLE THIMBLE
484 BUNDLE THIMBLE
485 BUNDLE THIMBLE
486 BUNDLE THIMBLE
487 BUNDLE THIMBLE
488 BUNDLE THIMBLE
489 BUNDLE THIMBLE
490 BUNDLE THIMBLE
491 BUNDLE THIMBLE
492 BUNDLE THIMBLE
493 BUNDLE THIMBLE
494 BUNDLE THIMBLE
495 BUNDLE THIMBLE
496 BUNDLE THIMBLE
497 BUNDLE THIMBLE
498 BUNDLE THIMBLE
499 BUNDLE THIMBLE
500 BUNDLE THIMBLE
501 BUNDLE THIMBLE
502 BUNDLE THIMBLE
503 HOUSING
504 HOUSING
505 HOUSING
506 HOUSING
507 HOUSING
508 HOUSING
509 HOUSING
510 HOUSING
511 HOUSING
512 HOUSING INSULATION
513 HOUSING INSULATION
514 HOUSING INSULATION
515 UPPER PLENUM
516 UPPER PLENUM HOUSING EXTENSION
517 UPPER PLENUM STEAM PROBE
518 UPPER PLENUM
519 UPPER PLENUM
520 UPPER PLENUM
521 LOWER PLENUM
522 CARRYOVER TANK
523 CARRYOVER TANK
524 SEPARATOR DRAIN TANK
525 SEPARATOR DRAIN TANK
526 SEPARATOR
527 SEPARATOR
528 UPPER PLENUM/SEPARATOR STEAM FROBE

VAPOR
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL
WALL

FLUID
FLUID
VAPOR

WALL
WALL
WALL

FLUID
FLUID

WALL
FLUID

WALL
FLUID

WALL
UPOR

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

SP-T/C 120.00
TH-T/C 48.00
TH-T/C 48.00
TH-T/C 60.00
TH-T/C 72.00
TH-T/C 72.00
TH-T/C 72.00
TH-T/C 78.00
TH-T/C 78.00
TH-T/C 78.00
TH-T/C 90.00
TH-T/C 90.00
TH-T/C 90.00
TH-T/C 96.00
TH-T/C 96.00
TH-T/C 96.00
TH-T/C 111.00
TH-T/C 111.00
TH-T/C 120.00
TH-T/C 120.00
TH-T/C 120.00
TH-T/C 132.00

W-T/C 24.00
W-T/C 48.00
W-T/C 60.00
W-T/C 72.00
W-T/C 84.00
W-T/C 96.00
W-T/C 108.00
W-T/C 120.00
W-T/C 132.00
I-T/C 72.00
I-T/C 96.00
I-T/C 120.00
F-T/C
F-T/C

SP-T/C
W-T/C
W-T/C
W-T/C
F-T/C
F-T/C 000.00

TW-T/C 168.00
F-T/C
W-T/C 72.00
F-T/C 00.00
W-T/C 84.00

SP-T/C

H/I
41
7L
7L
5K

lOC
13F

5K
1OC
13F
1OC

5K
13L

4C
5K
1OC
1OC
13L
5K
4C

13F
13L
90
90
90
90
90
90
90
90
90
90
90
90

0
90

180
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529
530
531
532
533
534
535
536
537
538
539
540
541
542
543544
545
546
547
548
549
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
573
574
575
576

UPPER PLENUM/SEPARATOR
SEPARATOR/EXHAUST LINE STEAM
SEPARATOR/EXHAUST LINE
EXHAUST LINE UPSTREAM
EXHAUST LINE DOWNSTREAM
ACCUMULATOR NO.2
ACCUMULATOR NO.1
INJECTION LINE
CROSSOVER LEG DOWNSTREAM
DOWNCOMER
CROSSOVER LEG DOWNSTREAM
POWER PRIMARY ZONE A
POWER SECONDARY ZONE A
POWER PRIMARY ZONE B
POWER SECONDARY ZONE B
POWER PRIMARY ZONE C
POWER SECONDARY ZONE C
INJECTION LINE- 60 GPM
INJECTION LINE-150 GPM
CROSSOVER LEG BI-DIRCT TURBO!
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
HOUSING
UPPER PLENUM
HOUSING OVERALL
CARRYOVER TANK LEVEL
DOWNCOMER
SEPARATOR
ACCUMULATER
EXHAUST ORIFICE LOW RANGE
EXHAUST ORIFICE HIGH RANGE
INJECTION LINE ORIFICE METER
INJECTION LINE ORIFICE METER
INJECTION LINE ORIFICE METER
DOWNCOMER TO SEPARATOR
UPPER PLENUM TO SEPARATOR
EXHAUST ORIFICE
UPPER PLENUM/SEPARATOR
INJECTION LINE ORIFICE METER

PROBE
WALL

VAPOR
WALL
WALL

FLUID
FLUID
FLUID
FLUID
FLUID
FLUID

WALL

?ROBE
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL
DFRNTL

TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
TEMPERATURE
POWER
POWER
POWER
POWER
POWER
POWER
FLOW
FLOW
FLOW
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
PRESSURE
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(channels 512-514) were utilized to compute housing heat release as part of

the overall mass and energy balance analysis.

Three turbine meters were utilized to measure the flow rate of injected water

in forced flooding and gravity reflooding tests. One turbine meter was used

to measure the injected flow for the forced flooding tests (channel 546), and

two turbine meters, one in the injection line (channel 547) and one in the

crossover leg (channel 548), were used to measure flow for the gravity re-

flooding tests. The turbine meter in the crossover leg was bidirectional;

however, this meter did not perform satisfactorily.

The 11 differential pressure cells were used to measure loop pressure drops,

flow, or water level. The water supply tanks had a differential pressure cell

(channel 566) which was utilized to measure fluid level in the tanks during

filling operations and testing. Three differential pressure cells (channels

569, 570, and 571) were utilized with orifice plates in the water injection

system as redundant flow measuring devices to the injection line turbine flow-

meter. The storage tanks on the downstream side of the bundle, the carryover

tank (channel 563), the steam separator, and the steam separator drain tank

(channel 565) were instrumented with differential pressure cells to measure

liquid accumulation. The exit steam flow was measured downstream of the steam

separator utilizing an orifice plate with a differential pressure cell (chan-

nels 567 and 563), fluid thermocouple, and a pressure cell. Three additional

differential pressure cells were utilized in the gravity reflood tests to mea-

sure mass accumulated in the downcomer (channel 564). and to measure differ-

ential pressures between the upper plenum and steam separator (channel 573),

and between the top of the downcomer and the steam separator (channel 572).

The three loop pressure cells were utilized to measure the absolute pressure

at the orifice plates on the bundle inlet (channel 576) and outlet (channel

574), and in the upper plenum for forced reflood tests or in the steam sep-

arator for the gravity reflood tests (channel 575).
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4-20. Bundle Instrumentation

The bundle instrumentation consisted of heater rod thermocouples, steam tem-

perature measurements, plenum temperature measurements, differential pressure

cells, and power measurements.

The locations of the heater rod thermocouples, steam probes, and thimble wall

thermocouples are listed in table 4-3. Appendix F provides a detailed layout

of the bundle instrumentation.

4-21. Heater Rod Thermocouples

Sixty-two of the 163 heater rods in the large blocked bundle were instrumented

with up to eight thermocouples each. A total of 440 bundle heater rod thermo-

couples were connected and recorded by the Computer Data Acquisition System.

Some spare thermocouples were available for hookup to the computer in the

event of rod thermocouple failures during testing; however, the number of

failures was low and therefore the spares were never utilized.

Figure 4-8 shows the radial location of the 62 instrumented heater rods In the

bundle as well as their orientation with respect to the two blockage islands.

The placement of the instrumented heater rod thermocouples was based on the

following criteria:

o Maximizing direct comparisons with data from the 21-rod bundle
and the 161-rod unblocked bundle

o Achieving a radial distribution such that both the flow blockage
region and flow bypass region were adequately instrumented

o Achieving an axial distribution similar to that In the 21-rod
and 161-rod unblocked bundles

o Achieving a sufficient number of thermocouples upstream and
downstream of the blockage zone to determine axial effect of
blockage sleeves

4-22. Steam Temperature and Thimble Wall Instrumentation

The steam temperature, which was required for data analysis and evaluation,

was measured by means of an aspirating steam probe located within the thimble
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tube, a self-aspirating steam probe placed in the subchannel, and an unshiel-
ded thermocouple also located in the subchannel.

The subchannel vapor temperature instruments and thimble tube steam probes

provided data for evaluating mass and energy balances, nonequilibrium vapor

properties, radial and axial vapor temperature variations, and blockage

effects.

The thimble tube steam probe utilized the same general design as that in the

161-rod unblocked bundle. Two-phase flow was aspirated into the probe, water

was separated prior to measuring the vapor temperature, and steam was subse-

quently condensed, measured, and collected on the outside of the test section.

Figures C-5 through C-9 show the details of construction of the bundle thimble

tubes. Figures 4-8 and C-20 show the bundle locations of the thimble steam
probes as well as the thimble wall thermocouples. The thimble wall thermo-

couples were used to evaluate subcooling in the bottom of the bundle shortly

after quenching, and radiation heat transfer between surfaces in the upper
half of the bundle. Because of limited data acquisition system capacity, not

all thimble wall thermocouples were recorded.

The self-aspirating steam probes and unshielded thermocouples were placed im-

mediately upstream and downstream of the blockage zone of the 1.65 to 2.01 m

(65 to 79 in.) elevation to supplement data obtained from the thimble tube

aspirating steam probes and to measure radial vapor temperature distribution.

Details of construction and bundle locations for the self-aspirating steam
probes and unshielded thermocouples are shown in figure C-21.

Appendix E provides detailed test data comparisons of the three types of steam
temperature instrumentation for a range of forced reflood test conditions.

4-23. Differential Pressure Measurements

Differential pressure measurements were made every 0.30 m (12 in.) along the

length of the bundle to determine mass accumulation in the bundle during re-
flood tests (channels 549-560). Differential pressure transmitters [±3.7 MPa
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(±15 in. H2 0)] were utilized to obtain an accurate mass accumulation meas-

urement representative of an average across the bundle. An additional cell

measured the overall pressure drop from the bottom to the top of the heated

length (channel 562).

4-24. Power Measurements

Six instrumentation channels were devoted to measurement of power into the

bundle. Three were used as a primary measurement (channels 540, 542, and 544)

from which power was controlled by the computer softuare. Three independent

power measurements (channels 541, 543. and 545) were used for data reduction

purposes for forced and gravity reflood tests. The power to the 59 peripheral

heater rods was measured by channel 541, power to the 69 rods In the bypass

zone by channel 593, and power to the 40 rods in the blockage islands by

channel 595.

4-25. Upper Plenum Instrumentation

The upper plenum, an important component of the FLECHT SEASET test loop, was

utilized to separate the liquid and steam phases in close proximity to the

test section so that accurate mass and energy balances could be accomplished.

A differential pressure cell connected between the top and bottom of the upper

plenum (channel 561) was used to measure liquid accumulation within this com-

ponent. Liquid collected at the bottom of the upper plenum before draining

Into the carryover tank. System pressure was controlled by a pressure trans-

mitter located in the upper plenum for all tests except gravity reflood tests.

The same pressure transmitter was connected to the computer for measuring sys-

tem pressure (channel 575).

Two upper plenum thermocouples were designed to measure the fluid temperatures

*at the upper plenum exit (channel 515) and in the upper plenum extension

(channel 516). These thermocouples indicated the location and presence of

liquid in the upper plenum and housing extension. An aspirating steam probe

located in the upper plenum (channel 517) at the bundle exit was utilized to

measure vapor nonequilibrium temperature. Three wall thermocouples were used
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to ensure that the plenum was at a uniform temperature prior to and during

testing (channels 518-520).

4-26. Lower Plenum Instrumentation

The lower plenum was instrumented with a fluid thermocouple (channel 521)

located in the center of the lower plenum extension for measuring inlet sub-

cooling as cooling water flooded with bundle.

4-27. FACILITY OPERATION

The 163-rod blocked bundle facility operation for forced reflood testing was

similar to the operation of the 161-rod unblocked and 21-rod bundle test

facilities. The following general procedure was used to conduct a typical

reflood test:

(1) Fill accumulator with water and heat to desired coolant
temperature [530C (127°F) nominal].

(2) Turn on heatup boiler and bring the pressure up to 0.62 HPa (75
psig) nominal gage pressure.

(3) Heat and pressurize the carryover vessel, entrainment separator,
separator drain tank, test section, and test section outlet
piping (located before the entrainment separator) to the satura-
tion conditions corresponding to the test run pressure. Using
clamp-on heaters, heat the exhaust line between the separator
and exhaust orifice and housing windows to 2606C (5000F). Heat
the test section lower plenum and injection piping (filled with
water) to the temperature of the bundle coolant in the water
supply tanks.

(4) Scan all instrumentation channels by the computer to check for
defective instrumentation. The differential pressure and static
pressure cell zero readings are taken and entered into the com-
puter calibration file. These zero readings are compared with
the component calibration zero reading. The straight-line con-
version to engineering units is changed to the new zero when the
raw data are converted to engineering units. This zero shift
process accounts for errors due to transmitter zero shifts and
compensates for transmitter reference leg levels, enabling the
engineering units to start with an empty or 'zeroed" reading.

(5) Apply power to the test bundle at a peak rate of 1.3 kw/m (0.4
kw/ft) and allow rods to heat up. When the temperature in any
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two bundle thermocouples between the 1.70 m (67 in.) and the
2.06 (81 in.) elevations reaches 8150C (15000F), the power is
stepped to the specified peak rate [typically 2.3 kw/m (0.7
kw/ft)] until the desired test flood temperature is achieved
(nominally 8716C (16000F)], at which time the computer automa-
tically activates flood and controls power decay. The exhaust
control valve regulates the system pressure at the preset value
by releasing steam to the atmosphere. The thimble tube steam
probes are vented until rod temperature reaches 760°C (1400°F)
and subsequently closed until rod temperature reaches 8716C
(16006F) to help maintain system pressure. The system pressure
is maintained prior to flood by the heatup boiler, which has a
capacity of 1.57 X 10-2 kg/sec (125 lb/hr).

(6) Ascertain that all designated thermocouples have quenched
(indicated by the computer printout of bundle quench).

(7) Cut power to heaters, terminate coolant injection, and
depressurize the entire system.

(8) Drain and weigh water from all components.

At the end of the forced reflood tests, the facility was modified to conduct

gravity reflood tests; however, the same procedure was used to conduct these

tests.

4-28. KEY FACILITY OPERATING LIMITATIONS AND SAFETY FEATURES

All vessels in the FLECHT SEASET 163-rod bundle facility were designed and

built to the ASHE Boiler and Pressure Vessel Code. Facility piping conformed

to the latest edition of the Code for Power Piping, ANSI B31.1. Facility

operating limits were set by design criteria and/or component material limi-

tations. Primary loop (test section and exhaust piping and components) design

pressure was limited to 0.52 MPa (60 psig) because of the thin-walled low mass

housing design, which was rated at 0.52 MPa (60 psig) with an 8150C (15000)

midplane temperature. This temperature was a maximum material limitation set

by the ASME Code. All 163-rod bundle facility tests were run at or below

0.41 MPa (45 psig).

The water injection system piping and components were designed for 3.5 MPa

(500 psig) and a temperature of 177°C (3500F). The system was operated well

within these design limits.
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Heater rod 0-ring seals were made of ethylene propylene, which limited the

test section upper seal plate temperature to 172"C (350°F) during testing.

The Kanthal heater rod element material limited operation of the test bundle

heater rods to 12320C (22500F).

Personnel safety as well as facility protection were prime considerations in

the design of the FLECHT SEASET 163-rod bundle facility. Accordingly, the

following safety devices and/or features were designed into the facility:

o Test section: Rupture disk with a burst pressure of 0.52 MPa
(60 psig) at 226C (720F)

o Exhaust piping: Combination rupture disk and relief valve set
for 0.52 MPa (60 psig) at 153°C (3070F)

o Carryover tank: Rupture disk with a burst pressure of 0.52 MPa
(60 psig) at 224C (726F)

o Entrainment separator: Rupture disk with a burst pressure of

0.52 HPa (60 psig) at 220C (720F)

o Facility heating boiler: Relief valve set at 0.79 MPa (100 psig)

o Water supply vessels: Rupture disks with a burst pressure of
3.5 MPa (500 psig) at 226C (720F)

o Heater rod bundle:

-- Overcurrent limit to protect rods from failure due to an
overpowered SCR by shutting off bundle power and sounding
alarm

-- Computer-monitored and activated overtemperature trip set to
shut off bundle power and sound alarm at 12320C (22506F)

-- Provision for shutting off bundle power and sounding alarm
in case of computer power failure

-- Circuitry designed to shut off bundle power in case of
control panel voltage (110 v) failure

-- Provision in computer software for signalling an incorrect
power setting
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4-29. PHOTOGRAPHIC STUDIES

The 163-rod bundle housing was equipped with three pairs of quartz windows lo-

cated at the 0.91, 1.83. and 2.74 m (36, 72, and 108 in.) elevations. These

windows were used to make visual observations and high-speed motion pictures

of two-phase flow regimes and quench front progression. Droplet size and vel-

ocity was the key information sought from the movies. To provide this infor-

mation, the camera focal distance was established so that droplets between the

third and seventh rod rows would appear in sharp focus. High-intensity back

lighting was utilized such that the water droplets would appear in silhouette

in the flow channels between rod rows. Good visibility through the quartz

windows was a prerequisite for quality movies. In previous FLECHT SEASE]

tests, a liquid film which formed on the inside of the glass obstructed the

viewing area. In the FLECHT SEASET bundle tests, heaters were placed on the

outside of the window housing and the window temperatures were monitored at

both the computer and operator control console. The heaters raised the inner

surface of the quartz to approximately 260°C (5000F) prior to initiation of

test. At this time, the heaters were turned off and the windows maintained

their temperature because of heat input from the rods.

High-speed movies were taken at both the 0.91 and 2.74 m (36 and 108 in.)

elevation windows. The 1.83 m (72 in.) elevation window was used for visual

observation only, as the flow blockage sleeves prevented backlighting of the

flow channels and thus prevented motion picture filming.

The movies at the 0.91 and 2.74 m (36 and 108 in.) elevation windows were

taken with identical Redlake Corporation Hycam model 42-001 high-speed, 16mn

motion pictur.e cameras. Both cameras utilized 366 m (1200 ft) rolls of Tri-X

reversal (black and white) film. Movies were shot at 2000 frames per second

at the 0.91 m (36 in.) elevation window and 2000 to 2500 frames per second at

the 2.74 m (108 in.) window. Because of the high film speed and limited cam-

era film capacity, only about 22.5 seconds of the test run could be filmed at

a speed of 2000 frames per second, or 18 seconds at 2500 frames per second.

The initial plan called for shooting at three intermittent time intervals;
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however, frequent film breakage because of the high start and stop accelera-

tion forces required that most of the filming be shot in a single time

interval.

Movies were shot at specified preselected times during the first 46 seconds of

the test run. Clock timers, started at flood initiation, were used to indi-

cate when to activate the movie cameras.

Prior to testing, two measuring scales were positioned at right angles and

filmed with one of the test movie cameras at the same focal length as the

droplets in the test run movies. This film was then projected on a screen and

used to establish a scale for determining droplet size and velocity in the

test run movies.

Appendix G provides detailed results obtained from reducing the information

contained in the high-speed droplet movies.
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SECrION 5

TEST RESULTS

5-1. INTRODUCTION

The data from 20 forced reflood and three gravity reflood tests performed

during the FLECHT SEASET 163-rod bundle test program met the specified test

conditions and are reported herein. This section contains examples of key

data and appendix H contains a large sampling of data for each of the 23

reflood tests.

The FLECHT SEASET test numbers comprise five characters each. The first

character, 6, refers to the 163-rod bundle test program, the second and third

refer to the sequential bundle cycle numbers, and the fourth and fifth are the

test matrix number. For example, run 60701 is matrix test number 01 in the

seventh cycle.

5-2. DATA REDUCTION

Data collected for each run at the test site were compiled on a binary mag-

netic tape in engineering units by the CDAS. This magnetic tape was processed

by a CDC-7600 computer and the following series of data reduction programs

were utilized for forced and gravity reflood tests:

DATA TAPE

CATALOG PROGRAM

I I I i
PLOTS FFLOWS QUENCH DATAR

COMPARE

The CATALOG program converted the data to a form compatible with the CDC

computer and printed all the data as a function of time. The PLOTS program

simply plotted all. the recorded data as a function of time.
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The following paragraphs describe the other four reflood programs and provide

an example of the reduced data. The as-run test conditions for the reflood

tests are shown in table 5-1. The instrumentation error analysis associated

with the recorded data is discussed in appendix I.

5-3. FFLOWS Program and Results

The FFLOWS program was utilized primarily to calculate the mass balance for

each reflood test. The mass balance was calculated by the following

formulation:

percent mass imbalance = mass difference X 100
mass injected

where mass difference = injected mass - (upper plenum mass + carryover tank

mass + steam separator mass + mass in bundle + steam mass out + steam probe

mass).

A mass balance plot for the reference run (run 61106) is shown in figure 5-1.

The percent mass imbalances at the end of Injection for all the reflood tests

are shown in figure 5-2. The average mass imbalance was found to be approxi-

mately 2.6 percent at the end of injection for all forced reflood tests, and

approximately 0.4 percent for all gravity reflood tests. Only one test (run

62304) had a mass imbalance greater than 5 percent at the end of injection;

this may be attributed to the high injection rate of 157 mm/sec (6.2 in./

sec). The mass balance plot for each test is shown in appendix H.

The FFLOWS program was also utilized to calculate the void fractions along the

length of the bundle. The differential pressure measurements located every

0.30 m (12 in.) were used to calculate the void fraction by accounting for

frictional and acceleration pressure drops. The bundle differential pressure

and void fraction plots for each test are shown in appendix H. The mass flow

rate into the bundle, the carryover tank, and the separator, as well as the

steam flow out of the test section are also plotted in appendix H for each

test. -The details of the mass balance and void fraction calculations in the

FFLOWS program are provided in appendix 3.
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5-4. QUENCH Program and Results

The heater rod and housing thermocouple data for reflood tests were reduced by

the QUENCH program. The QUENCH program was designed to determine the char-

acteristics of temperature histories of the thermocouple data. These charac-

teristics include the initial temperature, maximum temperature, quench tem-

perature, turnaround time, and quench time. The temperature history of the

hottest rod thermocouple for the reference run (run 61106) is shown in figure

5-3.with the actual data points chosen by the QUENCH program. A tabulation of

the hot rod characteristics from the QUENCH program for all gravity and forced

reflood tests is provided in table 5-1. The QUENCH program calculates the

statistics of these characteristics for each instrumentation elevation, such

as average turnaround time. These statistics are tabulated for each reflood

test in appendix H.

The QUENCH program also calculates a quench front curve (from a cubic spline

curve fit) from the average of the thermocouple quench times at a given elev-

ation, and subsequently calculates a quench front velocity which is utilized

in the FLEMB code for calculating an energy balance. Examples of the calcula-

ted quench curve with the associated thermocouple quench times and quench

front velocity are shown in figures 5-4 and 5-5, respectively, for run 61106.

The details of the criteria used for choosing quench time and temperature are

provided in appendix J.

5-5. DATAR Program and Results

The DATAR program was used to calculate the heat transfer coefficients for the

reflood tests. The program employs a finite difference method to solve the

inverse conduction problem utilizing the measured rod power, temperature, and

physical dimensions to calculate the rod heat flux. The calculated heat

transfer coefficient is referenced to the measured saturation temperature.

The heat transfer coefficient for the hottest rod thermocouple from run 61106

is shown in figure 5-6.
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To provide heat transfer coefficient data more suitable for analysis and eval-

uation, the data were smoothed (or averaged) over a total time of 10 seconds.

This smoothing technique consisted of replacing each data point with an aver-

age value of the original data point and a specified number of points before

and after the time of interest. An example of the original data and smoothed

data is shown in figure 5-7 for the hottest rod thermocouple from run 61106.

The details of the DATAR program calculations, as well as the details on the

data smoothing technique, are given in appendix 3.

The heat transfer coefficient error analysis as previously performed for the

161-rod unblocked bundle, as shown in (figure 5-8), is applicable to the

163-rod bundle, since the heater rod materials are exactly the same and the

rod dimensions are approximately the same as in the 161-rod unblocked bundle.

In the 163-rod bundle, the thermocouple diameter was increased to 1.0 mm

(0.040 in.) from 0.64 mm (0.025 in.), and the heating coil diameter was

subsequently reduced from 4.44 to 3.43 mm (0.175 to 0.135 in.), but it is

believed that the errors associated with these changes are negligible.

5-6. COMPARE Program and Results

The COMPARE program was utilized to compare data within a test run, between

test runs, and/or between test series by plotting the respective data as a

function of time, elevation (ZPLOT), or radial location (RPLOT). The auto-

mated comparison of data provided for quick and efficient validation of tests

and thorough analysis of large quantities of data. The following paragraphs

describe some of the data results utilizing this program. Appendix H provides

comparisons of the 163-rod blocked and 161-rod unblocked bundle measured rod

temperatures and the calculated heat transfer coefficients. Axial temperature

distributions as a function of time for the vapor, thimbles, and housing are

also provided in appendix H, as well as loop temperatures and component fluid

levels.

5-7. Initial Heater Rod Radial Temperature Distribution -- In the 163-rod

bundle, the addition of the 40 flow blockage sleeves affected the initial
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heater rod radial temperature distribution, as shown in figure 5-9 at the 1.90

m (75 in.) elevation for run 61106. This figure shows the measured rod tem-

perature as a function of radial position from the center of the blockage

island. The reduction in the temperature of the heater rods in and near the

blockage islands was attributed to the blockage sleeves. The radiation heat

transfer between the *cold* sleeves and the hot rods was increased, thereby

reducing the temperature of the adjacent heater rods. The convection heat

transfer from the rods to the steam was increased because of the flow accel-

eration through the blockage. Also, the blockage sleeves, which represent ap-

proximately 30 percent of the mass of the heater rod per unit length, stored

energy which otherwise would have been stored in the heater rod. In contrast,

the midplane radial temperature distribution for the 161-rod unblocked bundle,

as shown in figure 5-10 for the 1.83 m (72 in.),elevation for run 31504, indi-

cates a radial temperature gradient which was higher in the center of the

bundle. At elevations immediately upstream [1.70 m (67 in.)] and downstream

[2.03 m (80 in.)] of the blockage for run 61106, a fairly uniform radial tem-

perature distribution was achieved, as shown in figure 5-11, signifying the

localized effect of the blockage sleeves on the heater rod temperature

distribution.

Since the midplane radial temperatures were significantly different between

the unblocked and blocked bundles, bundle flood was initiated in the blocked

bundle at a time when the average midplane temperature was approximately the

same as in the unblocked bundle. In this manner, it was believed that the

overall thermal response would be approximately the same for the two bundles,

although the radial distribution would be different. However, it was found

that the initial temperatures in both the lower and upper halves of the bundle

were generally higher in the blocked bundle than the corresponding unblocked

bundle tests. Consequently, the quench front for the blocked bundle was ap-

proximately 20 to 40 seconds slower than that of the unblocked bundle.

All the 163-rod bundle tests provided approximately the same initial radial

temperature distribution except for the hot/cold channel test (run 62117). In

this test, the 40 blockage island rods were powered at 2.3 kw/m (0.7 kw/ft)

and the other 123 rods were powered at 1.3 kw/m (0.4 kw/ft); flood was initi-

ated when the hottest thermocouple reached 8711C (1600"F). The initial radial
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temperature distribution at the 1.70 and 2.03 m (67 and 80 in.) elevations are

shown in figure 5-12. The average rod temperature for the two blockage

islands was approximately 816*C (1500*F) and for the other rods was approxi-

mately 593°C (llO0°F).

-5-8. Symmetry of Heater Rod Temperatures -- In the 163-rod blocked bundle,

there was only one line of symmetry, as previously discussed in paragraph 3-5

and illustrated in figure 5-13. To determine the symmetry of the heater rod

temperature, there were 42 pairs of thermocouples symmetrically located in the

bundle between the elevations of 1.70 m (67 in.) and 3.05 m (120 in.) distri-

buted axially and radially as tabulated below:

Elevation

[m (in.)] Number and Location of Symmetrical Thermocouples

1.70 (67) 6 (4 in bypass and 2 in blockage islands)

1.88 (74) 2 (in blockage islands)

1.90 (15) 8 (4 in bypass and 4 in blockage islands)

1.96 (77) 8 (in blockage islands)

1.98 (78) 4 (in blockage islands)

2.01 (79) 4 (In blockage islands)

2.03 (80) 2 (in blockage islands)

2.06 (81) 2 (in blockage islands)

2.13 (84) 2 (in bypass region)

2.18 (86) 6 (in blockage islands)

2.29 (90) 14 (in blockage islands)

2.44 (96) 10 (4 in bypass and 6 in blockage islands)

2.82 (111) 10 (4 in bypass and 6 in blockage islands)

3.05 (120) 6 (2 in bypass and 6 in blockage islands)

TOTAL 84 (20 in bypass and 64 in blockage islands)

Comparison of the temperatures from the above symmetrical heater rod thermo-

couples as a function of time showed that the rod temperatures were fairly

symmetrical at all elevations. Even in tests conducted later in the program,
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there were insignificant differences in the temperature measurements at sym-

metrical locations, as shown in figures 5-14 and 5-15 for runs 61005, 61607,

61916, and 62605.

5-9. Data Repeatability -- The repeatability of the data was measured by

conducting three test runs at the same exact conditions (as much as experi-

mentally possible) at approximately equal intervals in the testing program.

These were runs 61005, 61705, and 62605. There were no successive repeat

tests; therefore, effects such as rod bow and surface degradation could have

affected the measured rod temperature data. The nominal test conditions for

each of the repeat tests were as follows:

o 38.6 mm/sec 11.52 in./sec) flooding rate

o 2.30 kw/m (0.7 kw/ft) peak initial linear power

o 8710C (16000F) initial clad temperature

o 0.272 MPa (39.5 psia) system pressure

o 52.70C (1270F) inlet fluid temperature

The hot rod characteristics for each of the three repeat tests were found to

be somewhat different (table 5-1). However, the hot rod maximum temperatures

of 1002*C to 1014*C (1835*F to 1857°F) provide the only basis for that com-

parison. Subsequently, the temperature rise, turnaround time, and quench time

for the hot rod should not be compared since the respective hot rod location

varied from test to test (rods 8N, 9D, and 3H). A better evaluation of the

data repeatability was achieved by comparing the same thermocouple location

from test to test.

The heater rod temperature data repeated fairly well up through and past

turnaround time, as shown in figure 5-16. However, there were temperature

differences late in the reflood transient, with a resulting difference in the

quench time. A comparison of the average quench front is shown in figure 5-17

for each of the three repeat tests. The quench front is approximately the

same up to the 1.65 m (65 in.) elevation, which is 3ust upstream of the

blockage. The differences in quench times between test runs 61005 and 62605

at the 1.91 m (75 in.) elevation are shown in the inset in figure 5-17. The
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thermocouples in the blockage islands quenched approximately 60 seconds ear-

lier in run 62605 than in run 61005; the thermocouples in the bypass region

quenched only 15 seconds earlier in run 62605 than In run 61005. However,

these results are consistent with those measured in the 21-rod bundle repeat

tests, as shown below:

Quench Time at Indicated Elevation (sec)

21-Rod Bundle 1.52 m (60 in.) 1.98 m (78 in.)
Test Repeat (upstream of blockage) (downstream of blockage)

41807F 231.4 352.2

42215F 230.3 354.6

42915F 220.4 330.5

43915F 230.7 316.8

44015f 219.9 302.9

These results indicate the heat transfer Improvement near the quench front as

the surface of the heater rods and blockage sleeves oxidized.

5-10. SUMMARY OF RUN CONDITIONS AND HOT ROD TEST RESULTS FOR REFLOOD TESTS

The as-run conditions and the hot-rod results for the reflood tests are listed

in table 5-1.

The summary results for the forced and gravity reflood tests include the fol-

lowing information:

o Location of the hottest temperature recorded during the test,
which is characterized by the radial location of the rod in the
bundle and the thermocouple nominal elevation with respect to
the bottom of the heated length

o Initial and maximum temperatures of the hot rod

o Turnaround time, which is the time after the start of flooding
at which the hot rod maximum temperature was recorded

O04DX:l~O81283 5-335-33



o Hottest rod quench time, which is the time after the start of
flooding at which the temperature of the hottest rod started to
decrease very rapidly

0 Bundle quench time, which Is the time after start of flooding at
which all thermocouples in the bundle had quenched

5-11. GRAVITY REFLOOD TEST RESULTS

In the first gravity reflood test (run 62819), conducted at 0.14 MPa (20

psia), the downcomer filled to 5.49 m (216 in.) within approximately 20 sec-

onds of initiation of mass injection. The downcomer subsequently remained

filled through most of the test, as shown by the measured liquid level in

figure 5-18. To prevent the downcomer from filling, the mass injection rate

was reduced In run 62919 as tabulated below:

Injection Flow

Run [kg/sec (lb/sec)]

62819 5.80 (12.8) for 15 seconds, 0.785 (1.73) onward

62919 5.80 (12.8) for 5 seconds, 0.594 (1.31) onward

As a result of the decreased mass injection rate, a significantly different

downcomer hydraulic response and bundle thermal response was achieved in run

62919. As shown in figure 5-18, the downcomer initially filled to the 1.22 m

(48 in.) elevation and continued to fill for approximately 200 seconds to the

4.57 m (180 in.) elevation, at which time the downcomer began to empty. The

hot rod temperature responses for the two tests are shown in figure 5-19.

Since there were no comparable 161-rod unblocked bundle tests for runs 62819

and 62919, data comparisons were not performed. However, a comparison of the

quench times at the 1.98 m (78 in.) elevation for run 62819 in figure 5-20

indicates that the blockage island thermocouples quenched approximately 87

seconds earlier than the bypass region thermocouples. This result signifies

the improved heat transfer downstream of the blockage relative to the flow

bypass region, although approximately 45 seconds of this time differential may

be attributed to the surface oxidation differences between the bypass zone and

the blockage zone, as shown in paragraph 5-9.
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The third gravity reflood test (run 63018) was conducted at 0.28 MPa (40 psia)

utilizing the same injection rate as in run 62819. In this test, as shown in

figure 5-18, the downcomer filled to approximately 4.88 m (192 in.) within 15

seconds after injection and slowly decreased to a level of 3.05 m (120 in.) by

the end of the test. A comparison of the measured heater rod temperatures

from the blocked bundle and the 161-rod unblocked bundle (run 33436) for rod

9E at the 1.98 m (78 in.) elevation is shown in figure 5-21. A comparison of

the quench times at the 1.98 m (78 in.) elevation for run 63018 in figure 5-22

also indicates that the blockage island thermocouples quenched approximately

76 seconds earlier than the bypass region thermocouples.

5-12. ROD BUNDLE GEOMETRY

A major concern in conducting the 163-rod bundle tests was the severe rod bun-

dle distortion which had previously occurred in the 161-rod unblocked bundle.

This bundle distortion was attributed to the thermal cycling imposed on the

heater rods and the filler rods. The following design changes were incorpor-

ated in the 163-rod bundle to alleviate the distortion:

o Heater rods were annealed to remove residual stresses and thus
reduce rod bowing.

o The height of the dimples on the grids was reduced to allow
thermal growth of the heater rods through the grids.

o Filler rods were split and pin-connected to each other to allow
thermal growth of the filler rods.

A simple and quantitative indication of the thermal cycling imposed on the

heater rod bundle was the time at temperature. The integral of the time-

temperature curve for the hot thermocouple at times when the temperature was

above 8166C (15000F) was calculated for each 163-rod bundle test, as shown in

figure 5-23. In the 161-rod unblocked bundle, severe rod distortion was

calculated to occur by test run 34711, as discussed in appendix G of the

161-rod bundle data report.(1) The summation of the integral of the time-

1. Loftus, M. 3., et al., OPWR FLECHT-SEASET Unblocked Bundle, Forced and
Gravity Reflood Task Data Report," NRC/EPRI/Westinghouse-7, June 1980.
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temperature curve for the 161-rod unblocked bundle tests up to and including

run 34711 was 0.97 X 10 6C-sec (1.75 x 10 6F-sec), as also indicated in

figure 5-23. The respective value for the 163-rod blocked bundle tests was

1.03 X 10 *C-sec (1.86 X 106 bF-sec), which is insignificantly greater
than that for the unblocked bundle.

The heater rod bundle was removed from the test facility and thoroughly in-

spected. There was minimal rod distortion in the center of the bundle, as

shown in appendix K.

5-13. FLOW BYPASS EFFECTS

To provide a comprehensive, yet simple, comparison of the flow blockage

results to qualify the effects of flow bypass, the temperature rise difference

between the blocked and unblocked bundles was calculated as a function of

elevation and flooding rate. The temperature rise reflects the integrated

heat transfer effect of the flow blockage and bypass. The unblocked-to-

blocked temperature rise difference is defined as

(ATrisedunblocked - (ATrise)blocked (5-3)

(TMAX - TINIT)unblocked - (THAX - TINIT)blocked (5-4)

If the initial clad temperatures were the same in the two bundles, the above

relationships would simply reduce to the difference between the respective

maximum temperatures at the turnaround time,

(TMAX)unblocked - (TMAX)blocked

The unblocked and blocked bundle tests which were compared are shown in table

5-2. The elevations selected for these comparisons were 1.98 m (78 in.),

which is immediately downstream of the blockage, and 2.44 and 3.05 m (96 and

120 in.), which are located in the next two grid spans. To provide the most

appropriate comparisons between the 21-rod bundle and the 163-rod/161-rod

bundles, only the heater rods in the two 21-rod blockage islands of the

163-rod bundle were utilized.

0040X:1/081283 5-42



TABLE 5-2

UNBLOCKED AND BLOCKED BUNDLE TESTS

FOR COMPARISON OF FLOW BYPASS EFFECTS

Test Conditions

Blockage Flooding Rate Peak Power

Bundle Description [m/sec (in./sec)] [kw/m (kw/ft)] Power/Flow

21-rod Not applicable 0.02 (0.9) 2.44 (0.745) 0.87

unblocked 0.028 (1.1) 2.44 (0.745) 0.71

21-rod Long. nonconcen- 0.038 (1.5) 2.3 (0.70) 0.46

blocked tric sleeves 0.2 (6) 2.3 (0.70) 0.12

distributed non-

coplanar on all 21

heater rods

161-rod Not applicable 0.02 (0.8) 2 (0.1) 0.87

unblocked 0.025 (1.0) 2.3 (0.70) 0.71

163-rod Long, nonconcen- 0.038 (1.5) 2.3 (0.70) 0.46

blocked tric sleeves 0.038 (1.5) 1.3 (0.40) 0.27

distributed 0.2 (6) 2.3 (0.70) 0.12

noncoplanar on

two 21-rod islands
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The results of these calculations, as shown in figure 5-24. generally Indicate

the following effects:

0 The temperature rise'difference is greater for the 21-rod bundle
than for the large blocked bundle. This is attributed to the
flow bypass effect in the large bundle, which decreases the flow
through the blockage region. However, even with the flow bypass
effect, the blocked bundle maximum temperature is less than that
for the unblocked bundle.

0 As the flooding rate decreases, the temperature rise difference
between the unblocked and blocked bundles increases. This
indicates that the maximum temperature in the blocked bundle
decreases. The maximum temperature in the blocked bundle
decreases because of the improved heat transfer downstream of
the blockage. The amount of the heat transfer improvement is
affected by the absolute level of the heat transfer. As the
flooding rate decreases, the overall heat transfer level
decreases; therefore any improvement in the heat transfer sig-
nificantly affects the measured rod temperature. Also. with
reduced flooding rate. the period of two-phase dispersed flow is
increased with respect to time, which means that the droplet
breakup effect is increased.

o As the distance downstream of the blockage increases. the temp-
erature rise difference between the unblocked and blocked bun-
dles decreases. This indicates that the maximum temperature in
the blocked bundle increases with distance from the blockage.
However, the blocked bundle maximum temperature is still less
than that for the unblocked bundle. This axial effect down-
stream of the blockage is similar to a thermal entr region for
a ttube and has been observed downstream of a gr id(l and other
blockages.(2)

1. Yao, S. C., et al.. OHeat Transfer Augmentation in Rod Bundles Near
Grid Spans., presented at ASME Winter Annual Meeting in Chicago, IL,
November 16-21, 1980.

2. Ihle, P., and Rust. K.. *FEBA - Flooding Experiments With Blocked
Arrays - Influence of Blockage Shape,. Trans. American Nuclear
Society 31. 399-400 (1979).
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The temperature rise difference as a function of time is shown in figure 5-25

for the tests with the highest power-to-flow ratio at the 1.98 m (78 in.)

elevation.) This figure indicates a consistently larger difference in the

temperature rise as the reflood transient progresses through 120 seconds.

This difference is greater [approximately 440C (80°F)] than that shown

previously in figure 5-24 (approximately 25°C (45"F)]. since the turnaround

time for the blocked bundle with flow bypass is longer than that for the

blocked bundle without flow bypass.
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SECTION 6

CONCLUSIONS

The objectives of the 163-rod blocked bundle test program were judged to have

been successfully met. Thermal-hydraulic data from 20 forced reflood tests

and three gravity reflood tests were obtained, and all test data were found to

be valid. The 163-rod blocked bundle data, which cover a wide range of ther-

mal-hydraulic conditions, provide a basis for assessment of the flow blockage

model to be developed from the 21-rod bundle test data. The flow blockage

model evaluation report will be issued in 1984.

In the 163-rod bundle, the peak measured rod temperatures in and downstream of

the blockage islands were less than the corresponding rod temperatures in the

161-rod unblocked bundle for all conditions tested. Although more tests would

have provided a larger data base, it is believed that the tests which were

conducted would adequately address the NRC Appendix K, 1OCFR50.46, steam

cooling and flow blockage rule.
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APPt'LtlX A

BLOCKAGE SLEEVE SELECTION

A-i. INTRODUCTION

Paraqraphs A-2 and A-3 are reprinted from appendix C of the 21-rod bundle data

and analysis report,(1 which details the selection of the lonq. nonconcen-
tric sleeve for use in the 163-rod blocked bundle. The blockaqe sleeve selec-

tion was based on the test data from the following four 21-rod bundle configu-

rations:

o Configuration A - unblocked

o Configuration C - 21-rods blocked coplanar, short sleeves

o Configuration D - 21-rods blocked noncoplanar, short sleeves

o Configuration E - 21-rods blocked noncoplanar, long sleeves,
36-percent peak strain

The sleeve selection was also based on the COBRA code flow redistribution cal-

culations for the two 21-rod bundle blockage islands, as illustrated in figure

A-i. The following paragraphs describe the COBRA results, the projected heat

transfer in the 163-rod blocked bundle, and the estimated rod temperature rise

in the 163-rod blocked bundle.

The long, nonconcentric blockage sleeve with 36-percent peak strain was found

to provide the highest temperature rise in the large blocked bundle. However,

to provide more flow blockage in the 163-rod bundle, the PMG agreed to in-
crease the peak strain for the nonconcentric sleeve to 44 percent. To provide

test data for the 44-percent peak strain sleeve without flow bypass, a sixth

21-rod bundle configuration (F) was subsequently tested.

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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A-2. FLOW DIVERSION IN 163-ROD BUNDLE WITH BLOCKAGE

The sleeve choice should be based on resulting heat transfer in tests with

enough bypass flow area to allow fluid bypass. The tests of the 21-rod bundle

do not provide bypass flow area. Therefore, flow diversions in the large

bundle with blockage islands (figure A-l) were calculated using COBRA-IV-I to

estimate the heat transfer coefficients in the large bundle as described

below. COBRA simulations of this large bundle were performed on half of the

bundle to take advantage of bundle symmetry. All the simulation conditions

were the same as those of the 21-rod bundle except for the channel and gap

addresses. There were also slight changes in flow blockage factors for the

peripheral subchannels of the blockage islands, since there was excess flow

area in the peripheral subchannels of the 21-rod bundle.

The results, shown in figures A-2 through A-5, show clearly that flow

diversion from the blockage islands is important. Figure A-2 shows the total

flow rate ratios in the blocked island, figure A-3 shows the total flow rate

ratios just outside the blocked island, and figures A-4 and A-5 show the total

flow rate ratios one and two rows away from the blocked islands, respectively.

A-3. ESTIMATION OF HEAT TRANSFER COEFFICIENTS IN THE LARGE BUNDLE

The heat transfer coefficients in the large bundle with the partial blockages

can be estimated using the following relationship:

• (AUIh(i.Z~x.163) =Ne U(i.Z.x.163) (A-1)
h(iZ.Al163) U(iZ,A,163)

where

i rod identification

Z axial elevation

x type of blockage

C - coplanar short sleeve

0 - noncoplanar short sleeve

E - noncoplanar long sleeve

67OlX:1/061583A3 A-3
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A = unblocked bundle

163 = 163-rod bundle

h = heat transfer coefficient

Ne = enhancement factor

U = velocity

m = exponent (0.6-0.8)

The velocities in equation (A-1) are calculated by COBRA and the enhancement

factor can be calculated from the 21-rod bundle test data, assuming that the

factor is the same for both bundles. That is,

Ne(i,Z,x,1 6 3) a Ne lZx,21)

= __________ U(iZx 2 1)1 m (A-2)
hli,Z,A,2) / hl(iZ,A,21)

Since the heat transfer coefficients in the unblocked large bundle are

available, equation (A-1) permits calculation of the expected heat transfer

coefficients in the large bundle with blockages. A schematic diagram of the

procedure used to obtain the heat transfer ratios is shown in figure A-6.

Some of the results of the reference tests using the constant 0.8 as the

exponent m are shown in figure A-7 for the blockage islands corresponding to

bundle configurations C, D, and E. (Configuration C is considered to discern

the sleeve distribution effect.) The figures show that the enhancement

factors reach a peak during the first 20 to 30 seconds and then decrease to a

fairly uniform value. It appears that the blockage effects on heat transfer

during these two periods are different from each other. Comparisons of heat

transfer among the three bundles at early and late times in the test are shown

in table A-i. The comparisons of the heat transfer are summarized as follows:

o For later times (>30 sec), below 1.98 m (78 in.), configuration
E is the lowest for all inner thermocouples (thermocouples on
the inner nine rods). Configuration E is generally the lowest
for outer thermocouples, in most cases.

o For early times (<30 seconds), many cases show D<E.
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TABLE A-1

CALCULATED HEAT TRANSFER COMPARISONS

-aD
(A

Run 42430A Run 42606A Run 43112A Run 42804A

28 mm/sec 23 mm/sec 28 mm/sec 12 mm/sec

(1.1 in./sec) (0.91 in./sec) (1.1 in./sec) (0.52 in./sec)

0.28 MPa 0.28 MPa 0.14 MPa 0.28 MPa

(40 psi) (40 psi) (20 psi) (40 psi)

Elevation .

Rod [m (in.)) Early Later Early Later Early Later Early Later

20 1.88(74) EfD<C E<D=C E<D<C E<D<C D=E<C E<C<D E<D<C E<C<D

20 1.96(77) EtD=C E<DmC EmDmC E<D<C DeCmE E<C<D E=D<C E<D=C

4C 1.98(78) -- E<D<C -- E<D<C -- E<D<C -- E<D=C

38 1.98(78) C=D<E E<D<C D<C<E E<D<C D<C<E E<D<C E=D=C E=D=C

3C 1.98(78) C<D=E E<D<C D=C=E E<D<C D=C=E E<D<C C<DmE E<C=D

3D 2.13(84) C*D<E E<DmC D<C<E ? D<C<E E<C<D C=D<E C<E=D

2C 2.29(90) D<C=E D=C=E D<E<C C<E=D D<C<E D=C=E D<C=E 0<C<E

38 2.29(90) C<D=E E<D<C D<C<E D<E<C D=C<E DeCeE E<D=C E<D<C

38 2.44(96) -- E<D<C -- E<D<C -- E<C<D -- E=C=D

5C 2.44(96) CmD=E C=D=E D=C=E DeCmE C=D<E E<C<D -- E=C=D

1C 2.59(102) E<C<D -- E<C<D -- E<C<D -- E=CmD

3D 2.82(111) -- DeC=E -- DOCtE D=CD E -- C=E=D

4C 2.82(111) -- E-D<C -- D<E<C -- E<D<C -- C=E=D

10 1.90(75) ED&C E<C<D -- E<D<C E=C=D E<C<D E<C<D E<C<D

50 1.90(75) D<C<E E<C<D D=C<E E<D<C D<C<E E<C<D E<C<D E<D<C

4A 1.93(76) C<D<E E=C<D C<D<E E=D=C C<D<E E=C<D E<C=D E<D=C
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TABLE A-1 (cont)

CALCULATED HEAT TRANSFER COMPARISONS

Run 42430A Run 42606A Run 43112A Run 42804A
Elevation

Rod [m (in.)] Early Later Early Later Early Later Early Later

1D 1.96(77) C<D<E E*C=D E<D<C E=C=O .D=C<E EUC<D C<D=E E<D<C

2D 1.96(77) E=D=C E<D<C D<E<C E<D<C DzC=E E<C<D D=E<C E<D<C
5D 1.96(77) C<D<E E=C<DIN C<D<E E=D<C C=D<E C=E=D E=D<C E=D=C
4A 1.98(78) C<D<E C<E<D C<D<E C=E=D C<D<E C<E<D C<D<E C<D<E
4E 1.98(78) C<E E<C C<E E<C C<E C=E C<E C<E
1C 2.13(84) C<E<D D<E<C E=C E=C C<E E=C C<E C<E
2B 2.13(84) C<E E=C D<C<E -- D=C=E O<C=E D<C<E O<C<E

40 2.13(84) EMC E<C EmC E<C C<E E<C ....

SB 2.13(84) C=EQD EUC<O -- E<D<C D<C<E E<C<D D=E<C D=C=E

2E 2.29(90) C<E<D E=C=D C<D<E C<D<E C<E<D C<D=E C<E<D

3A 2.29(90) CUD CUD .... CUD CUD C<D D<C

30 2.29(90) E=C E<C E=C C<E C<E CUE C<E C<E
48 2.29(90) D<C<E E<D<C D<C<E E=D<C D<C<E E<DUC D<C<E
5C 2.29(90) C=O<E E<C<D E=OmC E=u=C C=D<E C=E<D C<E=D C=EwD
3E 2.29(90) C<E<D C<E<D E<O E<D O<E E<O E<D E<D
1C 2.44(96) C<D<E E<C<D C=DmE C=D=E C=E=D C=E<D C<E=D C<D<E
2E 2.44(96) C<E<D C<E<D C<E<D C<E<D C<E<D C<E<D C<D=E C=E<D
3D 2.44(96) E=C=D E=C=D E=D=C C<D<E 0<C<E C=E<D E<C<D C<D=E
4D 2.44(96) ...... C<E CUE CuE -- E=C

-I
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TABLE A-1 (cont)
CALCULATED HEAT TRANSFER COMPARISONS

Run 42430A Run 42606A Run 43112A Run 42804A
Elevation

Rod [m (in.)] Early Later Early Later Early Later Early Later

sB 2.44(96) D<E<C D<E<C E=D<C D=E<C D<E<C E<C<D D<E<C D<C<E
10 2.59(102) -- D<E<C -- D<E<C D<E<C D=E<C -- D<C<E

2C 2.59(102) -- E<D -- E<D -- E<D -- E=D
4B 2.59(102) -- E<D<C -- E<C=D -- E<C<D -- CmEwD
5B 2.59(102) -- E=D -- E<D -- E<D -- E<D

5D 2.59(102) .... D<C<E .... E=CtD -- E<C=D

2A 2.82(111) E<D E<D E<D E<D E<D E<D ....

4E 2.82(111) C<E C<E C<E C<E C<E C<E -- C=E
iC 3.05(120) -- D<C<E -- D<E=C -- D=C=E ....
1D 3.05(120) -- E<D<C -- E<D<C -- D<E<C ....

2C 3.05(120) -- C<E<D -- CmDtE -- CmE<D ....

48 3.05(120) ...... E<D<C -- E<C<D ....

5B 3.05(120) -- C<D<E ..........

5D 3.05(120) ........ C<D<E ....

U.



o At 1.88 m (14 in.), where all cases have blockage. E is the
lowest even during the early time.

o At 1.96 m (77 in.), usually D=E for the early time period.

o During the early period above 2.59 m (102 in.), the ratios
oscillate. This is possible due to small-magnitude errors in
the heat transfer coefficient.

0 At the later time for 2.59 m (102 in.), E is the lowest except
at rod 10.

o At 2.82 and 3.05 m (111 and 120 in.), trends are mixed.

Because of the observed contradictory behavior between the two periods, it was

not immediately clear which sleeve should be chosen. To resolve this diffi-

culty, it was necessary to learn the effect of the early-period behavior on

the peak clad temperature up to the turnaround time, because this is the most

important period. This can be done by calculation of the clad temperatures or

temperature rises by constructing expected temperature histories in the large

bundle, as discussed below. In the following discussion, only blockage con-

figurations 0 and E are considered, since it was found that configuration C

blockage usually did not give poorer heat transfer.

A-3. ESTIMATION OF TEMPERATURE HISTORY IN LARGE BUNDLE

Assuming that each rod is homogeneous radially, for simplicity, a one-

dimensional heat balance equation can be written as

dT O
Ap Cp Q= - hS (T - Tsat) (A-3)

where

A = rod cross-sectional area

p = rod density

C = rod heat capacity

T temperature

t = time
Q heat generation rate

671OX:lb/081583 A-16



h heat transfer coefficient at rod surface

S rod peripheral length

Tsat = saturation temperature

The terms ApCp and S can be estimated using the rod design information

and Q' from the rod design and power decay factor curve. The heat transfer

coefficient can be estimated by

h(t) = (hb)1 63 = ho 161 (ho) (A-4)

where h is the heat transfer coefficient in an unblocked bundle. In equa-

tion (A-4), h should ideally be taken from the large unblocked test, but

unfortunately there were only two overlapping test conditions at a flooding

rate of approximately 25 mm/sec (1 in./sec). For these two cases, h(t) was

estimated by using (h 0 )1 6 1 . Four other cases were also studied using the

heat transfer coefficient obtained from the 21-rod bundle, configuration A

test. The results are compared in table A-2. Actual temperature rise

information is provided in tables A-3 through A-8.

These results show that, in most cases, blockage In configuration E will give

a higher temperature rise in the large bundle. Therefore, the long nonconcen-
tric sleeve is expected to provide poorer heat transfer than the short concen-

tric sleeve.

Figure A-8 plots the measured turnaround time versus the flooding rates. As

expected, the lower the flooding rate, the longer the turnaround time. The

longer turnaround time means more significant contribution of the later period

effect, Un which configuration E consistently showed poorer heat transfer.

Therefore, it is concluded that the long nonconcentric sleeve should be used

for the large bundle tests.

6701X:lb/0B1583 AlA-17
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TABLE A-2

SUMMARY OF TEMPERATURE RISE COMPARISONS

FOR LARGE BUNDLE WITH PARTIAL BLOCKAGE

Number of Number of Number of

Flooding Thermocouples Thermocouples Thermocouples

Rate Source of Where ATE Where ATD Where AT

[mm/sec Pressure h0 (bundle) >ATD >ATE -ATE(a9

1.1 0.28 (40) 1 6 1 (b) 11 1 3

1.1 0.14 (20) 1 6 1 (b) 11 0 1

1.1 0.28 (40) 21 9 3 3

1.1 0.14 (20) 21 4 5 6

0.9 0.28 (40) 21 11 3 1

0.5 0.28 (40) 21 8 3 4
-o

a.

b.

Within l1°C (20°F)

Considering 21-rod is land corresponding to 21-rod bundle tests



TABLE A-3

CALCULATED TEMPERATURE RISES,

CASE 1(a)

0 Island E Island

Elevation AT AT

Rod [m (in.)] Channel [OC(OF)] Channel [OC(OF)]

2D 1.88 (74) 50 238.1 (428.7) 39 342.6 (616.8)

10 1.90 (75) 61 305.2 (549.4) 44 353.2 (635.9)

5D 1.90 (75) 68 295.0 (531.1) 46 323.0 (581.4)

4A 1.93 (76) 18 257.6 (463.7) 51 286.4 (515.5)

10 1.96 (77) 82 268.5 (483.4) 58 297.6 (535.1)

2D 1.96 (77) 84 176.2 (317.2) 61 272.2 (490.0)

5D 1.96 (77) 89 266.5 (479.1) 66 274.8 (494.7)

3B 1.98 (78) 96 210.5 (379.0) 71 234.6 (422.4)

3C 1.98 (18) 97 190.1 (356.6) 72 262.5 (472.6)

4A 1.98 (78) 100 257.1 (462.9) 73 257.4 (463.4)

3D 2.13 (84) 115 266.5 (479.1) 98 292.1 (527.0)

5B 2.13 (84) 117 220.6 (397.2) 103 322.1 (579.9)

2C 2.29 (90) 122 367.4 (661.3) 111 341.1 (614.1)

2E 2.29 (90) 123 375.0 (675.0) 113 395.4 (711.8)

38 2.29 (90) 125 344.2 (619.6) 115 350.1 (630.3)

SUMMARY

(AT)E>(AT)D (AT)D>(AT)E (AT)O=(AT)E

11 1 3

a. (h o)161

27.9 mm/sec (1.1 in./sec) flooding rate

0.28 MPa (40 psi) pressure

6701X:1/061583 A-1 9



TABLE A-4

CALCULATED TEMPERATURE

CASE 2 (a)
RISES,

0 Island E Island

Elevation AT AT

Rod [m (in.)] Channel [(C(OF)) Channel [OC(OF)]

2D 1.88 (74) 50 179.1 (322.4) 39 317.5 (571.6)

10 1.90 (75) 61 283.3 (510.0) 44 393.2 (707.9)

50 1.90 (75) 68 310.4 (558.7) 46 369.4 (664.9)

4A 1.93 (76) 78 262.8 (473.1) 51 291.6 (525.0)

10 1.96 (77) 82 179.6 (323.4) 58 --

20 1.96 (77) 84 132.4 (238.4) 61 168.0 (302.4)

50 1.96 (77) 89 213.2 (416.2) 66 293.0 (527.5)

38 1.98 (78) 96 148.7 (267.6) 71 --

3C 1.98 (78) 97 129.4 (232.9) 72 --

4A 1.98 (78) 100 210.0 (378.0) 73 240.1 (432.2)

3D 2.13 (84) 115 197.1 (355.9) 98 246.1 (443.0)

5B 2.13 (84) 117 160.2 (288.3) 103 275.5 (499.6)

2C 2.29 (90) 122 250.5 (450.9) 111 262.9 (473.3)

3E 2.29 (90) 123 274.7 (494.5) 113 390.1 (702.3)

3B 2.29 (90) 125 255.1 (405.2) 115 364.2 (655.6)

SUMMARY

(AT)E>(AT)0 (AT)D>(AT)E (AT)D=(AT)E

11 0 1
__________________________________________________________ ._________________________ __________________________________________________________

a. (h0)161

27.9 mm/sec (1.1 ln./sec) flooding rate

0.14 MPa (20 psi) pressure
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TABLE A-5

CALCULATED TEMPERATURE

CASE 3(a)
RISES,

D Island E Island

Elevation AT AT

Rod [m (in.)] Channel [*C(OF)] Channel [OC(OF)]

20 1.88 (74) 50 141.3 (254.3) 39 215.1 (387.2)

10 1.90 (75) 61 152.8 (275.1) 44 302.4 (364.3)

5D 1.90 (75) 68 164.3 (295.7) 46 189.0 (340.2)

4A 1.93 (76) 78 135.2 (243.3) 51 149.4 (269.0)

10 1.96 (77) 82 147.9 (266.3) 58 171.3 (308.4)

20 1.96 (77) 84 109.7 (197.4) 61 171.3 (308.3)

50 1.96 (77) 89 161.9 (291.5) 66 158.7 (285.7)

3B 1.98 (78) 96 153.9 (277.0) 71 145.7 (262.2)

3C 1.98 (78) 97 161.1 (290.0) 72 188.9 (340.0)

4A 1.98 (78) 100 158.8 (285.8) 73 137.8 (248.0)

30 2.13 (84) 115 169.0 (304.2) 98 147.8 (266.1)

58 2.13 (84) 117 135.4 (243.6) 103 157.3 (283.1)

2C 2.29 (90) 122 212.4 (382.3) 111 179.3 (322.7)

2E 2.29 (90) 123 147.7 (265.8) 113 180.5 (324.9)

38 2.29 (90) 125 184.0 (331.2) 115 189.0 (340.2)

SUMMARY

(AT)E>(AT)D (AT)D>(AT)E (A)=(AT)

9 3 3

a. (h0)161

27.9 mm/sec (1.1 in./sec) flooding rate

0.28 MPa (40 psi) pressure
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TABLE A-6

CALCULATED TEMPERATURE RISES.

CASE 4 (a)

D Island E Island

Elevation AT AT

Rod [m (in.)] Channel [°C(°F)] Channel [°C(°F)]

20 1.88 (74) 50 127.6 (229.7) 39 182.9 (329.3)

10 1.90 (75) 61 143.0 (257.4) 44 188.6 (339.6)

50 1.90 (75) 68 165.0 (297.0) 46 166.8 (300.2)

4A 1.93 (76) 78 134.5 (242.2) 51 140.9 (253.6)

10 1.96 (77) 82 139.7 (251.5) 58 148.0 (266.5)

20 1.96 (77) 84 130.2 (234.4) 61 145.0 (261.0)

50 1.96 (77) 89 162.7 (292.8) 66 134.4 (242.0)

3B 1.98 (78) 96 148.4 (267.1) 71 118.6 (213.5)

3C 1.98 (78) 97 154.6 (278.3) 72 154.2-(277.5)

4A 1.98 (78) 100 154.9 (278.9) 73 125.0 (225.0)

30 2.13 (84) 115 135.4 (243.7) 98 91.6 (164.9)

58 2.13 (84) 117 125.0 (225.1) 103 119.9 (215.8)

2C 2.29 (90) 122 161.0 (289.8) 111 109.8 (197.7)

2E 2.29 (90) 123 126.2 (227.1) 113 126.2 (227.1)

3B 2.29 (90) 125 144.0 (259.3) 115 171.3 (308.4)

SUMMARY

(AT)E>(AT) 0  (AT)D>(AT)E (AT)0=(AT)E

4 5 6

a. (ho)21

27.9 mn/sec (1.1 in./sec) flooding rate

0.14 MPa (20 psi) pressure
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TABLE A-7

CALCULATED TEMPERATURE RISES,

CASE 5 (a)

D Island E Island

Elevation AT AT

Rod [m (in.)] Channel [OC(OF)] Channel [OC(°F)]

2D 1.88 (74) 50 200.1 (360.2) 39 305.2 (549.5)

1D 1.90 (75) 61 213.1 (383.7) 44 285.6 (514.2)

50 1.90 (75) 68 224.4 (400.4) 46 295.1 (531.3)

4A 1.93 (76) 78 188.5 (339.3) 51 224.0 (403.3)

1D 1.96 (77) 82 196.0 (352.8) 58 328.1 (590.6)

2D 1.96 (77) 84 191.6 (344.9) 61 178.9 (322.1)

5D 1.96 (77) 89 215.4 (387.7) 66 288.6 (519.5)

3B 1.98 (78) 96 210.5 (379.0) 71 173.8 (312.9)

3C 1.98 (78) 97 222.2 (400.0) 72 160.8 (289.5)

4A 1.98 (78) 100 215.7 (388.3) 73 238.5 (429.4)

3D 2.13 (84) 115 259.8 (467.6) 98 282.6 (508.8)

58 2.13 (84) 117 204.3 (367.8) 103 314.7 (566.6)

2C 2.29 (90) 122 309.1 (556.5) 111 218.5 (393.4)

2E 2.29 (90) 123 210.6 (379.2) 113 232.1 (417.9)

3B 2.29 (90) 125 269.3 (484.7) 115 288.2 (518.8)

SUMMARY

(AT)E1>(AT)D (AT)D>(AT)E (A1)D=(AT)

113

a. (ho )21

23 mm/sec (0.9 in./sec) flooding rate

0.28 MPa (40 psi) pressure
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TABLE A-8

CALCULATED TEMPERATURE RISES,

CASE 6(a)

0 Island E Island

Elevation AT AT

Rod [m (in.)] Channel [°C(°F)] Channel [°C(°F)]

20 1.88 (74) 50 80.8 (145.4) 39 131.2 (236.2)

1D 1.90 (75) 61 84.3 (151.7) 44 114.8 (206.7)

5D 1.90 (75) 68 82.3 (148.2) 46 105.2 (189.3)

4A 1.93 (76) 78 63.2 (113.8) 51 82.9 (149.3)

1D 1.96 (77) 82 81.5 (146.7) 58 86.3 (155.3)

20 1.96 (77) 84 77.1 (138.8) 61 93.3 (168.0)

5D 1.96 (77) 89 76.9 (138.5) 66 78.9 (142.0)

3B 1.98 (78) 96 81.4 (146.5) 71 81.1 (146.0)

3C 1.98 (78) 97 85.8 (154.4) 72 101.2 (182.2)

4A 1.98 (78) 100 85.2 (153.4) 73 69 (125)

3D 2.13 (84) 115 171.3 (308.3) 98 147.1 (264.8)

58 2.13 (84) 117 136.0 (244.8) 103 136.9 (246.4)

2C 2.29 (90) 122 177.8 (320.0) 111 145.8 (262.4)

2E 2.29 (90) 123 158.5 (285.4) 113 171.1 (308.1)

38 2.29 (90) 125 155.7 (280.2) 115 219.3 (394.7)

SUMMARY

(AT)E>(AT)O (AT)D>(AT)E (AT)D=(AT)E

8 3 4

a. (ho)21

23 mm/sec (0.9 in./sec) flooding rate

0.28 MPa (40 psi) pressure

6701X: 1/061583 A-24
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APPENDIX B

THIMBLE AND GRID EFFECTS ON BURST

B-1. GENERAL

This appendix provides the analyses of Westinghouse multirod burst tests( 1 )

and the grid effect on the Westinghouse mean temperature calculation.

B-2. EFFECT OF HEATING METHOD ON BURST AND BALLOONING SHAPES IN

OUT-OF-PILE LOCA SIMULATIONS

It has been well established by ANL(2) and others that local temperature

differences are extremely important in determining the size and shape of rod

ballooning and burst under LOCA conditions.

In a reactor, local temperature variations result from many sources, such as

pellet enrichment differences, local gap average differences, random cracking

and radial redistribution, and pellet radial offset. In addition to these rod

internal effects, external heat transfer considerations are also important.

Among these are local crud patches and radiant losses to relatively cold

sinks, such as control rod thimbles.

To properly simulate these effects out of pile is very difficult and requires

compromises. Three principal methods have been used by various investigators:

o Direct heating of the clad by electrical resistance or induction
heating with or without internal mandrels or pellet columns

o External radiant heating of the clad with internal mandrels or
pellet columns

o Internal electrical heaters with or without annular pellets
between the heater and clad

1. Schreiber, R.E., et al., nPerformance of Zircaloy-Clad Fuel Rods During a
Simulated Loss-of-Coolant Accident -- Multirod Burst Tests," WCAP-7495-L,
April 1970.

2. *Light-Water-Reactor Safety Research Program: Quarterly Progress
Report -- January-March 1977." ANL-77-34, June 1977.
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Direct heating of the clad by induction or resistance heating has a tempera-

ture smoothing effect not typical of nuclear-heated rods. That is, the local
heat deposition is a function of the mass of the clad, whereas heat loss to

the environment is a function of surface area. If a hot spot develops in a

joule-heated rod and the clad swells locally, the wall thickness decreases,

thus increasing local resistance and shunting the electrical current to the

cooler, less deformed side of the rod. At the same time, the increased sur-

face area of the bulge is radiating more heat to the environment. The net
result is a negative feedback function which produces a more uniform clad

temperature distribution and thus larger strains.

The net effect of induction heating is the same as that of Joule heating, al-

though the reason for power shifting is different.

External radiant heating does not have the same problems as direct clad

heating; however, for this type of heating, the only sink for temperature is

the internal mandrel or pellet. These heat sinks are also available to the

direct-heated clad and produce the same results. If pellets are used, the
random stacking will produce significant and very localized clad temperature

differences in both the axial and circumferential directions.t 1 ) This is
well illustrated by figure B-1 (taken from ANL-77-34). If an internal mandrel

is used and it is slightly nonconcentric to the cladding, the heat loss from

the cladding to the mandrel will be greater on the side with minimum clad-to-
mandrel gap. This will produce a circumferential temperature gradient in the

cladding. Below about 9006C (16500F), Zircaloy strains anisotropically and

will bow because of the greater strain on the hot side. The direction of the

bow will be concave on the hot side. The hot side will thus move toward the

mandrel, increasing heat loss on that side. This is a stabilizing mechanism

and results in larger strains, at least in the lower temperature range.

The randomness of pellet stacks and thus clad hot spots prevents gross bowing

for tests using pellet stacks. Hence, this mechanism is not present to the

same degree for those tests with pellet stacks.

1. Motley, F.E., et al., *T he Effect of l7xl7 Fuel Assembly Geometry on
Interchannel ihermal Mixing,. WCAP-8299, March 1974.
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Nonuniform Brightness of Cladding Specimen
Containing A20 3 Pellets due to Axial and
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If rigid internal heaters are used in burst tests, they act in a manner sim-

ilar to mandrels except that the heat flow is from mandrel to clad. Clad hot

spots will tend to coincide with minimum gaps. The concave bowing of alpha

Zircaloy will then reduce the gap on the hot side, creating a self-enhancing

reaction.

This results in large circumferential temperature variations and thus low

swelling and burst strains; however, the alignment of the hot side close to

the heater promotes axial extension of the ballooning, since there is less

probability of cold ligaments to localize straining.

Although it is believed that of all the test methods described, the use of

internal heaters produces the most prototypical amount of circumferential

strain, it tends to produce longer, more gradual axial shapes. From the

standpoint of axial shape, the use of externally radiant-heated rods with

internal pellets gives the best simulation of nuclear heating.

The effect of radiant losses on localizing strain was examined by reviewing

Westinghouse multirod burst test results. The 4x4 test bundles contained two

unheated thimbles. The direction of the burst of rods which were laterally or

diagonally adjacent to the unheated thimbles was evaluated. Of 68 bursts ob-

served, only three burst in a direction within 45 degrees of the thimbles.

For random direction bursting, the expected number would be 17. A frequency

this low has a probability of about 7xlO6. This demonstrates that the heat

transfer between thimbles and adjacent rods is a significant factor in deter-

mining circumferential temperature distribution in adjacent rods and thus in

both the magnitude and direction of the strain.

In a Westinghouse 170x7 assembly, 68 percent of the fuel rods are adjacent to

a thimble. In a Westinghouse 15x15 assembly, the ratio is 60 percent.

B-3. EFFECT OF GRID ON AXIAL TEMPERATURE DISTRIBUTION DURING LOCA

The axial temperature distribution for a fuel rod during LOCA determines the

location of blockage due to rod bursting. This axial distribution is affected

6101X:lb/081583 B-4



by the presence of spacer grids, because of local power depressions and hy-

draulic effects.

For Westinghouse Inconel grids, the power depression has been determined near

the peak power locations by analysis of gamma scans from irradiated commercial

fuel rods.

For a large-break LOCA in which fuel rods are calculated to burst shortly

after the end of blowdown, the perturbation in local clad temperature due to a

perturbation in local power has been determined to be 66C (116F) per percent

&p/p for a 17xl7 three-loop plant.

The following shows the perturbation in power and the corresponding tempera-

ture perturbation as a function of distance from the center of a grid:

Distance From Grid Center

[cm (in.)]

0 (0)
2.5 (1)
5.1 (2)
7.6 (3)

10 (4)

%Ap/p

8
5

2

0.5

0

AT

['C ("F)]
49 (88)

31 (55)
12 (22)

3.1 (5.5)

0 (0)
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APPENDIX C

FACILITY DRAWINGS

Drawings applicable to the 163-rod blocked bundle facility are listed below

and, except for figures 4-1 and 4-7, are reproduced on the following pages.

Figure

Figure

Figure

Figure

Figure

Figure

Figure

No.

4-1

4-7

C-1

C-2

C-3

C-4

Title

Forced and Gravity Reflood Configuration Flow Diagram

163-Rod Blocked Bundle Task Loop Instrumentation

FLECHT SEASET 163-Rod Blocked Bundle Filler
Strips (2 sheets)

Figure C-5

Figure C-6

Figure C-7

Figure C-8

Figure C-9

Figure C-10

Figure C-11

Figure C-12

Figure C-13

Figure C-14

FLECHT SEASET

FLECHT SEASET

FLECHT SEASET
(3 sheets)

FLECHT SEASET
(4 sheets)

FLECHT SEASET

FLECHT SEASET
Nonconcentric

FLECHT SEASET

FLECHT SEASET
Mass Housing

Grid Strap Assembly

Blocked Bundle Heater Rod

163-Rod Blocked Bundle Assembly

163-Rod Blocked Bundle Steam Probe

163-Rod Blocked Bundle Thimble

21-Rod Test (44-Percent Strain)

Flow Blockage Sleeve

Low Mass Housing Assembly

161-Rod Blocked Bundle Low

FLECHT SEASET 161-Rod Blocked Bundle Facility
Housing Lateral Brace

FLECHT SEASET 161-Rod Blocked Bundle Facility
Upper Plenum

FLECHT SEASET 161-Rod Blocked Bundle Facility
Lower Plenum

FLECHT SEASET 161-Rod Blocked Bundle Facility
Carryover Tank

FLECHT SEASET Facility Modified 0.1 m (4 in.)
Type T Steam Separator

671OX:lb/081583 C-C-1



Figure C-15

Figure C-16

Figure C-17

Figure C-18

FLECHT SEASET 161-Rod Blocked Bundle Piping
Details V

FLECHT SEASET 161-Rod Blocked Bundle
Oowncomer and Crossover Leg Piping

FLECHT SEASET 163-Rod Blocked Bundle Heater
Rod and Instrumentation Thimble Arrangement

FLECHT SEASET 163-Rod Blocked Bundle
Instrumentation Components (2 sheets)

6"/01X:lb/O81583 C-2







































































































APPENDIX D

INVESTIGATION OF LOW ISOLATION RESISTANCE

IN HEATER ROD THERMOCOUPLES

During the initial Westinghouse inspection of the FLECHT SEASET 163-rod

blocked bundle heater rods, it was determined that approximately half the in-

strumented rods had thermocouples with lead-to-sheath isolation resistances

less than the minimum specified 1 megohm. Since this condition had not been

found in earlier 21-rod bundle heater rods, there was concern over how it

would the affect thermocouple failure rate in the blocked bundle.

The low isolation resistance was believed to have been caused by improper

application of sealant material to the ends of the thermocouple leads by the

heater rod manufacturer, in conjunction with exposure of the heater rods to

environments of higher than normal humidity during handling and storage. This

situation allowed moisture to penetrate the end seal and migrate through the

magnesium oxide insulation material, and resulted in the low lead-to-sheath

resistance.

Attempts to dry out the thermocouple leads with a heat gun and reseal the

thermocouple ends met with limited success. A number of thermocouples which

exhibited satisfactory isolation resistance after dryout again showed low re-

sistance (less than 1 megohm) when rechecked at a later date. This prompted

an investigation into the thermocouple sealant materials. The results of the

investigation showed that Sealstik, manufactured by Cole Parmer, outperformed

Duco cement, Micro Measurements H-Coat D and A, and Hardman Epoweld 8173 fast-

drying epoxy. H-Coat D had been utilized by Westinghouse. Conversations with

both the heater rod manufacturer and the thermocouple manufacturer (Claud S.

Gordon Company) confirmed Westinghouse experience that, after a period of

time, all sealants will admit some moisture. Seal welding of the cold end is

the only way to prevent moisture migration into the thermocouple.

The Claud S. Gordon Company's specification for isolation resistance, at time

of manufacturing, is 5 megohm at 50 vdc. The Westinghouse specification for

thermocouple isolation resistance (1 megohm) was based on past experience, and
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was readily obtainable by the heater rod mat

rod. Both the heater rod manufacturer and

consulted on low isolation resistance in the

moisture. Although no minimum thermocouple

fied, the consensus was that thermocouple 1

presence of moisture in the MgO insulation

couples would dry out as they were heated di

Based on the above findings, no further pret

performed on the heater rod thermocouples.

in the test section, thermocouple isolation

installing connector plugs. If resistance w

back until isolation resistance improved to

heater rod thermocouple isolation resistance

10-percent posttest sampling was selected at

resistances were recorded. (Only 10 percent

since the thermocouple failure rate was onl

D-1 shows the comparison between pretest ant

resistances of the sampled heater rods. A

general, the isolation resistance of the thi

course of the test program, a fact which coi

generated heat does tend to drive moisture

increase of approximately 1 megohm was seen

readings; however, there were notable except

rod 33).

iufacturer after assembly of the

the thermocouple manufacturer were

ermocouples due to the presence of

isolation resistance was speci-

ife would not be decreased by the

and in their opinions, the thermo-

iring testing.

bundle assembly dryout work was

However. after bundle installation

resistance was measured prior to

ias low, the thermocouple was cut

at least 0.2 megohm. All pretest

? measurements were recorded. A

id final thermocouple isolation

t of the thermocouples were chosen,

V approximately 3 percent.) Table

d posttest thermocouple isolation

review of the data shows that, in

ermocouples increased over the

ifirmed the assumption that bundle-

from the thermocouples. An average

between pretest and posttest

tions to this trend (see data for

Of the thermocouples examined (table 0-1), two were considered to have failed

during the course of the test program (rod 6D, 2.03 m (80 in.) and 2.44 m (96

in.) elevation thermocouples]. A thermocouple was considered to have failed

when it did not respond to changes in temperature or when it exhibited excep-

tionally noisy, erratic, or atypical behavior. When a thermocouple was con-

sidered failed, its input to the computer data acquisition system was shorted

so that data were not misinterpreted and erroneous safety trips did not occur.

Neither of these failures can be attributed to low isolation resistance, since

both thermocouples had initial readings greater than 1 megohm and exhibited an

6701X:lb/081583 D-2



increased isolation resistance after testing. Furthermore, of the 13 heater

rod thermocouples that failed during testing (3 percent of the total), the

average pretest isolation resistance was 5.7 megohms. (The lowest reading was

0.75 megohm.) This would indicate that the failure was probably due to high

temperature cyclic fatigue, as expected, and not to low initial isolation

resistance caused by moisture in the thermocouples.

In conclusion, based on pre- and posttest thermocouple isolation resistance

measurements and the low number of thermocouple failures experienced during

the blocked bundle test program, it is Judged that thermocouple isolation

resistances as low as 0.2 megohm can be tolerated without significantly

increasing the heater rod thermocouple failure rate.
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TABLE D-1
SAMPLE PRETEST AND POSTTEST THERMOCOUPLE ISOLATION RESISTANCE COMPARISON

Isolation Resistance at Indicated Rod Location (mll)

Thermocouple 9C 33 101 60 9G 12F
Elevation
Im (in.)) Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest Pretest Posttest

0.30 (12) 0.55 0.17 1.70 0.50 2.20 0.80
0.60 (24) >20 0.78
0.91 (39) 0.28 0.61 1.26 0.74 1.10 0.55
1.22 (48) >20 0.85
1.52 (60) 1.30 0.34 1.30 0.60
1.70 (67) 0.29 0.17 0.71 9.50 0.74 0.52
1.83 (72) 0.36 0.20 1.14 0.20
1.88 (74) 0.50 3.60 0.47 1.13
1.90 (75) 1.17 0.39
1.93 (76) 0.39 1.80 1.28 9.10
1.96 (77) 2.50 2.00
1.99 (78) 0.31 0.96 0.78 1.80 5.50 0.68 2.10 1.02
2.03 (80) 1.85 1.80 1.37 2.60 1.77 >20
2.13 (84) 0.80 1.90
2.18 (86) 0.83 1.70 0.77 0.92
2.29 (90) 1.43 1.60 1.59 1.44 2.80 1.65
2.44 (96) 0.72 2.60 1.30 1.98
2.59 (102) 1.18 1.88
2.82 (111) 0.76 1.40 4.12 >20 2.10 1.38
3.05 (120) 7.30 >20 1.48 1.28 2.60 0.94
3.35 (132) 2.00 1.24
3.51 (138) 1.80 2.12

01
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APPENDIX E

BUNDLE STEAM PROBE RESPONSE

E-1. INTRODUCTION

The following three types of instruments were utilized in the 163-rod blocked

bundle to measure the nonequilibrium vapor temperatures:

/

0

0

0

17 thimble tube aspirating steam probes

10 subchannel self-aspirating steam probes

14 subchannel unshielded thermocouples

The thermal response of each of the instruments is addressed in paragraphs E-2

and E-3. The data from the following three tests with various peak power to

flow ratios is shown:

Test Run Conditions

61314

61005

61607

39.1 mm/sec (1.54'in./sec) at 1.3 kw/m (0.4 kw/ft)

38.9 mm/sec (1.53 in./sec) at 2.30 kw/m (0.7 kw/ft)

20.6 mm/sec (0.81 in./sec) at 2.30 kw/m (0.7 kw/ft)

Peak Power/Flow

0.266

0.467

0.875 (maximum)

E-2. THIMBLE TUBE. ASPIRATING STEAM PROBES

To maximize the quantity-of thimble tube aspirating steam probes in the

bundle, the probes aspirated through both the top and the bottom of the bundle

as in the 161-rod unblocked bundle. The design of the probe which aspirated

through the top of the bundle was used successfully in previous FLECHT SEASET

tests.(17 The design of the probe which aspirated through the bottom of the

bundle was different from that utilized unsuccessfully in the 161-rod un-

blocked bundle. It~was believed that the tortuous flow path in the unblocked

1. Loftus, M. J., et al.. OPWR FLECHT SEASET Unblocked Bundle, Forced and
Gravity Reflood Task Data Report," NRC/EPRI/lestinghouse-7, 3une, 1980.
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-,.,.ue bottom probe caused significant flow mixing between the high-

temperature steam and the entrained water droplets. Thus, the design was

modified In the blocked bundle, as shown by the schematic diagram in

figure E-1.

Comparisons of the following top and bottom steam temperature measurements at

the same elevations are shown in figures E-2 and E-3 for the test with the

maximum power-to-flow ratio:

Figure

E-2

E-3

Elevation
[m (in.)]

1.98 m (78 in.)

2.82 m (111 in.)

Top Steam Probe

Channel 446, 7K

Channel 452, 71

Bottom Steam Probe

Channel 447. 4F

Channel 453, 1OF

These two figures clearly show the difference between the bottom and top steam

probes. The bottom steam probe measures approximately the same vapor tempera-

ture as the top probe during the early single-phase flow period prior to and

immediately after flood. However. modification of the design of the bottom

steam probe did not improve the response of the probe during the two-phase flow

period relative to that measured in the unblocked bundle. The vapor and the

entrained droplets are apparently mixed within the probe; this subsequently

desuperheats the steam.

The amount of vapor aspirated through the bottom steam probes was reduced in

run 61106 to decrease the amount of entrained droplets; however, this change

resulted in minimal effect on the probe thermal response. All the probes

exiting the bottom of the bundle responded in the same manner for the entire

test series.

It is recommended that the probes exiting the bottom of the bundle not be

utilized as measurements of vapor temperature. The steam probes which

aspirated through the bottom and top of the bundle were as follows:

6701X:1b/081583 E-2



4583B-68

20STEAM
FLOWI

THIMBLE

WATER DRAIN LINE

20 STEAM
FLOW

I,

Figure E-1. Steam Probe Design
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Elevation
[m (in.)]

0.99 (39)

1.22 (48)

1.52 (60)

1.83 (12)

1.98 (18)

2.29 (90)

2.44 (96)

2.82 (111)

3.05 (120)

3.35 (132)

3.51 (139)

Top Steam Probe Bottom Steam Probe

Channel 441. IOC

Channel 442, 13F

Channel 443, 41

Channel 446, 7L

Channel 444, 71
Channel 445. 10L

Channel 447, 4F

Channel 448, 7C
Channel 449, 131

Channel 450, 4F
Channel 451, IOL

Channel 452, 71

Channel 454, 7C
Channel 455, 131

Channel 456, lOF

Channel 457, 5K

Channel 453, lOF

E-3. SUBCHANNEL SELF-ASPIRATING STEAM PROBES AND UNSHIELDED THERMOCOUPLES

The subchannel steam probes and thermocouples were utilized in the blocked

bundle primarily to measure the radial vapor temperature distribution at ele-

vations inmmediately upstream [1.47 m (58 in.)] and downstream [1.98, 2.44, and

3.05 m (78, 96, and 120 in.)] of the blockage. Comparisons of the following

subchannel and thimble tube temperature measurements are shown in figures E-4

through E-21 for all three of the previously tabulated tests:

Figure

E-4,5.6

E -7.8,9

Elevation

[m (in.)]

1.52 (60)

1.98 (78)

Subchannel Instrument

Channels 458, 459

Channels 462, 464

Thimble Tube Probes

Channel 443, 41

Channel 446. 7L

67O1X:lb/081583 -1-5
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Figure E-4. Comparison of Radial Vapor Temperature Distribution
Measurements, Run 61314, 1.52 m (60 in.) Elevation
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E-10.11.12

E-13,14,15

E-16,17,18

E-19,20,21

2.44 (96)

2.44 (96)

3.05 (120)

3.05 (120)

Channel 4 7 3 (a)

Channel 472(a)

Channels 4 79.(a) 4 7 8 (a)

Channel 476

Channel 451, IOL

Channel 450, 4F

Channel 455, 131

Channel 454, 7C

a. Self-aspirating steam probe

These figures generally show good comparisons between the thimble tube probes

and subchannel instruments. During the bundle heatup period prior to flood,

the subchannel instruments consistently measured a temperature greater than

the thimble probe because of the radiation effects, which are shielded in the

thimble probe, and the high thermal inertia of the thimble tubes. The heatup

of the self-aspirating steam probes at the higher elevations was affected by

water trapped within the probe, thereby keeping the temperature at satura-

tion. Once this water was evaporated, the temperature quickly reached the

level of the other probes. The low heatup power [1.3 kw/m (0.4 kw/ft)]

allowed the probe to dry out and reach the correct flood initiation tempera-

ture. A better comparison between the subchannel instruments and the thimble

probes was achieved in tests with higher power-to-flow ratios.

Comparisons between the subchannel vapor temperature instruments in symmet-

rical locations are shown in figures E-22 through E-25 for the following

elevations for the highest power-to-flow ratio test:

Figure

E-22
(sheet 1)

E-22
(sheet 2)

E-22
(sheet 3)

Elevation
[m (in.)]

1.98 (78)

1.98 (78)

1.98 (78)

2.44 (96)

2.44 (96)

Self-Aspirating
Probe

Unshielded
Thermocouple

Heater Rod
Thermocouples

Channels 465. 467

Channels 463, 464

Channels 469, 462

E -23 Channels 472. 473 Channels 336.346

E-24
(sheet 1) Channel 471 Channel 470
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E-24
(sheet 2) 3.05 (120) Channel 479 Channel 476 --

E-25 3.05 (120) Channels 477, 478 -- Channels 401,405

Also shown in figures E-23 and E-25 are corresponding symmetrical heater rod

temperature measurements.

Generally, the vapor temperature measurements are symmetrical for all test

conditions at the 1.98 and 2.44 m (78 and 96 in.) elevations. There were

differences, however, between the self-aspirating steam probes and the un-

shielded thermocouples for the tests at the lower power-to-flow ratios, as

shown in figures E-26 through E-29.

E-4. CONCLUSION

The thimble tube steam probe which aspirates through the top of the bundle,

the self-aspirating steam probe, and the unshielded thermocouples provided

comparable vapor temperature measurements. However, the temperature compari-

sons were much better at higher power-to-flow ratios. The low void fraction

flows affect the thermal response of the self-aspirating steam probe first,

then the unshielded thermocouple, and last the-thimble-tube steam probe.

The thimble tube steam probe which aspirates through the bottom of the rod

bundle did not provide valid vapor temperature data.
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APPENDIX F

BUNDLE INSTRUMENTATION

The instrumentation for the 163-rod blocked bundle was based in part on the

instrumentation in both the 161-rod unblocked bundle and the 21-rod bundle, to
provide direct comparisons between the three bundles. However, the large num-

ber of thermocouples which failed during testing in the 161-rod bundle limited

the number of comparisons between the two large bundles. Also, the utiliza-

tion and placement of the two islands of noncoplanar, nonconcentric blockage

in a bundle with only one line of symmetry provided for not only axial but

also radial effects and, potentially, circumferential effects. Thus, there
was a significant need to maximize the number of instrumented heater rods in

the 163-rod blocked bundle.

Through the heater rod manufacturing quality assurance process, a total of 62

instrumented heater rods were selected as suitable for use in the 163-rod

bundle, including three spare 21-rod bundle instrumented rods. These 62 rods

were distributed across the bundle as shown in figure f-1. Of the 40 heater

rods in the two blockage islands, 31 rods were instrumented; 28 of the 64 rods

in the flow bypass region were instrumented, and 3 of the 59 peripheral rods

were instrumented. These 62 instrumented heater rods had a total of 462 func-
tional thermocouples at the start of bundle build. A total of 440 thermo-

couples could be hooked up to the computer; therefore, 22 thermocouples at the

top and bottom 0.91 m (36 in.) of the bundle-were utilized as spares.

The radial distribution of heater rod thermocouples as a function of elevation

is shown in figures F-2 through F-29, The thermocouples are designated by

computer channel numbers. Also shown in these figures are the location of the

thimble wall thermocouples as initially connected and the vapor temperature

instrumentation. All the vapor temperature instrumentation was connected to

the computer. However, because only 21 computer channels were allocated to
measuring thimble wall temperatures, there were 14 spare thimble thermocouples.

As in the last two 21-rod bundles with the 1.0 mm (0.040 in.) diameter thermo-

couples, there were an insignificant number of heater rod thermocouple fail-

ures (3.4 percent) in the 163-rod bundle. The failed rod thermocouples as
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well as failed thimble thermocouples and vapor temperature instrumentation are

listed in table F-I as a function of run numbers. The failed thimble thermo-

couples were reassigned with the spare thimble thermocouples, as shown in

table F-2.
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Figure F-2. Heater Rod Instrumentation, 0.30 m (12 in.) Elevation
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Figure F-3. Heater Rod Instrumentation, 0.61 m (24 in.) Elevation
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Figure F-4. Heater Rod Instrumentation, 0.99 m (39 in.) Elevation
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Figure F-S. Heater Rod Instrumentation, 1.22 m (48 in.) Elevation
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Figure F-6. Heater Rod Instrumentation, 1.52 m (60 in.) Elevation
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Figure F-7. Heater Rod Instrumentation, 1.70 m (67 In.) Elevation
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Figure F-8. Heater Rod Instrumentation, 1.15 m (69 in.) Elevation
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Figure F-10. Heater Rod Instrumentation, 1.80 m (71 in.) Elevation
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figure F-11. Heater Rod Instrumentation, 1.83 m (72 In.) Elevation
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Figure F-12. Heater Rod Instrumentation, 1.85 m (73 in.) Elevation
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Figure F-13. Heater Rod Instrumentation, 1.88 m (74 in.) Elevation
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Figure F-14. Heater Rod Instrumentation, 1.91 m (75 in.) Elevation
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figure F-15.. Heater Rod Instrumentation, 1.93 m (16 in.) Elevation
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Figure F-16. Heater Rod Instrumentation, 1.96 m (77 in.) Elevation
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Figure F-17. Heater Rod Instrumentation, 1.98 m (78 in.) Elevation
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Figure F-18. Heater Rod Instrumentation, 2.01 m (79 in.) Elevation
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figure f-19. Heater Rod Instrumentation, 2.03 m (80 in.) Elevation
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Figure F-20. Heater Rod Instrumentation, 2.06 m (81 in.) Elevation
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Figure F-21. Heater Rod Instrumentation, 2.13 m (84 in.) Elevation
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Figure F-22. Heater Rod Instrumentation, 2.18 m (86 in.) Elevation
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Figure F-23. Heater Rod Instrumentation, 2.29 m (90 in.) Elevation
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Figure F-24. Heater Rod Instrumentation, 2.44 m (96 in.) Elevation
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Figure F-25. Heater Rod Instrumentation, 2.59 m (102 in.) Elevation
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Figure F-26. Heater Rod Instrumentation, 2.82 m (111 in.) Elevation
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Figure F-27. Heater Rod Instrumentation, 3.05 m (120 in.) Elevation
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Figure F-28. Heater Rod Instrumentation, 3.35 m (132 in.) Elevation
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Figure F-29. Heater Rod Instrumentation, 3.50 m (138 in.) Elevation

F -31



TABLE F-1

BUNDLE FAILED THERMOCOUPLES

Run Failed Thermocouples

60701 Channel 461 - bare fluid vapor temperature 1.47 m (58 in.)

61106 Channel 81 - heater rod temperature 12L 1.82 m (72 in.)

Channel 351 - heater rod temperature 9E 2.44 m (96 in.)

61314 Channel 156 - heater rod temperature 5H 1.96 m (77 in.)

Channel 181 - heater rod temperature 21 1.98 m (78 in.)

Channel 487 - thimble wall temperature 13F 1.82 m (72 in.)

Channel 501 - thimble wall temperature 13F 3.05 m (120 in.)

61412 Channel 363 - heater rod temperature 120 2.44 m (96 in.)

Channel 490 - thimble wall temperature 13F 1.98 m (78 in.)

61509 Channel 222 - heater rod temperature 60 2.01 m (79 in.)

Channel 48 - heater rod temperature 111 1.70 m (67 in.)

61607 Channel 148 - heater rod temperature BE 1.96 m (77 in.)

Channel 212 - heater rod temperature 11G 2.01 m (79 in.)

Channel 338 - heater rod temperature 60 2.44 m (96 in.)

Channel 492 - thimble wall temperature 5K 2.29 m (90 in.)

61705 Channel 163 - heater rod temperature 90 1.96 m (77 in.)

Channel 488 - thimble wall temperature 5K 1.98 m (78 in.)

61916 Channel 116 - heater rod temperature 43 1.91 m (75 in.)

62117 Channel 197 - heater rod temperature 11K 1.98 m (78 in.)

Channel 330 - heater rod temperature 120 2.24 m (90 in.)

62211 Channel 459 - bare fluid vapor temperature 1.47 m (58 in.)

62304 Channel 495 - thimble wall temperature 5K 2.44 m (96 in.)

62413 Channel 485 - thimble wall temperature 5K 1.82 m (72 in.)

62503 Channel 460 - bare fluid vapor temperature 1.47 m (58 in.)

62819 Channel 304 - heater rod temperature 60 2.24 m (90 in.)
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TABLE F-2

THIMBLE THERMOCOUPLE REASSIGNMENTS

Run Reassigned Thermocouples

61412 Channel 487 - thimble 13L 1.83 m (72 in.)

Channel 501 - thimble lOC 3.05 m (120 in.)

61509 Channel 490 - thimble 4C 1.98 m (78 in.)

61705 Channel 492 - thimble 13F 2.44 m (96 in.)

61810 Channel 488 - thimble 4C 2.82 m (111 in.)
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APPENDIX G

HIGH-SPEED DROPLET MOVIE RESULTS

G-1. INTRODUCTION

In the 163-rod blocked bundle task, high-speed black and white motion pictures

were taken through the housing windows at the 0.91 m (36 In.) and 2.73 m (108
in.) elevations for selected test runs. These motion pictures were utilized

to determine the density and size distribution of droplets contained in the

flow, as well as the droplet velocity, to provide a calculation of the heat

transfer in the dispersed flow regime preceding the quench front during bundle

reflood. The techniques previously developed and utilized for measuring drop-
let size and velocity in the 161-rod unblocked bundle were also used for the

163-rod blocked bundle. No movies were taken at the 1.83 m (36 in.) elevation

window because the blockage sleeves prevented the use of backlighting.

A summary of the high-speed droplet movies is provided in table G-1 as a func-

tion of the test run number. The time of the movie after flow initiation is
tabulated as well as an assessment of the film quality. In the early tests

(runs 61005, 61106, and 61412). the movies at the 0.91 m (36 in.) window were

taken at a time in the reflood transient when excessive amounts of water drop-

lets were present and these drops were indistinguishable. At the 2.73 m (108

in.) window, the movie film broke after the camera was turned on for several

tests (runs 61106. 61705. 61810, and 62304), because of the large acceleration

forces imposed on the film during startup. For several other tests (runs
61412, 61509. and 61607), the film broke after the camera was stopped for the

first recording increment, because of the large deceleration forces.

G-2. DROPLET MEASUREMENTS

A movie film was taken of a pair of perpendicular scales at the same focal

distance as the droplets in the rod bundle (between the third and seventh rod

rows). The film of the scales was then projected onto a wall such that the

dimensions of the scales were larger by a factor of four than the actual size.

6101X:lb/081583 6-1



TABLE G-1
SUMMARY OF HIGH-SPEED DROPLET PHOTOGRAPHY

Run
Initial Test
Conditions

Window
Elevation
[m (in.)]

Film
Speed

(frames/sec)

Time of
Movie
(see) Lighting Focus Remarks

!

61005

61106

61412

61509

61601

61705

38 mm/sec
(1.5 in./sec)

25 mm/sec
(0.98 in./sec)

0.41 MPa
(60 psia)

0.14 MPa
(20 psia)

20 mm/sec
(0.8 in./sec)

Repeat test
at 38.6 mm/sec
(1.52 in./sec)

0.91 (36)

2.74 (108)

0.91 (36)

2.74 (108)
0.91 (36)

2.74 (108)

0.91 (36)

2.74 (108)

0.91 (36)

2.74 (108)

0.91 (36)

2000

2000

2000

2000

2000

2000

2000

2000

2000

2000

14-26
34-40

8-14
20-26
40-46

6-12
18-24
30-36
18-24

10-32.5

20-26

4-26.5

20-26

0-22.5

Good

Good

Good

Good

Good

Poor

Good

Poor

Good

Good

Good

Good

Good

Good

Poor

Fair

Too much water
Too much water

Film damaged

Too much water
Too much water
Film broke

Too much water
Too much water
Film broke after first
stop and speed too slow
First 7.5 seconds only

Film broke after first
stop and speed too slow
First 15 seconds only

Film broke after first

stop and speed too slow

First 7.5 seconds only

2.74 (108) 2500 Film broke



TABLE G-1 (cont)
SUMMARY OF HIGH-SPEED DROPLET

Window Film Time of
Elevation Speed Movie
[m (in.)] (Frames/sec) (sec)

PHOTOGRAPHY
Y

T
La

Run

61810

61916

62015

62117

62304

62413

62605

Initial Test
Conditions

17 mm/sec
(0.65 in./sec)
at 0.134MPa
(19.5 psia)

Stepped flow

Subcooling

Hot/cold
channels at 20
mm/sec (0.8
in./sec)

157 mm/sec
(6.2 in./sec)

3.3 kw/m
(1 kw/m)

Repeat test at
38 mm/sec
(0.5 in./sec)

Lighting Focus
4 I .- t-~-- .t

2.74 (108)

0.91

2.74

0.91

2.74

0.91

2.74

0.91

2.74

0.91

2.74

0.91

2.74

(36)

(108)

(36)

(108)

(36)

(108)

(36)

(108)

(36)

(108)

(36)

(108)

2500

2000

2500

2000

2500

2000

2500

2000

2500

2000

2500

2000

2500

Film broke

First 3 seconds only0-22.5

10-28

10-32.5

18-36

4-26

10-28

0-22.5

0-22.S

6-24.5

0-22.5

4-22

Good

Good

Good

Good

Good

Poor

Good

Good

Poor

Good

Poor

Good

Good

Good

Fair

Good

Poor

Good

Good

Poor

Good

Fair

First

Speed

7.5 seconds only

too slow

Remarks

First 3 seconds only

Film broke

First 7.5 seconds only

Speed too slow

First 7.5 seconds only

Speed too slow



The droplet films were subsequently projected onto the wall at exactly the

same distance from the wall as the film of the scales. This procedure elim-

inated the uncertainty associated with using either the heater rod or the

window as the reference dimension. In most tests, the diameter of the rod was

found to be approximately 10.07 mm (0.3966 in.), which was only 6 percent

larger than the rod actual size. The difference may be attributed to a slight

rod misalignment or optical illusion.

The droplet movies were projected onto a fine-scale graph paper (readable to

±0.5 mm,) attached to the wall. A Lafayette Analyst model 0 projector which

has frame-by-frame stop control was utilized. The clear and distinct droplets

were traced directly on the graph paper and those which could be seen to

travel some distance within the gap between the rods were considered for cal-

culating droplet velocity. The droplets were identified with numbers and

their initial and final positions were traced onto the graph paper. The num-

ber of movie frames between the initial and final positions was also recorded.

G-3. DATA REDUCTION

The droplet diameter and distance travelled were measured directly from the

graph paper and tabulated. The actual or real drop diameter and velocity were

obtained from the following simple relationships:

Om

Xr = S-

X

V Xr FS

0N 1 T000

where

Dr = real drop diameter (mm)

0 m measured drop diameter (mm)m
S = scale factor . 4

X r real distance travelled (mm)
r

Xiii measured distance travelled (nun)
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VD - droplet velocity (m/sec)

N a number of movie frames for droplet to travel Xm

FS - film speed (frames/sec)

In the final stage of the data reduction process, it was found that the film
speed at the 2.74 m (108 in.) elevation (2500 frames per second) was too slow

for accurate deduction of the droplet diameter. (A preliminary review of the

high-speed movies after run 61607 had led to the conclusion that the film

speed should be increased from 2000 frames per second.) There was only one

test (run 61916) in which the data at the 2.74 m (108 in.) elevation were

accurately reduced.

G-4. DATA RESULTS

The frequency distributions for droplet diameters were obtained and are shown

graphically in figures 6-1 through 6-12. The droplet velocity versus droplet

diameter plots are shown in figures 6-13 through 6-24.

lhese droplet data results were generally very similar to the results from the

161-rod unblocked bundle. Therefore, the log-normal distribution( 1 ) was

utilized to represent the droplet diameter distribution, as previously used in

the 161-rod bundle. To evaluate the appropriateness of the log-normal distri-

bution for representing the droplet diameter data, the natural log of the
actual drop diameter was plotted against the cumulative probability distribu-

tion. If the assumed distribution model is correct, the plotted data points
would tend to lie in a straight line. As shown in figures 6-25 through 6-36.

the cumulative probability distribution is quite linear; this indicates that

the log-normal distribution is the appropriate representation for the droplet

diameter distribution.

1. Loftus, M. 3., et al., OPWR FLECHI SEASET Unblocked Bundle, Forced and
Gravity Reflood Task Data Report,. NRC/EPRI/Westinghouse-7, June 1980.
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APPENDIX H
DATA TABLES AND PLOTS

This appendix contains a sampling of data collected for each of the 23 163-rod

blocked bundle reflood tests. All the valid measured and reduced data are

available from the NRC Data Bank. The data have not been analyzed or evalu-

ated in great detail, and caution shout!' be observed that erroneous data may

exist despite efforts to ensure correct and accurate data. A data evaluation

report, to be published at a later date, will present the results of the data
evaluation in greater detail.

The following tables are provided for each test:

o Summary and Comment Sheet -- lists the as-run test conditions,
and comments on the as-run test conditions relative to the
respective 161-rod unblocked bundle

o Heater Rod Temperature Data -- lists the characteristics of the
temperature-time history for heater rod thermocouples at the
same locations for all reflood tests

o Heater Rod Temperature-Time Statistical Data -- lists the maxi-
mum, minimum, and average of the temperature-time characteris-
tics of all heater rod thermocouples as a function of elevation

The following plots are included for each test:

o Heater rod temperatures and heat transfer coefficients as cal-
culated by DATAR for comparable thermocouple locations in the
163-rod blocked bundle and the 161-rod unblocked bundle (except
for runs 62117, 62503, and 62819, none of which had a compar-
able test in the unblocked bundle). Because of the large number
of failed thermocouples in the 161-rod bundle tests, the same
data comparisons could not be made from test to test. The spe-
cific rod thermocouple locations are listed for each test.

o Bundle vapor temperatures for the following thermocouple
locations:

1 Except as noted on Summary and Comment Sheets
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Elevation
Location [m (On.)]

41 1.52 (60)
7L 1.98 (78)
10L 2.44 (96)
71 2.82 (111)
7C 3.05 (120)

o Thimble wall temperatures for
locations:

Computer Channel Number

443
446
451
452
454

the following thermocouple

Elevation
(m (in.)]Thimble

10C
10C
10C
10C
5K

1.83
2.29
2.44
2.82
3.05

(72)
(90)
(96)
(111)
(120)

Computer Channel Number

486
491
496
497
499

the following thermocouple

Computer Channel Number

o Housing wall temperatures for
locations:

Elevation
[m (in.)]

1.22
1.52
1.83
2.44
3.05

(48)
(60)
(72)
(96)
(120)

504
505
506
508
510

o Fluid and exit vapor temperatures for the following
thermocouple locations:

Location Computer Channel Number

Injection line fluid
Upper plenum fluid
Upper plenum steam probe
Steam probe upstream of separator
Steam probe downstream of
separator

536
515
511
528

530

o Overall bundle, steam separator, and carryover tank levels:

Location

Bundle housing
Upper plenum
Carryover tank
Steam separator
Downcomer (gravity reflood)

Computer Channel Number

562
561
563
565
564

3542X:1/081583H- H-2



o Exhaust steam flow rate (channel 306), injection mass flow rate
(channel 203), bundle storage rate (channel 205), and carryover
tank storage rate (channel 302)

o Overall mass balance

o All heater rod quench times as a function of elevation

o Heater rod bundle axial differential pressures and void fractions

3542X:1/081583 U1-3





FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

60701

8/16/82

Forced reflood (facility shakedown)

Initial clad temperature effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

0.217 MPa (40.2 psia)

264.6-C (508.2-F),

21-1.93 m (76 in.)

2.31 kw/m (0.704 kw/ft)

2.28 kw/m (0.696 kw/ft)

2.30 kw/m (0.702 kw/ft)

38.6 mm/sec (1.52 in./sec)

52.2°C (1266F)

0 mm (0 in.)

Flooding rate

Coolant temperature

Initial bundle water level

COMMENTS:

Inlet mass flow:(1) -1% constant

No heat transfer plots are Included.

1. Relative to run 30518
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RODI.LEV

96 1- 0
1ON 2- 3

96 3- 3
31 4- 7
714 4.- V

8K 4- 0
81O 4- 0

12 4- 0
51 5- 0
Tip 5- a

46 5- G
5 k 5- 78so - 7

76 5-10

7F 5-11
46 5-11
21 6- 3
s0 6- 0
6 i6- 0

IN 6- 0
Ill 6- 3

614 6- 2
514 6- 2
46 6- 2

1N 6- 3
46 6- 3

114 6- 4
9D 6- 4
9J 6- 5

FLECIT SEASkT 163 4,#J buND.E TL,4 SktlI$

TIIIITIAL MAX 1PU Tc1P&RATUKE TJ44&9)JN) JU:zt4n

C4A4. NO AT FLOOD TEqPERAIU61E alsk T1PI TEMPxLATpai

(Dk6 F) ADES k) IDEh F) (SE0.405) (JE; F)

3
6
9

11
12

13
14
17
20
21

24
33
45
5z
5 I

62
64
67
70
?4

66
60
97
99

115

III
124
134
143
165

106
192
IL93
273
261

3019
?12
3HS
337
345

346
366
368
363
397

389
394
408
415
417

410
429
431
432

436
437
43e

333.
369.
42C.
441r.
443.

441.
445.
44C .
472.
46&.

461.
47•.
404.

476.
491.
503.
463.
461.

477.
461.
475.
49! .
44C.

482.

494.
460.
403.

492o
479.
4860.
487.

466.
479.
47,.
434.
438o

454.
41w.
417.
395.
391.

393.
395.
363.

364.

366.
332.
334.
32%.

332 .
320.
334.

a64.
"7.7.
o43.
740,
7,0.

742.

73*.

1;p..

94.a.
93.

01f0.
*b3.

IL 30.
1#4z,.

'L£c0,

963.

927.

93o,
967.

"13.

1070.

I1io 3a..
Ui.2b.

q'(44

1(191.

4603.1.54.

907.
%53.
973.

410.

902.
625.
t 4t.
049.

04m.
015.

563.

b63,.
5926.

-5-.

"+ 0..

j2.
lie.

26.
2.0.

26b,

36.0.
'93.
447.
*57.

4o0.

4C. 9.
4o.0

'35.
3,h~

402.

4b 4.

42Q.4Z&,.
4o3.
:Z3.

,## 1.
5.7.
450.
5.7.

53..

583.
•44.
546.

474.

6zz,
Oita.030.

016.
bob.

529.

53..

576.
5•9.

2o9.
49..

49k .45s,

462.

46C.
i64.
26o..
2B7.

29g,

7.0
L6. 1

17.9
30.5
t4.9

35.5
40.3

42.5
51.3
44.41

511.6
54.3

6!.c
41.4

504.5
74o7

s 2. 9
4!.7
57.c
57. z

48.9
76.9
So.0
b0.t

62.2

hbs, 2
67.2

6. 3

7D.t
65.1

99.4
06.7
69. 2
26. q

131.1

122.5
11 i,q

131.1
1.7.3

136. 5

153,7
95.6

149.4
146.2
134.4

136.5
135.'
69.0

131.1

b4. 5

14 W*
135.4

47,.

29..

lob.7*Z.

Ue.

72.0.

0779.

70o.

244.

736,
7joo

76z.

vJb.

721.

737.

70o.
74-.
711.

7.0.

7,2.

7.6.

.77.*

it..

244,

T73.
74*.

o31,

724.5a be

767.

501.

17v.

605.

4;9.

7.4.

534.
507.
21Z.

TI16

7*.7
b0.0

3.7..

0.9 3

147.Lo 0. b

120.c

*40.4
1•,5.

llwqe
17v..

164.1
lbb6.

109.3
465..

146..

133.2

7bl*?
115.7
III-?
162.7
103..
i2 3. a

377. i

235..
Z55.6
21 7. 6

2494. 2232.u

D74.

29 .1

311.2
197.2
327..

35.15
.o3.*

zbl.c

65.7255. I
263.o

9n4

IJF
11F

46

70
7f

111:
5L
7M

6- 9
6- 6
0- 6
6-6
7- 0

1- 6
7- 6
7- 6

*- 0

UK 1- 3
76 6

71 9- 3
6C 9- 3

9C 9- 3

IIF 9- 3
7SIC- 3
&"1,)•- 0

dI1O- 0

Ia hc- 0

11111- g.

5ll- 6
7611- 6

JIL- 6
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79
8sal

84
0b
9%
96

111
HZO
132
130

NA& flMN N iAN
332.6 b26.) 33v.j
We.9 S*Z.S 3O5.2
42C.3 3d6.3 4c7.2
448.6 432.3 .42.5
49909 45406 475.6
418.4 462.7 48Wo0"
4d6.6 470.3 174.2
!02.4 401.2 444.2
491.0 474,? 4@1.7
5.2.9 474,7 40t.8
445.3 474.5 4b6o4
495.3 461.1 48!.!
4 ? .5 460.2 4el.3
538.2 477.9 468.4
493.1 4t4.4 404.1
4'..3 152.1 474.6
57).7 4740i 406.1
484.9 46208 47P09
491.0 464.9 476*6
491.0 47,.4 48404
4•8.6 4720. 48C.4
479.4. 458.4 47f.3
454.0 434,5 442.4
423.6 41%.q 416.4
399.6 380,5 394.0
3?7.5 343.o 363.2
333.7 320.2 331.0
133.7 320,0 33t.)

AIAA A. H RApt
j66.4i £02.3 S C7a.i
4714.6 4of-. 46V,.6
042 . 623.9 64306
748.3 194.5 137•.
.072'. Met,~ 9390i

994.6 402*9 9$60%
992.6 do**,# 954.6

A.%d3.4 96b.6 9i6o.
1007,9 4o.o0 V6b.3
IC03j. 94"2.2 V47.7
ICSO.1 03...v 991*2
&4Q . 8I5:6 460.48
1.4o.s 69566 976.1

s06.9 z2.b 997.v
1.~6. 1 •v140 v92o.

1%,104. d39gob 990.1o

1120.0 96s.8. l&.o2.1
11e3#3 A019.S 6.,'
093. o6 #1.0 9666.5

1103.0 17. To aLZ7.1
1Ad. $ A,412.2 A007.3

&039.0 di'Lob. 970.6
9 1j.. to 0297.1 Vi.6. 9
.04.v 712.1 o29.6.

2I. 63.1 600.7
63. $12.4 579.1

MAI
7.5

16.1
3107

49.5
7;04

A181
6ged
@so%

82*7

0.6.

91.5

oz.4
74.7

112.0
143,8
14501

53*6?

166o8
1612,

AfIn
7.9

25.6

49.449.4

64.j
63,0
b58.
40.9
33.0
4A0.
44.0

3041
58.6•* 4

21. .1)

11200
95..
7•.7

46.2

hi. AN
7.3

1509
28.6
38.0

09.7
p9.7
61.3

67.3
88.4
66.9
D%04
61.2
62.7
*3.1
66A0
766o

70.0

03.2
7000

,67
12>.7
128.1
532.5
139.6

1230.
110.1

1'J(4 6070. M.irnI 4.iU SIAIL.PTLCAL 0414k

&L FW
12
24
34
64

67
69
7v.
?7
12
73
74
75
76
?I

?9
3.

*6
94
)6

121

132
213

lAX JuN PEAN
37.3 31. 35.1

00. 50.o6 1C4,3
139.5 2Z6.o 226.3
33C.0 26Z.5 294.5
M8.2 61-.2 464ý.2

*5o.1 44LU.2 471.4
5L1.4 416.1 475.4
p3a. 9 464.6 506.3
521.5 44.8 484.5
533.4 1461 .8 St 14
550.2 44b.;p W74.9
5413.0 393.1 475.2
556.5 426.4 491.2
566.5 441.3 5"905
943.3 444.0 56.3

612.0. 64.8 51!.5
599.0 410.3 545.5
636.9 51oo5 583.2
634.3 545.2 5?3.9
50b.1 430.3 42.2
616.5 VU 93 94,6.2
601.5 944.3 *11.0
741.8 566.4 6,V.5
$53.3 476.6 5!8.2
152.4 427.1 512.2
537.Z 411.o 46406
335.5 22t.$ 276.6
3*0,S 16.1 240.1

UOuNCd T LAP WuUp 9)

MAI Rft.f Mi AN

3t3.2 284.6 J11.2
473.5 ot qb.7 486.0
629.1 33•. 6914.0
710.1 609.L 691.0
021.j too.7 793.2
615.4 73?is.$ 77a
7S42. l14.G~ 716.v
oul.A 166.5 763.V
777.A 1%102 765.0
776.0 130.2 721.0
041.4 160.1 770.3
7067. 619.5 Mob.
640.5 STo.4 73?.1
640.2 oah.t 755.3
V21.6 51.2 764.0
435.4 211.6 72C.I
ip u 0 . ý 0 &. ?794%.
v *A. 40 47..? 74506
g41.4 606.2 ,77.3
7943. 571.4 709o1
ogle& 160.6 754.f#
f#22.6 *10.3 764.Z
967.6 1941.1 74t.4
66..0 5,4J.z 7(0501
830.1 207.4 620•2
?0.2 & 74. 2 503.7
54..6 #610.1 $owe's
b"6.I 4107.4 57

nA( RAi MCAN
10.7 ?7. 9.5
14.3 16.1 17.1
43.2 J4.0 39.3
73.9 41.3 U1.1

121.2 %0.0 LO.d
151.6 314a.5 IJ6.0
153.8 1.6.1 140.0
1•4.8 A47.9 A5.2
16•.5 Ag0o. 144.9
172.3 1355. 164.4
174.1 140.7 162.7
117.12 0.) 1W.4
181.6 V2.@ 133.5
184.6 AV1.0 164.9
247.2 71.4 34?.8
416.7 30.6 1.2.3
417.on A9. 071.4
421.0 V7.7 217.3
31.85 32).3 169.8
144.v 139.4 232.1

424.2 170.5 244.4
547.6 19j.A 211.8
293.6 215.# 266.4
8?4.5 11.6 301.9
404.1 74.4 z2.6.
327 .1 U.2 Z.2.5
285. 4:0.7 167.9r

60701-3



'.9

a

"I.

it,

800.00

700.30

600.00

500.00

300.00

2oo *.00

100.00

I 12.0

1000.0

500.00

ci
0

TINE I SECONDS

Rod 12L, 1.83 m (72 in.)

0
0
a

800.00

700.00

600.00

,. 500.00

o00.00

i,

to 300.00

?00.00

100.00

- -- -- - -- --
FtIECWT SEASET BUNDLES
RUN 60?01 30510
CH/Sym 1?411 36/?

EE

14 ??. 0

1250 .0

1000.0

750.00

500.00

C3

TIME I SECONDS

Rod 8H, 1.98 m (78 in.)

Si Si

60701-4



600.00

700.00

Soo00.O

600.00

t 300.00
a,

100.00

rLEIcAT S[ASET BUNDLES
RUN 60101 30516
Cw1/S3M Ilo6t 10112

1412.0

Q?50.0

1000.0 -

750. 00

...
500.00o

C

TIME I SCONDS

Rod 121, 1.98 m (78 in.)

SB

600.00

700.00

600.00

.00.00

# e00.00

0OO.00

100.00

147?.0

1000.0

7?50.00

500.00

C
C

TIME I SECONDS 2

Rod 9L, 2.13 m (84 in.)

0
9

60701-5



800.00 FLECM T SEASET BUNDLES

RUN 50101t 301t
0 CN/SH3M 309/t Is/2

700.00 , -

500.0000.0

* 00.00 75/ ' 0.00

300.00 4,
.a 500.00

1 00.00 ,00

o300.00 

MI

9

Z0....00 _ _ _ _ L_-L--

100 oo 00 . . . . . . . . . . . . . - - .. . - - - :88

TIME CSECONDSI

Rod 7D, 2.29 m (90 in.)

300.00 - .-T -T -[ -1472.0
FLECHT SEASE? BUNDLES
RUN 60101 30513
CHISYM 324/I 123l2

700.00

1000.0 -

U 500.00
ac

4 00.00 - 50.00

30~0.00 I
500.00

ZOO.D-

100.00 PUS... ' I :88

TINE SECONDOS

Rod 1OJ, 2.29 11 (90 in.)

60701-6



'a
'a
hi
C

hi

a..
4
S
hi
S.
g
hia-

BO0.O0

700.00

600.00

500.00

400.00

300.00

100.00

100.00

- - - - -- - -- _ _ _ -_ _ _ - - -71-.0- -

FL1CHY SEASET UNDOLES
q 0it s 0o1t 30511

1000.0

750.00

4L
!0. .

Ko~o

o •

TIME I SECODOS )

Rod 7D, 2.44 11

8* S S

$

(96 in.)

o00.00

700.00

600.00

'00.00

M OO.O
100.003•00.0

LFLCHST SEASET BUNDLESRUN 60701 lost$
CH/SYM 415/1 163/t ___

1172.0

150.0

1000.0

150.00

500.00

C
C

TINE I SECONDOS )

Rod 8H, 3.05 m (120 in.)

S

$

60701-7



250.OC

225.00

200. 00

: 175.00

150.00

a

- 125.00

100.00

PLCON IEA~tt ILOMOI 31U01.I AEIAL VAPOR it(PINAlustg(
CIO/Si 441OlO1 MlIS1

ll %A__________________ _____________________ ___________________

TIME IStECloNs p

L MO %MfCK I6£1 LOCRECO SUmot tMINILt WALL ,IUPNaaIUac.

a n", 6 £5?a.s 61 atilt 49611 *111& all/$

312.00

350.00

400.00

350.00

300.00

250.00

212.00

482.00

•51.00

400.00

350.00

300.00

250.00

212.00

i

250.00

225.00

O00.00

175.00

150.00

125.00

100.00
B

TIME I SECONDS

B 3.

60701-8



U

Iqm

$0.000

"SO.00

150.00

100.00

50.000

0.0

II.w1UAW~ Imge*CIViwS11 "W~il" WALL neitaalu~
CRSIN il "sit I.'s wa' ie

S71.00

500.00

*00.00

300.00

200.00

100.00

31000

ftur 1 $t~1909

S S S.

300.00

Z50.00

1500.00

j*100.00

I$0.000

0.0

S 72. Ou

500.00

00.00

300.00

?00.00

100.00

3U.000

a

a

0 0
C!C

0

60701-9



16:811

50.000

40.000

30.000

20.0004

10.000

0.0

0.3:::

3
C

-. 0

.LICN us$1 f IS LOtcKO sumOtL FLUIO LIViL$

t ,STv" Wie't still still Wit

4--

TItEt I WOCRDS I

2

I-

9.0001

$.0000

7.0000

6.0000

5.0000

4.0000

1.0000

1.0000

t.5000

0.0

-0. yes0

1.5000

1.2500

1.0000

0.75000

0.5000

0.0

-0.2200
I-O.O

a.

TIME 4 SECOOSI

60701-10



362.$8
350.00

300.00

250. 00

?00.00

150.00

100.00

50.000

0.0

4.ro50
g4.0000

3.5000

_ 3.0000

= 2.5000

2.0000

• 1.5000

IM1.0000

0.5000

0.0

Ei

800.00

700.00

$00.00

500.00
K

400.00 _•

300.00

IO.O

t00.00

0.0

12.500 0

3. 8~

TIME ISECONOS1

S S

FLEHT EA:(T$LOKED1UNLETES SEIE

6000ETRND

QUNHTMS AL0C

50.0000

I-

2."000

0.0

o
C

QUENCH TIME (SEC)

S. S
I

60701-11



3.7529

3.5000

3.0000

• 2.5000

oI.' O0
22.0000

CP 1.5000
-- i

t.0000

0. 5000

0.0

1. Z500

1.,0000

0. ?500

0.500

0.0

FLCH SE LCE BUDL TST 60701

TIME (SECONDS)

rLECHT SEASET BLOCK.ED BUNDLE TEST 60701
LVE vt T; 0-1 1-2 M- 3-4 4-5 5-6

1 2 3 5

0.5443

0.5000

0."000

0. low

0.0

0I.000

N
0.Iw

0.7500

0.0

S

TIME ISECON0S)

S S

g
3

60701-12



3.7529

3.5000

3,0000

2.5000

1.0000

0.5000

0.0

!. mrO0

1.0000

w

'I

0.7500

0.0

TIME (SECONDS)

0.5443

O.SO00

0.,000 ,

0.3000
z
a

a
0.2000 -:

0.1000

0.0

1.0000

0.75r=

O.o

O.mI

0.04

TIME (SECONDS)

S

60701-13





FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

60802

8/18/82

Forced reflood

Initial clad temperature effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.2710 MPa (39.30 psia)

538.8-C (1001.9°F).

21-1.93 m (76 in.)

2.29 kw/m (0.698 kw/ft)

2.30 kw/m (0.701 kw/ft)

2.30 kw/m (0.700 kw/ft)

38.6 mI/sec (1.52 In./sec)

53.9-C (129-F)

+4.6 mm (+0.18 in.)

COMMENTS:

Inlet mass flow:( 1 ) -0.6% exponentially increasing to +0.9% by 300

seconds

No heat transfer plots are included.

1. Relative to run 30817

3542X:1/081583602- 60802-1



FLECAT SEASET 1L3 A04 BUNDLE TEST SlUGS
RUn 1WHOR606002

&ODIELEV

96 1- 0
LON 2- 0
96 3- 3
34 4- 0
7N 4- 0

8k 4- 0
IN 4- 0
o20 *- o

SE 5- 0
6 53- 3

96 5- a
3 35- 7
86 5- 7
9on - 9
76 5-10

7F 5-11
.6 5-11
21 6- 0
sD 6- 0
4J 6- 0

TII171AL 14A4X11 IM TEMPERATURE
CIAM. NO AT FLOOD TENPERAT UAd 1IE

4DEG F1 (DEG F) 10EG F)

TURlAROJNi UE JNCH
TIME TEMPREATORE
(SE:OIDSI IDEG F1

IN 6-
116 6-

IN 6*
SH 6-
.3 4-

ad 6-
46 6-

11 6-
to 6-
9J b-

ox 6-

go 6-ID 4-

IPF 6-
46 1-

0
S
2
2
2

3
3
4,
4
$

3
&
9

11

1z

13
14
17
20zi

24
33
4,9
52
39

6z
64'
67
70
74

66
80
97
99

105

111

124
134
143
165

144
192
193
173
261

3S9
312
325
337
345

346
366
348
383
387

389
394
4'08
413
417

416
4Z9
4.31
432

436
437
438

•76.

841t.
319.

332.
826v
826.
909.
945.

943.
938.
938.
892.
949.

904.
958.
991.
935.
939.

930.
961.
896.
974.

922.
970.
903a
933.
932.

943.
944.
939o
942.
946.

902.
92'..
928.
so7.
I1a*

349.
744.
737.
487.
667.

677.

579.
970.
s81.

378.
474.
472.
470.

477.
442.
482.

497.
654.
882.

14.24.
10130

1030.
1012.
1011.
1207.
1273.

1271.

1282.
1322.
1304.
1333.

1293.
1353.
1343.
1323.
1303.

1310)4
1346.
1233.
1384*
1304..

1253.
1398.
13460
1410.
1383.

1423.
1393.
1439.
1433.
1368.

1303.
1445.
1420.
1344.
1323.

1414.
1111.
1139.
1.39.
11533

1164.
1045.

957.
10370
1077.

1070.
745.
6Z4.•

433.

653.
69z.•

22.
62.

124.

194.

193.

186,?.

1050

297.
3U8.

320.
34'4.
384.
%12.
3864

389.
396.
374.

383.,
337&
4100
$,9.

332.
4150
443@
455*

457.
430s

500.
4710
424..

602.
32.1.

492.
539.
310.

344,.

376.

377.
.467.

497.

492.
270.

169.

176.
231.
263.

3.15
11.0
17.0
27.0
2903

23.0

27.0D
40o60
45,10

*6.3
59.15

69o00
6S,"

b3.0
65,0
56.0
75.0
4640

9.03
44.0
49.0
9.05

984.

13.0
73.5

44.0

9?.3

?4.0
76.0
7s.5

93.3

72.0

724.3

112,00
74.0

87.3

112.5

118.0
137.0
122.0
133.5
125.0

149.5
79.0

14'9.0
141.0
155.0

141.5
139.P
59.5

109.40

81.0
126.5
134.5

4T3.
519.
74)3.

705.

699.
749.
743.
T104.
Too*

7V'#*
708.

7650
7534.
951.

094.

778.
735.
742.

714.

665.
72 9.
Z79.

705.
765,
636.
779.

108?.

799.

797.

563.

7550

T06.

660.
566.

SOT.

611.
052.
S81.67?9.

733.

690.
512.

boo.

459.

5490.

409.
483.

377.
398.

0U4NC•
TIME

(SECONDS)

14.0
33.9
61.9
95.,7
94.•

94P.L
90.6
135.3
143.9

14t4..
146.9
1700"
163.3
40

9 . 3

lob. 'I
1109.7
194.8
198.9

197.5
233.(*
216.1
443.1

2364.
217.0
219.5

153.3

Z20. 1
204.4
221.9
227..
257.7

294.7
402.9
276.9
307.0
298,0

303.4

334.1
337.1
331.1

342.1
1. 2.3
37b. 7
333.0
344.7

363.1
338.1

342.8

125.9
301.8
332.1

6

6
a

7D 7- 6
16 7- 6

lIE 7- 4
5L a- 0
71 3- 0

TK

73

334

8- 0
a- 6
8- 6
9- 3
9-3

9C 9-
IIF 9-
7510-
34410-
IKI*-

3
3
0
0
0

3IN10- 0
6311- 0
9611- 0

11613- 0

sJi1- 6
7311- 6
IJll- 6

60802-2



IJN 60802 fi•-A1.N RD STATI•TICAL 0AT4

IAX TENP IDEG F)INITIAL TEMP 1050 F) TURNAkDUN1 TIME ISEC)

ELEV
12
24
39
48
60
67
69
7o
71
72
73
74
75
76
77
76
79
80
81
84
86
90
96

102
111
I2
132
138

MAX
479.0
594.4

64309
969.9960.2

95204
995.7
95?,6
990.6
979.2
985.4
9968.

1301.9
978.2
978.2
979*2
964.8
932.4
960.9
962.?
927.6
849.1
75008
68b.9
606.1
47709
482.2

KIN
475.7
563.7
735.9
816.3
68302
895.7
691.5
93609
903.9
919.4
91864
669.35
692.6
902.9
914.2
914*2
92135908.1

$92.6
89,8.

91703
86 * 7

735.9

661.7

469*2
457.2

NE AR
477.2
4?l*2

741.2820,9

92707954o1

929.5
956.5
933.6
952.8
952*0
944.9
94708
9586.4
951004
95101
95122937,9931.1932.2

941.3
935.9
905.4
829.6
?4,00

673.2

473.1
467.?

NAX KiN M AM
503.9 49105 51037
656.4 640.6 647.7
882.1 039.4 868.0

142901 1O4216 1017.9
173o.3 1165.1 1230i6
1335.3 1231.4 1302.2
1317.4 1294.6 1305.4
1550.1 1304.7 1330.6
1353.2 1293.0 132609
1379.6 1302.6 1343.0
13713. 1319.5 1355.1
1401.8 1132.7 1138.1
1411.4 115346 1364.4
1416.9 1302.6 1262.9
14424 1299,.4 1391.7
1446,.7 1315.3 1406.?
1458.4 1357.1 1427.9
147103 1177.5 1430.2
245354 1374.3 1427.0
141078 1230.6 1330.1
1461.6 1319.5 1390s6
159334 1360.6 1437.1
1486.4 131d.4 141806
1313.1 1091.6 1224.0
1238.9 993.6 1137.0
1123.7 735.9 998.•
745,. 622.6 691*9
745.3 582.6 60940

MAX
6.011.0

20.5

$5.5
64.0
6900
65.0
69.5
75.0
75.8
7505

90*5
67.3
97.0
9605

113.5
109.0

90.0

119.3
124.0
133.0
137.0150,0

172.5
147.0
134.5

N IN
5.5

10.0
17.0
25.3
40,*0
4400
$505
5900

63.0
46*0
53.-

46.3

63.5
66.5
71.0
73.0
63.0
74.5

65.3
61.3

7530
1164~

79.0
72.3

36@*0

NE AN
to?5.75

18.9

55,0
61,6
6.00
66.6

63.0
67.066.4

72.874.6
80.6
84.0
67.3

91.5

70.7
87.4

104,*6
117.2
I125.
123.9
&39.9
114,9

91.3

RUN 60W•8 iBA1ih ROD STATISTICAL DATA

OUNCH TENRP 4014 F)Ifimp AIsk ID0G F) QUENCHt TI1il I&5C

ELEV
12
24
39
40
60
67
69
?0
71

72
73
74
75
76
77

79
so

81
64
66
90
96

102
111

120
132
136

MAX KIN
24.9 21.0
62.0 36.9
127.6 121.4
19082 161.6
336.4 272.5
303.8 321.2
412.1 36306
309.2 354.4
401.8 316.4
422.3 363.6
416.6 38669
425.3 33700
441.7 332.1
459.2 339.9
510.0 354.2
509.0 363.3
513.9 410.2
519.0 442.6
538.8 450.3
44.09 297.6
526.7 356.8
601.5 454.6
65909 486.9
566.6 355.6
565.7 327.8
5453. 221.3
269.6 15104
263.1 122.1

NE AN
23.3
59.0
124.7
168.9
310.9
343.1

393.3
3900*
402.1
393.3
416.5
424.5
441.3
435.6
475.8
500.3
303.4
388.6
462.0
331.7
589.0
476.0
463.6
420.1
216.9
191.3

MAX KmN REI AN
%68.1 443.3 45.0,
5616* 545.5 562.0
703.0 6o9.7 697.0
??771 699.0 72607
&34.0 78404 12.2
633.9 718.2 774.4
7?007 753.0 766.6
951.0 761.6 813.?
19207 694.4 750.8
750.3 733.6 763.5
819.7 142.1 77?.4
792•9 66500 749.8
833.8 517o? ?73*0
630.d 601.6 763.0

1066.7 561.6 75?*1
105334 52009 747.4
672.9 232.5 741.9

1057.4 49307 746.1
889.2 57907 767.1
l8abe 58609 701.2
19504 &65.7 711.1
92100 A21.4 ?57.6
s8e86 41601 746.V
l9gos 3d9.4 676.06
924.2 452.7 651.6
631.0 z6b.1 &6064
62407 457.3 520.2
59s.a 419.9 557.9

NAX
17.8
3309
6708

192.4

199.7
21581

Z33.0
236.8
222.8

197.1
40601
411.1I

394.1
41301
412.3
473.1
352.1

493.5
504.1

156.1

12.2
24.6
61.5
4009

134102
16207
174.

186.6
192.3

191.7

192.9
1533.
165,3
2130.

247.6
231.00
25400

279.7
311.9
152.3

37.6

AE~h
14,7
30.5
63.5
92.3

141,6
173.6

182.9
177.3

191.8
200.0

201.6
2124*
211.9
222.7
241.2
246.9

279.3

319.9
333.0
342.1
354.1
273.0
230.0
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a

N

4
3

0.
I

90C.0C

e00.00

100.00

600.00

500.00

400.00

300.00

to0. 00

100.00

75C.0C

500. oDC

a
a

0

TIME S ECOND05 S

Rod 121, 1.98 m (78 in.)

0
9

C

U

4
U

0.
2

g0:.0c

93C. 00

700.00

600. ,

500.00

400.00

300.0C

?00.00

100.00

IrLECHT SE AS[? T U'N0LCS
Null 60W0 30917
(4i5VW 19911/I1

I, I
Iooc.o

7.,

500.00

a
a

0

TIME ( SECONDS I

Rod 13G, 1.98

a
a! 8

c;

a

m (78 in.)
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900.00

100.00

700.00

5O0. Occ

- 600.00
a.,

100.00

300.00

100.00

FLECNT SEASET EUROLES
RUN 6010Z 0o1st
C.M/SYM 27011 !14/?

TIME I SECONDS I

Rod 13G, 2.13 m (84 in.)

FLECNT SEASET IUNDLES
RUN 600z 30117
CH/SYm M/I 124/Z

___-,,i

16S.0

1500.0

1250.0

1000.0

750.00 ?

500.00

165?. o

1500.0

1000.0

750.00

IO0O .l

500.00

119:88

to0.00

100.00

700.00

~,600.00

4- 00.00

a

300.00
too,

100.00

100.00

0
C

TIME ( SECOiOS

S S.

Rod 11E, 2.29 m (90 in.)
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900. 00

300.00

700.00

'a $00.00

sa 500.00

4000,=0.O

• 300.00

200.00

100.00

FLECHT SEASET IUIOL[S
RUN 6080? 3011?
CN/SYM 363/1 136/Z

La

1652.0

1500.0

1250.0

1000.0

750.00

500.00

0:8

C
3

T114E SECONDS

C

S
a
C

Rod 12D, 2.44 m (96 in.)

100.00

300.00

700.00

600.00
0.1,

500.0

4000

300.00

200.00

100.00

FLECHT SEASET BUNOLES
RUN s0ol0 3081?
CH/Sy" 399/t 157/a

1652.0

1500.0

1250.0

0ooo.0

750.00
4

500.0c

M: 88

0CD I
TIME ( SECONDS

CO 40
aa

Rod 13G, 2.82 m (111 in.)
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s00.00

700.00

700.00

, $00.00

4.oo
X. 300 . 0

300.00

100.00

FLECCT SCASET OUNOLES
RUN 6060? 2081?
CH/Sym 403/t 1611? ______

1652.0

1500.0

160.0

1000.0

750.00
cc

500.00

C

TIME ( SECONDS

8

Rod 51, 3.05 m (120 in.)
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700.00

600.00

500.00

400.00

30C. 00

20C .O

100.00

1292.0

U~00.0

1000.0

800.00

600.00 -

,00.00

2 12.*00
S0 0 0

vim 0 0 0 0

o * *0 0 0[ 00

00

0•

700.0Q

600.00

500 .^C

,00.00

300.00

ZO0.Oc

I00.00

- ~ 6. %(C ~ f h.? LOCAIIC SU40,t INIMSL( WALL 11(UplahtUal.

all, 411 alo

1292.0

1~00 .0

1000.0

800.00

600.00

400.00

?12.00
0
0

0

I iicow@~

S. C,
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30000

e50.00

1000

150.00

100.00

250.00

200.00

usd " iU FLII SuUt 1=91 111" 1"111 WALL tiu9 -IV4m1

entili tstls Selig Sells aISM too/$

Iiu Mostcms I

FLit"I .$I LOCKIV IUIDLE LOOP fLUIS AND VAPOR ?(MP[ISAtU0

I

57t.00

500.00

*00.00

200.00

100.00

57Z .00

500.00

400.00

300.00 C

200.00 t

100.00

32.000

150.00

100.00

50.000

0.0

_g
1

0C;

lint I siccowos
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L.C. .1, .LO C U O . . . . .L 1 .0 0 0 1

¢MIIl l~l II#I III lll* .0000

50.000 7.0000

5.0000

30.000
1.0000

1 20.000 3.0000

1.0000

0.0 0.0-- " - " . _ - " 0.720

TlIN I llCONDs I

FrLEC60T $[A5ET 8LOC11[|UDL[ 1.9940

a lu 6080? 60802 6000? 60801

C C4/SVm 20311 10'? 302/3 306,r - 1.7500

1.5000

0.5000 
1.2500

1.0000

0.7500--
0.3M3

___.__ 
0.5000

: .OC•v 0.2500

.0 -- 0.0

-0.0998 -0.2200

C;
0 * * • •

TIME I SECODS J
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310.?0
300.00

150.00

100.00

" 150.00
Is

50.000

0.0

Is .2500
.. ,.0000

•" 3.5000

- 3.0000

ID

TIME (SECONDS)

183.47

600.00

500.00

400.00

,,J

300.00 ,

200.00

100.00

0.0

13.944

12.500
',-

10.000

3

7.5000

000

3

a

I.

'be

-J

B"

2.5000

1.5000

0.5000

0.0

FLECHT SEASET LOCKED BUNDLE TEST SERIES
8030? HEATER RODS

OUENCH TIMES (ALL T/C)

44 
440

0o

0 - ....-

0 0 *

0
a

S2

QUENCH TIME fSEC)

S
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1.0000

- 0.7500
4[

3 .5000

0.2500

0.0

3.855"

3.5000

3.0000

4

0.0

FLECHT SEASET BLOCKED BUNDLE TEST 60802
LCV(CUFT) 0-1 1-2 2-3 3-4 4-5 5-6

1 2 3 5 $

TIME (SECONDS)

FLCCHT SEASET BLOCKED BUNDLE TEST 6030t
LEVELWIT) 0-t 1-2 2-3 3-4 *$5 5-$

1.25r"

1.0000

Z
0.7500

'Io

4*.

0.5000

0. 2500

0.0

0.5303
0.5000

OtOCOQ

0.1000

0.3000 '

0.1I000

0.0

WO Sj

TIME (SECONDS1

4P

S
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3.9559
3.5000

3.0000

ft. 2.00

1.5000

I.OO

0.5000

0.0

rLECHT SEASET BLOCKED BUNDLE TEST 60600
LEVEL(rT) 6-7 7-B 8-1 9-10 to-It If-I?

1 2 3 .. 5 6

w9

TIME (SECONOSI

rLECHT SEASET BLOCKED BUNDLE TEST 60802
LEVEL(FT) 6-7 7-$ B-9 9-10 tO-t1 I1-1a

1

0.5303
0.4000

0.*000
V.

0.3000 <w
z

0.2000 0

0. 1000

0.0

1.0000

=
0. W-0.7500

'IC

;0.5000

0.°500

0.0
I0 S

TIME (SECONDS)

S
4D4~
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

60902

8/23/82

Forced reflood

Initial clad temperature effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.2703 MPa (39.20 psia)

538.86C (1001.9°F).

3K-1.78 m (70 in.)

2.31 kw/m (0.703 kw/ft)

2.29 kw/m (0.697 kw/ft)

2.30 kw/m (0.701 kw/ft)

38.6 mm/sec (1.52 in./sec)

53.3-C (128-F)

+4.6 mm (+0.18 in.)

COMMENTS:

This test was a repeat of run 60802 with

through the aspirating steam probes.

an increase In the steam flow

Inlet mass flow:0 1 ) -2.6% exponentially decreasing to 0% by 300 seconds

P (1)Power decay: peripheral rods, +0.5% constant

bypass rods, -0.5% linearly changing to +0.5% by 350

seconds

blockage rods, 0% constant

1. Relative to run 30817

3542X:1/081583 60902-1



RODIELEV

FLECdT SEAET 403 it3i 6UNDIL TUST ME•IES
llu.1 hUnitmah.4. ..

TINITIAL 4A X A1uwl TEMPiKATUA TU04AROJdO 2Uz . .,n
C.4AI. ti0 AT FLOLD TcfrPFRAIlUa it 11at TIlt: T7fi4R1ATJkL

ID0G f) (UiG F) WEIb F) IsE:0131s 1.0.; ;i

96 1-
1o.I 2-

09 3-
3J 4-
7,i4 -

3
0
0

d1K 4.- 0'
aft '.- *•

120 4- C
:IE 5- 0
76 5- 1

9; 5- 4
SE 5- 7
69 •- ?
9" 9- 9
76 S-1O

?F 5-11
4'6 5-11
Z - C
50 6- 0
61 6- p

7Al
111

it

54G
arl

11H

90
91

6- 0
6- E.
6- 2
A- z
6A 2

6- 3
0- 3
A- 4
6- 4
6- 5

3
6
9

11
12

13

17
232.

24
33
,3
52
59

62
64
67
71
74

66

S9

99

111

124
134
143
165

1bb
192
193
173
261

309
312
325
337
345

34&
366

3d13
35?

389
394
4.08
415
41?

419
420
431
432

436
637
43$

476.

762.
1.91.

627.

039.
8s6.
'•33.,

952.

943.
94t.
9• 1.

97G,.
909.
943.
947.

941.
965.

9260.
634.

920.063.
96'.•
95.1.

94t..

96'..

907.
IZ6.
937.
S1A.
835.

796.

765.
44A.
67:.,

678.
3676.
M5.

587.
4K.
479.

?z1)•

483.
4b9.
4P1.1

'.90.
obb.

i 2 a.

13•9.

3 27.
1407.

1431.
A2o7.

1431.)

1.42%.

I.,0.

1&.?.

*:47.
.17 9.

1j27.

14317.

1Sg.?
1319.

1407.

1431.
I. S9o,
1432.

1i 24.
.i1a. :•

1'.9o.

1a410•

.*611/.
1*iZ.

£4. b.
1) 01.,

4.-?3,

Ito..
71098

14190.

2..
50..

.40.

.72.
.bb.

.lio1.
17'*.
3. a.lZe,

324.

4., 3.
31 6.

3oZ.
177.
377.
3 D 1.

37M.
P6.J
'?+a,

P; 3.

339.
4, V.

41g.o

430.

46%.
.4.;.4

'019.

532.
tv 7.

551.
4& 5.
370.
Z, D ý..as&.

ta.'

51-..

30%.

1#04.

1.5.
1'.0.
IW(.

1.f
IN ,
19.o•
28.1%

i 4...ý
25.1%
27. !

'.5..

45.!

57•5

59o•

63.3
53.C1

SS. !

67.1..

Si•,.'.

bb*.!
105.5

10',0.S
69.0
77.0

73.
?4.0
67.0
it2. 1
73.0

114,00
137.0
8?. 5

122.0

Ib9. r

169.,.
123.3

136.0
114.f

%3v.a30a.
20d.
7. 1.
72o,
7-a.

71.

7,.

NO~.

77,..

'El...

02Z.

7•0..

?•,.'.7?.,041.3.
757.

@2 a.

7i..

7'3.•
b0•o,
17.7

0.4.

97a.,

?14.

%4.c .

to..

oo3.e

,4,I'.a
6AO*

:1. V.

Sj ft r.D0
M,3,

A3.9

01.3
91.C
'9..'

97..

134,7

&02.,

1?Tv
G&.L 4

13 4.

17...?

Iwo.-
ZI 4.

19'...

1'c. 4.

242..

q.0,.

.70..

291..

212..
10..,

21*-

220.i
22?,.

27....

319.1

tZ. r,

3•.2.?

In 6- 5
.j 6- A

90 6- 6
11F 6- 6
46 7- 0

HE1'1,

SL
714

7-
7-

7-

6
6
6
3
0

S
6
A
3
3

YK 6-
3J 8-
75 6-
71 9-
814 9-

118 9-1IF 4ý-
7810-
S8141-
IIKIO-

9611-
11 111-

3
3
0

0

0

0

S311- A
?711- 6
IJI)- b
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6 U4 5 "0'Z AltA I c hit ju I IAT 1411. AL uAT A

123r524
14

13

47

71
72
7374

73
17
7r,

69

81

84

13
91
96

.02

111

133

j3. 4 71 .JA T; Lt

47. .1 4t2. 2

? bZe I ?310ý 74 g.Z
3551.2 621.4 e3t.4
v.7;,2 Des.? i33.6
417.! 3. 9ez.4
45(l.6 44.5 ..4?

13L1.9 94:.. 9t3.7
.5aý.4 91C.3 164.2. 5
44t.a 9i( .7 96P.6

4;, .6 doles e62.4
*5'54.7.? 844.4 p449.
1031.9 ry14.41 it. 54
404.4 fly.* I.SC.2
453644 92,.? 9tC.:
;44.5 4,31.8 9LI.4
06,40S 9s4.a~ 947.4
965.9 903.9 934.5
476.1 42;0.1 9"206
974#.1 921.7 94t.6
;36.5 00304 913..)
651.4 015.C 641..5
772.4 3N6.3 UNS.

619.7 %e3.!, bete?
4s2.2 472.3 477.4
'483.3 46v.4 471.6

4944 49.9 KcAh

650..o. 460.4

,L440.. 1210.6 S422.2

1j464# I1*d.& 1647..1
14743.. ISul.. s343.4

141..'. 121.1.1 238.40:

A£4312. Is. 134. * a394 .
.144'.. 1344.4 !,tile*

14a.47. l~b'..'c 14 U. V

A1# 4.5 I A A9 a* Z 44207

1'. 1,kio 1441.6 114 "01

1250.0 #61.3 1154.'.o
1143.4 40 a.1 144.10.5
110.2 a 4. (p 723.u
ri5.6 044.6 077.6

TJ04AkUwt.j (1.1: (b--:

S.,g10.5

21.5
29.1
5,.5
61.1
67.0
h6.5

73.)
61.5

76.0

170.5

69.5

106.5
1202,

118.0
124.0
111.5

152.5

10. 0

63.5

14.3

6?3,

53.6

53..

Si,•

34.3

63,.S

01..o;

7'.o)
0•..

Mi1 At%

o.3

2741
41.,

61.3
61.3

o2.4
64.,
65.4

69.00

?404

Mgo
89,6

69.0

71.0

146.4
135.0
k16.6

;,JN 0ý9'i -iAl.;( mJ- ý,r,.TISTIýAL DATA

.2

43.

6704

7I71

73
74
7?
76

ill

131

,o 27.4 a 7t.

34*.1 31b.. 34 4.
'413.4 £33.2 Mel1
! at.1 3 .3 36 .e.8
37%.7 3 .,3 379.6
411.1 37.1 ol o.5
41*0. 375.1 34c...
4 ?!. t 337.4 if91.0
Sj).6 33,.4 417.2

435•. 3'U..1 .? 452.
4;9.5 41J.4 46.5

121f. 6 4 4 •44,.

4.6 1•7. 495.0
32 4.3 432.1 74473
W5.3 3ic.1 U11..?
Me2. 3 b3.4 4 5't..to

$meet 444.4 524.4
651.2 4 c o. .14,.1
564.1 127.4 421.1
5?7.3 ...0 30536 4772.
551.1 2!3.3 031.4
29?.5 1?,.Z - 245.6
241-.9 164.7 2cc.0

MAX5 *mth t AftA9
471. .j. 4.4

711. s.t 704.4
??to.) No's3 ? 3t. 14

l.0 lot 17. b 1:0 . P

10;4.3 rcaoz )IO.'

U4.1 .t. 14J.3 '43o Z
7% Z3, 51414 74...7

100.3 4$402 More'

thee )c 1- 768 173.4
460.1. 646i.b 72

.14i.a 549s.1 73.
235.01 5 ; c), 07.4.&

Oig... S47-.4 c9.93.
6.4.15 414.c2 612.4

bi..i ;, ?91.6

4IA .4'4 flLAil
14.7 ,3.J 1.32.
33.0 20,. J..?
6S. b 6i.4 62.4
a7., 714. 91.0

L91.5 .3403 1% .1
1A491. lu3.e 372.2
191.4 .7.5. 181.9
18S.9 13v.4l 176.8
Lover It-g? 26481
253.8 lJ.% 19d.?Is?.0 l~vo9. 199. •

442.1 I 339.'. at A.b
M.l AV,#4., 210.6
M22. &6.5. oi 10.6

366.1 196,*3. i2v.1
2P5. 5 l12.4 ~40703

431.8 14.a Z72.0
3 5 .It 22'..o 2 5b. 7
307.1 243..o. 279.5
43312 o3s.. 261.9
44.o1 lbop.; 299.7
432.1 943.7 4230.
$15.5 &94.v. 3%5.b
427.1 215.6 35o.1
433.9 173.4 35*.9
JL1.6 242.6 jj9.3
3 %4 .1 36,#.v 2.6.5
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900.00

800.00

700.00

,, 600.00

500.00

*- 00.00
S..

3 s00.00

500.00

tOO.00

100.00
5S.O000

5 1.000

Z0

0.

FLECHT SEASET BUNDLES

TIME CSECO140S

rLICHT SCASET BUNDLES

1652~.0

1500 .0

1000.0

750.00

500.00

30.000 a

25.0000 ,
S.,

MSM

10.000 '

0.0

--

-S.000 1

a
S.
g

TINE ( SECONDS

Rod 121, 1.98 m (78 in.)

S. I
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a

SM

a
I-
a.
S
SM

100.00

100.00

700.00

600.00

500.00

400.00

300.00

200.00

100.00

- - - - - - - - - - - -
rL(CHT SEASET 9UNDLES
low logo? sally
CH/Sym ISS/I 10?12

C
C

TIME f SECONDS I

1B S. S

165?.0

1500.0

1250.0

1000.0

IP50. 00

A.

500.00

30.000 1

MOW

C

25.000 ZZ10.000 =

15.000

0.0 "

-5.0000

- 170.26

S 150.00
C

125.00

= 100.00

S75.000

• 50.000

25.000

C.-; -00

FLECNT SfAStT GUuuoiS
RUN 6090t 30117
CN/SYm 199/I 10212

C

S

TINE I SECONDS I

Rod 13G, 1.98 m (78 in.)

S.
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900.00

800.00

100.00

600.00

z300.00

200.00

I00.00

150.00

a€

125.00

- I00.00

13.000250.000S50.00
I 125.00

4 ~
2 000

FLECI4I SEASET BUNDLES
RUN 6030? 30117

CHI5YM?'u 1 ?____ __

C.

tIMl ( SECO•NS

IFLECT SEASET OUNDLES
I*uU 60302 30317
C,/Sym 27011 11i12

TINE SECONDS I

Rod 13G, 2.13 In (84 in.)

t65F.0

1500.0

1000.0

750.00C -

500.00 "

30.000 c

as.000

?o.ooo

15.000 "

10.000

,..

5.0000

o.o0-5.0000!

0
,a

60902-6



900.00

600.00

700.00

Goo.00
, 5i00.00

500.00

X 00.00
I.'

?00.00

100.00

1530.00

00. 00

100.00

s170.c8

'I

05.00

V.9

4,

5 10.000

7•5.000

L50.00

I-

:fl:ff 9

€C

FLECIT SEASET BUNDLES
RUN 50902 3031714sm35/ 2/

9

TIME C SECONDS

4T SCASET BUNDLES
60502 t0ll?

YM 3a5I1 1|4/2

TIME C SECONOS I

Rod lIE, 2.29 m (90 in.)

S

1652.0

1500.0

1250.0

tooo.o

1000.0

if

750.00 -
if

500.00

30.000 c

25.000 'r

15.O00 =

4...

20.000

5.0000
0.

4..

10.00 "

S

60902-7



900.00

a00.00

700.00

6 600.00

tio
500.00

500.00

- 300.00

? 00.00o

100.00

-FLECHT SEASET BUNDLES
RUN 6030? loll?
CU/Sym 163/I 136/? ______

165?.0

1500.0

P?50.0

1000.0

750.00

500.00

9
3 I

TIME €SECONDS)

8 a

- 170.28

150.00

•00.00

La

45 I0.00
5as.000

E 10.00

fm

9-•.o

a ~

FLECHT SEASET BUNDLES
RUN 60102 30117
CH/Sym 363/1 136/2

30.000 a

10.O000 '~

?0.00

Win

- I ______________ I ______________

a
a

TIME I SECONDS I

Rod 12D, 2.44 m (96 in.)

8

60902-8



900.00

100.00

700.00

S600.00

"O0.00

400.00

300.00

?00.00

100.00

165?.0

1500.0

1250.0

o000.0

750.00

500.00

C
C

TIME ISECONDS

IC.

- 170.28

S150.0031 IZO.00

9

I 125.00

10.000

cc

es. 000
~ 0.00

41:9

FLECHT SEASET BUNDLES
AUN 60S02 30817
CH/Sym 199/1 IS?/?

VA

30.000 c:

25.000 '

ZO.O000 "I,-.

15.000

10.000

5.0000
0.'

o.o

10.000'1 S

C
C

TIME (SECONDS

Rod 13G, 2.82 m (111 in.)
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900.00

IDO.00

700.00

~.600.00

5•00.O00

4 = 00.00

•300.00

00. O00

100.00

FLECWY SEASET BUNDLES
RUN 60901 30ou?

CH/Sym 403/1 161/2

165.0

ISOM.

1250.0O

S.
€a
€a

TIME CSEC01%0S

S.

1 170.28

S150.000

Z 125.00

10.00

o..

30.000

M-'

15.000 a

6r

a

20.00

wo

0

TINE i SC 5o s

Rod 5J, 3.05 nIl

Si

(120 in.)

60902-10



700.00

600.00

500.00

400.00

300.00

?00.00

100.00

700.00

600.00

500.00

00.00

300.00

•0O.00

100.00

0

o 8
8 a

C;
40
V..

1?92.0

1?00.0

1000.0

800.00

600.00

r

000.00

?12.00

1?92.0

ti?00..0

$00.00

800.*00

r

400.00

W ~.00
C
0
0
C

C)
Ct 8

C;0
C!
C-,
C',

60902-11



300.00

25M.00

200.00

S150.00

10O.0O0

0.0

100.00

650.00

ZO0.0

572.00

:00.00

400.00

300.00

200.00 i

100.00

M2.000

0

S
a.
a

?jut i SOislu$ I

1 250.00

100.00

50.000

FId14? SIASFt ILOCRID lUUOL( LOOP FLUID ARC VAPOR ?CMPfIR*TUl(
p~ul 6010?

-4-- A.

572.00

500.00

400.00

lO0,co

M.00.0

100.00

3?. 0000.0
C50

0
0
40

FINE 9 %[Como%

C
0

0

0

0
0
0

60902-12



.I'LIN t S[AStf ILO@I[E IU*•OLI fLUIP LI - ---$.000t

HeIllN SiIi6 Slit$ SiSS14 1.0000

S0.000 " .0000

30.000 _ _ _ _ __ _ _ _ __ _ _ _ 5.0000

5.0000

30.000

ao~ooo .0000
.0.0000

10.00 .O0000

0.0000

0 .0.00

-40.90000.76

0.099 --' -'.. .- ---0 .990

0.$S99 I~rLtcHT SEAS(T @LOCKED MOLE[ .9t

AIIu 601ce -$aloe €090? 90902
0.$000 ,CH/Sy" 20311 taste lot/$ 306/, 1.7500

0. 7000 1 .5000

0.;000 -\ 1.0000

0. 3000

* 0.2000 0.5000

0.5000 0.2w

0.0 0.0

-0.0998 _ V -o.20OO

TINE I SECONDS I

60902-13



321.51

300.00

200. O00

150.00

100.00

50.000

0.0

4v *.2500

. *.0000

" 3.5000

I

. 3.0000

Z.5000

qC
.-2.0000

• 1.5000
I.'

-J

•, 1.0000

0.5000

0.0

(a S
TIME ISECONOSI

S

10:91

$00.00

500.00

400.00 i
-a

VI

300.00 V,

200.00

100.00

0.0

12.500

10.000

7.5000

'4

5.0000 >

.0 a

2.5000

FLECHT $EASCT ILOCXED SUNDLE TEST SERIES
60902 HEATER RODS
OUENCH TIMES (ALL T/C)

" . *.e.

ot0

*

0.0

0

OUENCH TIME (SEC)

S. S. 0A

60902-14



3.7U66
3.5000

K2.5000

2.0000
I.Sooooa

1 .0000

O,.5000

0.0

Vic
TIME (SEC0N0SI

0.5000

0.4000

0.,000 a
'A

0.3000

0.2I000

0.0

1.2500

0.7500 2,
I-

0,0

0.0

142500

0.750
I-
'I

0.20

0o0
I.

TIME ISECONDS)

60902-15



3.7m

3.5000

3.0000

0.0

1.6000

a

1.0000

ca

0.600

0.0

FLEC.T SEASET BLOCKED BUNDLE TEST 60902
LEVELFT) ,-7 7-, ,-9 9-10 10-11 11-U2

I 2 3 65
I _ _ _ l _ _ II,

r4-iI

O .305

0.5000

0.3000 .

I.UU

ID B

TIME 4SECONDS)

B
SAM . 000.0

1.0000

0. 75W0 --

0.75001 .. ,

0.2500

• ----0.0

TIME (SECONDS)

60902-16



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:
Test type:

Parameter:

61005

8/24/82

Forced reflood

Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods
Flooding rate

Coolant temperature

Initial bundle water level

0.271 MPa (39.3 psia)

871.6"C (1600.9°F).

21-1.93 m (76 in.)

2.30 kw/m (0.702 kw/ft)

2.28 kw/m (0.696 kw/ft)

2.29 kw/m (0.698 kw/ft)

38.6 mm/sec (1.52 in./sec)

51.7°C (125-F)
+4.5 mm (+0.18 in.)

COMMENTS:

Inlet mass flow:(1) -0.4% linearly increasing to +1.3% by 400 seconds

Power decay:( 1 ) peripheral rods, +0.5% at 110 seconds and thereafter

bypass rods, -1.5% linearly decreasing to -0.5% by 400

seconds

blockage rods, -0.5% constant

1. Relative to run 31203

3542X:1/082983
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FLEC14T SEAST Lob RO BUNDLE TUST SERIES
RUN Nmu"ER6100S

RODIELEW TINITIAL NAAI Mum TENPERAT&iRt TURIAROJ'40 outMc P QUEN CM

C4A4. NO AT FLOOD TE 4P! RATUkr. RISE TINE TI .iPMiEATult TINE

(D0G F1 |3EG f) 101G F) (SE: ODS) (DES F1 SECONOSI

96 1- 2 3 669. b8o. 17? See 532s 22.5

101 2- 0 6 8?77?. 9. A0D 8.5 b19. 46.c

96 3- 3 9 1104. 1200. 76. 1400 74?. 84.7

3J 0- 0 11 1340. 140. 101. 19.0 7670. 1160.

IN 0- 0 12 13213 142%. 111. 18.3 a33. 119.5

SK A- 0 13 134C 100 1-0. 28.fl 7.". 1Z1.0

SN A- 0 14 1335. 1436o 121. 17.5 634. 113.

I2D 0- a 1? 1323. &*19. 9o. 19.5 773. 1160.r

SE $- 0 Z3 1*474* 1060. 191 52.5 835. 1680.3

76 5- 0 21 1533. 1762. 1690 41.0 793. 1710i

96 3- 0 24 1319. 10M. 16. 400.5 025. 160.9

SE 5- 7 33 152*. 1722. IV. 600.5 824. 203.1

86 5- 7 45 15250 12740 ZZ . 600. jL 214.1

914 5- 9 52 1456b 1095. 239. 7500 836. 210.6

76 5-10 59 14960 171?. tale ?2.0 723. 220.b

?F 5-11 62 14460 1069. 223. 72.0 790. 22.5.-

46 5-11 64 133). 4714. 182o S1lot 199. 233.1

21 6- 0 67 15860. 17990 113. 530. 7910 230.v

SD 6- 0 70 1488. 1710. 222. 61.5 7.00 232.'

bJ 6- 0 74 1521. 1095. 175. S2.0 779. 236.7

71 60- 0 66 1526. 1739. 11). b.0 7P0. 213.3

111 6- 0 8s 1553. 176*. 151. 56.0. 01. Ma1l

a" 6- 2 97 1365o 020. 201. 81.5 711. 2Mez.2

s5 0- 2 99 1539. 1739. 200. &2.s 773. 249.8

91 0- 2 105 1307. 1723. 4160 940.0 24*o 51102

e" 6- 3 111 14080 1640o 240. 8400 755. 268.t

AS 6- 3 124 1532. 17b)°. 267. 70.5 797o 255.0

11t 6- 4 134 14067 0731. 2*64 92.5 610. 202.2

90 b- 4 143 1532 17760. 244. 73.5 807o 261.0

9J 0- 5 165 1521. 1748. 227. 860. 939. 250.4

9m 6- 5 166 1573. .790. 2250 60.0 s19. 26201

A 6 .0- 0- 192 105480 176. 2100- .??.3- 7g04 27.9

90 6- 6 193 1527? 1791o 2640 73.b #0. 2*2

I1F 6- 6 173 1530 177V. 226. B7.A 8UD 262..

46 70 8 261 1514. 166.1 17o. %lop 711. 3w.0

70 7- 6 309 1461. 173*. 2740 78.5 729. 348.0

7I 7- 6 312 1487. 174*. 258. 8 1.4 752t 337.3

111 7- 6 325 1484o 17130 2260 9.95 7990 9..0

5L 8- 0 337 12960 16470. 331. 13,0 7440 U6..

7H 8- 3 345 1328. 1678. 330. 160.5 705. 33061

7K a- 0 34b 1345o 1910. 312. 122.5 709 3602.2

Ja 0- 6 366 11450 13960. Z$1 137.3 03. 397.0

78 S- 6 So8 1143. 1%10. 267. 77.5 672. 387.1

71 9- 3 383 10770 14*3. 358. 1720. 072. 409.2

014 9- 3 S87 1030. 1376. 384. 16905 U4. w 1. 7

9c 9- 3 389 2032. 1335. 334. 150.3 6035. 01. 2

11F 9- 3 394 1029. 131. 2#60 173.5 834. 331.7

7I10- a 408 860. 1232. 3860 101.3 629. 43002

8MID- 0 415 849. 1*04. 429. 170. 5 76. 39G.1

8KID- 0 417 855. 1238. 388. 165.- 572. 43302

8s1C- 0 418 865. .8so. 010. 1240.3 0* 431.,#

0H11o- a 429 6740. 83. 163. 1130. 539. 40304

9611- 0 431 674# 91ow 230. 173.5 760. 22o.l

111El- 0 *32 673. b70. 197. 163.0 71%. 2060.

SJIl- 6 403 061. 825. 1.53 111.1 609. 310.0

7M11- 6 437 038. 939. Sa1. 215.2 ),)1, 40.,.

IJIX- 6 438 6?40 602. 12. 11,00 53. 425.z.
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RUN 61005 "AEIR PiUu STAIISTICAL DATA

MAX TEMP IOE6 F)INITIAL TiPP (DEG F) TURNAADUNO TiMI (SEC)

kLEV
12
24
39
46
603
67
69
70
71
72
73
74
75
70
77
76
79
65
61
64
84
90
96

132
111

132
138

MAX il0i MAN
675.3 669.0 672.5
977.0 65603 60639

1183.7 1135.1 1154.0
1346.0 1313.1 1332.7
1532.6 1399.7 1491.6
15806, 1463.0 1543.8
1527.2 14S6.3 1503.0
1599.0 1495*9 1526.1
1532o, 1445.6 148b.6
1)9001 1409.1 1535.3
158?.9 1473.4 1529.7
1589,0 1304.6 15C5 .
1596.6 140062 1514.9
160009 1443.5 1540.1
1576.o 1470.6 1526.6
1567.9 1314.2 1533.5
15?4.9 1492.7 1539.7
154809 149509 1523.6
1544.0 1433.O 1497.5
1551.1 1456.3 1506.4
1507.3 1461,06 1510.7
1494.8 141104 1440.7
1369.1 1236.9 1331.0
116.06 1030.3 1147.9
1177.1 1024.0 1045.9
913.1 043.4 654.1
67?.3 666.9 072oZ
674.3 037.5 053.0

lux R 1N Mt AN
OU.4 o8..0 069.7
017.j 9..06 902.4

125a.6 1206.? A127•7o
14svo5 1916l. 1440.5IT7C9.9 1$390ole1s9ol

1770.1 1019.2 1722.3
170.9 1609303 1701.0
0773.2 108634 1791o1
1735.D 140164 la08o1
1?9'.. 1091.5 173?7.
1761.3 A603.4 1729.0
170 .6 10ai.a 1723*0
lbOlo. 104062 173.00
16 0ol 1704`03 17402
18610. 1606.3 1760.4
1835.4 1531.# 1771.0
2*1,1. 1702.3 1768*0
1834.2 1172.4 1802.1
1011.0 •1760. 4760.o
1090.5. I)92*5 1053.0
1725.9 1044.. 17b6oV
1772.4 1.72.4 1723.3
17•01 159407 170.0
1507.7 1360.9 1447.2
1442.4 1217.4 136602
1337.'s 1,193.0 1251.5
145.2 03Jos 8M1o0
939.0 dZsoj 658.5

HEAW

14.0

52.5
?Sol.

75.I9

72.0
712.0

91.0
92.5

95.5
9400
93.0

7800
96o2

16610
16915

18h5.11502

so*
995

li.5
17.536,0

40.0

41.0

41.2
41.0
53.0
43.0
52.3

55.00
55.5

4085
40.5
600.5
76.5
77.5
60.5

1106b
113.5
1,1060

REAN
Do0
6.5

13.2
21*3
41.0
40.7
V5.3
55.064o2

50.6

604.
600.U4.0

74.0

75.7
70.78308
$402
65.4
7703

139.5
160*a9
16587

14702

RUN 6131. .1cATck Kit) STATISTICAL DATA

E L - 4
12
24
39
4.
60
67
69
70
71
72
71
74
75
70
7?
?9
79
a0
$1
64

46
9j
90

132
111
123
132
136

TEMP 4 15I I E6 FI

MAX f RI PFE AN
01.5 10.3 17. 2
4C.3 37.2 36.6
70.0 6S.6 73.5

12CI.k 960.3 Ic7.9
191.3 139.5 169.1
222.6 161.6 178.0
239.1 174.9 396.5
220.7 173o7 193.0
223.4 161.1 Uo1.3
240.6 151.1 2C2.0
113.2 189.6 199.3
7?3.6 171.4 217.1
262.0 162.2 223.1
264.1 libe1 224.1
291.3 17?.? 232.6
201.6 2c0(o 231.3
287.68 21.2 240.4
321.6 240.2 2el.2
31609 236.3 280.1
16306 135*2 14606
223.0 110.3 190.2
29D.4 225.6 257• 5
3s0.? 311.1 340.2
336.3 251.1 299.3
400.3 224.2 32C.4
4404. 29C1l 391.4
269.8 163.4 213.0
301.5 152.1 UCses

QIc nf TEMP (016 F)

MAX "IN PEAN
251.9 32e.7 549.0
020.J 6.2.2 614.*
76w.4 144,v 749.0
Ut 4% 132.6 77103
917.0 1.J,. 632.7
91z*4 711*5 161*o9

t37.9 142.0 64b92
6204. 722.0 600.9
015.2 17040 7V9,2
631.0 FOO.0 76803
643.7 140.3 466.?
046.d W62.7 770.?
674.0 54#3.9 7Ub.5
0o9.1 013.5 791.1
U3.06 514.2 770*0
6g4.3 S199 774.s
667.71 03*.3 762.*4
0.ol 0906 7e60.
61.6 690.40 7.de0
615.1 694.0 73603

047.7 &06o. 7M2.7
#22.3 090.4 774.9
734.0 Sa1. 672.2
633o3 04.,4 660.1

7MO.6 467.0 600.0
62s.? 490.3 62903

OULNCN TIME ISiCI

MAX HAi MEAN
24.? 22.5 Z3..
46.0 44.3 45.0
li7. 61.9 84.4

121.0 112.5 110.4
17094 1)7.4 lo9.2
214.1 194.3 Z)5.5
222.0 2Ofo. 214.9
22601 215.2 219.7
233.1 223.2 22W.1
241.8 22.69 234.4
243.1 226.0 130.2
204#.2 230.2 245.2
269.1 239.1 253.4
26292 24..1 2$6.9
193.1 153.2 26.04
607.7 257?1 273.7
313•1 26005 279.4
113.1 272.0 240.3
312.2 277.9 291.3
31.,Z 291.0 302.4
114.1 1302. 1113.
303.1 322.0 334.9
3177. 351.e 301.2
41206 365.2 368.2
423•2 331.7 402.4
452.4 2460. 411,6
446,2 223.1 342.7
425.2 172.9 347.7
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FLECMT SEASET BLOCKED BUNDLE 2132.0
RUN 6l005 31203CN/SM llI ;5• 2000.0

1000.0 
y-e 

-y

1750.0

800.00 1500.0

1250.0

*6 100.00
1 1000.0 :

x 430.00 750.00

MAO500.*00

200.00 TI

TIM4CE SECONDS0I

tg9.~~~ FLECmT SCASET BLOCKED BUNDLE 3.0
RNUI 61005 Moll3

~ 7500CH/Sym 96/1 IS/Z17.030.000

?SDD

12.0 
9D

0

-. 150.00 _____ ____

15.000

4. -

2 15.00 N

.. 00000

aIU 15.000 31

" 05.0000

0.0 0.000 .

R o5.000 .00 1

TIME C $EC0OUDS)

Rod 114, 1.88 m (74 in.)
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1200.0

1000.0

800.00

40o.00

z 00.00

100.00

?219?. 0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

INA:8

SM

SMa

a
SM
B.

9
40

T S O

TIME 4 SECOWO$

o175.00

*~150.00

1 ?5. 00

U

1 100.00

75.000

dc 25.000

0.0

FLECH? SEASET BLOCKED BUNDLE
RUN 11005 31203
CH/SyM 108/! '1/2

____ ________ ___
35.0m0

30.000 •

ZO.O0O

S

5.O000

I0.000 ,"

5.0000

0.0

C
C

TIME ( SECONDS

Rod 13G. 1.88 m (74 in.)
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---- LmT [T $LOCKED BUNDLE?192.0

RUN~00 *10 300nu/•y $1040 It20 200.

1000.0
1750 .0

800.00 
1500.0

1, SO0.O0

600..00

1000.0
4 

49

100.00 750.00 IL

500.00

,00.00 
O0 :

TIME CSECONDS3

RUN 6100 00003

S175.00 ________ 18_/1_0_/? __

- 30.000

" I0.O00.

IA

7 ~5.000 __5._0oo00

IZ5.0000

100.00 5.0000

0.0 .000
w. 

SAO

. . . . . .. .. . 0.0

TIME SECONDS

Rod 121, 1.98 m (7/8 in.)
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IZ00.0

1000.0

300.00
I,.

600.00

,.'

4 00.00

200.00

100 .00

€
€

FLECNT SCASET BLOCKED BUNDLE
RUN 61005 MCI0
CH/Sym 199/i 102le______

e131.0

?000 .0

1750.0

1500.0

1000 .0

750.00

500.00

112:88

I-

'S

C

I..
if

S

K

175.00

E SO

S

S115.00

N 100.00

75.000
S

• 500.00

Z5.000

0.0

?0.000 ,15.000

,.*

10.000 '
SSOO

O5.000 0

0.0

C
C

TIME ( SECO $ D

Rod 13G, 1.98 m (78 in.)
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1000.0

1000.0

800.00
i,=

S., $0O

£00.00

_198.66

4j
w 175 .00

C."

150.00

•2•.00

100.00

75.000

50.0

Z5.000

0.0

rLECMT SEASET BLOCKED BUNDOLE

TIME ( SECONDS )

| .... LECHT SEASET BLOCKED BUNDLE

-RUN SIM 3t03
CH/Sym 308/1 1?61?

i , I I

TIME S ECONOS

Rod 63, 2.29 m (90 in.)

a19?.0

M000.0

1750.0

1500.0

1250.0

1000.0

750.00 I

500.00

35.000 c:

~r,.B

30.000 '

25.000 x
I-.

30.000 •

15.000

10.000

cc

5.0000

0.0

Si
C
"5

S
C

61005-8



1?00.0

1000.0

100.00

600.00

4000

200.00

100.00

1tS2.O

O000.O

I750.0

1500.0

U*50.0

1000.0

750.00

500.00

I-

C

mM
S

4
S
IM
0.

a-

IR

TIME SEICONDS I

8.

N.

a. 198.S6

La

150.00
a-,
a-

7=I5.00

5 t0.00Z 15.000

0.0

-- - - - -- - -- - - -- - - - - -
FLECHT SEASET BLOCKED BUNDLE
Auk 61005 31?03
C141SY14 30s/t lis/2

35.000

30.000

as.000

Is.000

10.000

5.0000

0.0

C

TIME 4SECONDS

S

Rod 7D, 2.29 In (90 in.)

61005-9



X•• A

- - - - - -- FLECHT SEASET ILOCKED BUNDLE 2|9?.0

RUN 6100'5 1100.

1000.0U.0

tOO0.0~~~ -Il lý1750 .0

300.00 1500.0 -

'=' 1250.0

o00.00
1000.0

4000
7510.00

*00.00 7500.00
000.000

100.00 ... .. . . .u... . . fl' :88

TIME ( SECONDS

19 . . . . . . . .3 .000 c
FLCCHT SCASCI BLOCKED BUNDOLE
RUN 61005 W03

175.00 CHSY_ _2_/1 _ -4

F ý30.000
- 150.00

25.000

S125.00

i 0r20.000

Z 100.00

t,-

15.000 
,

Li75.000 

4

SM ___ ___ - - 10.000

50.000 _____3

c- MOOD_______ 
5.0000 .9

0.0 0.0

TIME SEC00S I

Rod 11E, 2.29 m (90 in.)

61005-10



1200.0

1000.0

600. 00

t' oo.oo0

100.00O

- 170.28

I,'

150.00

1?zZI5.O01 600.00

a

50.000

0.0

S .o
sr000

-SM gf

¢C

TIME ( SECONDS

8*
8
C

2192.0

?D000.0

1750.0

1500.0

1250.0

2000.0

750.00

500.00

30.000

25.000

20.000

?O.O00

5.0000

O.ODD

0.0

-5.0001

5-

SM
C

SM

a
S.-

a
SM
0.
K
5-.
I-

5-

'I
S.,
C
"a
aa
S.-
.5-

a
S
S.

S.-
m
5-
a
SM

~1

5-
SM
C
'-I

a
-5-

I-'
5
a
S.-

* I-

S.d
S

FLECHT SEASET ILOCKED lUNDLE
RUN 61005 31203
CH/SYm 369/1 153/2

C

TINE I SECONDS

Rod 9C, 2.82 m (111 in.)

8

61005-11



1000.*0

800.00
*J
6"
ca

ZOO.OO0

100.00
1 00.00

FLECHT SASET BDLOCKEO BUNDLE -
RUN $100s 31203
CHISYM *15/1 163/2

TIME I SECONDS I

FLECHT SEASET BLOCKED BUNDLE
RUN 61005 31203
CH/Sy "M 415/t 163/2

e132.0

2000.0

1750.0

1500.0

IOOO.0

750.00

500.00

flP:88

SM
a

SM

S..
4

SM
a.
I
SM

0 170.28

04 150.00
I 125.00I

tZs.OO

S100.00

,750.000

i 0.0
SM

30.000 c

15.000 2'

20.000

15.0000 •

10.00

d9

I I I ~-5.0001

a
a

TIME ( SECONDS I

Rod 8H, 3.05 m (120 in.)

S

61005-12



1000.0

900.00

800.00

700.00

600.00

500.00

400.00

i 300.00

N0o.oo0

100.00

1000.0

900.00

o00.00

70U.00

600.00

500.00

400.00

300.00

00.00

100.00

fL(CheI 1SA[IT iLOCEID lSUODLE AIAL VAPOR TINMP[IAVUR[$
I (*0Svl* tI, /Il 44s11111 ta

//--,-

1831.0
1750.0

1500.0

1250.0

1000.0 -

750.00

500.00

9 :88
CC
C
C C

0

flIu t SECONDS I

9c;
C
V-1

1832.0
1750.0

1500.0

1U50.0

1000.0

750.00

0500.00

TIME g StIcsD$ I

8 8
c;
Q.

61005-13



500.00

400.00

200.00

ZO0.00

J 100.00

I

0.0

uo.o00

M50.00

100.00

150.00

100.00I
50.000

0.0

!

S
a
a

?WI I S~SU3I ~

5

S3U.00
$00.00

300.00

700.00

$00.00

500.00

400.00

300.00

200.00

100.00

32.000

500.00

600.00

300.00

?00. 00

100.00

3V.000

% L(tot UASIT sta((ol IllnDLI too# ILUIO A110 sAPOIN It P(AAIURI(

5N~~ 14,1 1 Sih %oo's

_ _ _ _ A ~__ _ _

4. 6 A~ - ~r

8
a a

a

lint lcsr

o0

61005-14



50.000

30.000

10.000

O.000

0.0

-4.*9937

0.1100

0.7000

0.6000

0.S000

,, 0.4000

0.3000

* 0.t000

S0.1o000

0.0

-0.0530

8
9

?IN[ I ILCOkcs I

B
Sr

FLECUT S[AS[T ILICK[I $UNCLE
RUN 61MO5 61005 61005 s6005
C¢IVN 0calls ICSo1 still S05ol

P/- ,,-,••Am.'. ., -

2.0000

1.0000

0.0

-0.7250

1.5000

I.SO0

1.0000 i

0. 7500

0.0
A °WN

I ' & ~ I *&6vw

B.
CD
C

TIME I SCONDS I

B. B. B
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79g.53

300.00

250.00

G ?00.00

150.00.4
I

100.00

50.000

0.0

4 .O000

" 3.5000

x- 3.0000

MOO

' 3.5000

3.0000

0 2.5000

0, 2.0000O* .5000

0.0

co

TIME (SE CONDS)

S

700.00

600.00

500.00
I

*00.00

300.00 I

200.00

100.00

0.0

13.9t4

12.500

10.000

z

7.5000

5.0000 >

2.5000

0.0

rL[CHT SEASET IILOCIC[O 1UNIDL[ TEST SERIES
61005 HEATER RODS -
OUENCH TIMES (ALL TIC)

• a

-:

S
S

a -

OUENCH TIME ISECI

19 S.
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3.7406

3.S000

3.0000

• Z. O000

o_ e.sooo

1 .0000

0.5000

0.0

0.5426

0. 5000

0.4000
9L

a.a

0.3000

a

O.Zooo

0.1000

0.0

8 T 8

TIME ESECONIDS)

8 I 4

4

l.2500

1.0000

ira

0. ISM

rLECHT SEASET BLOCKED BUNDLE TEST 61005
LIVEWLET) 0-i I-z Z-1 3-4 4-5 5-6

S3 4 5 6

me ga' W avi ma "Was

1.1500

1.0000

0.5000

0.0
0.0

L 81
8

TIME (SECONDS)

S S. 8* V.
4
'9
4

61005-17



3.7608

3.5000

3.0000

, 2.5000
a

4o 2.0000

2p 1.5000

1.O0000

0.5000

0.0

1.25J00

LEVELfrT) $-7 7-8 I1-9 $-10 10-i11 -It

2 3 4 5 S

TIME (S[CONDS)

RLECNT SEAS[T BLOCKED BUNDLE TEST 11005
LVLI[ V( T) 6-7 7-1 1-9 9-10 10-11 It-it

!1 2

r

b

0.52$6
0.5000

0.4000

0.3000

0.2000

0.1000

0.0

1.250O

1.0000

Z0.7500
3

S0.7500

o.sooo

0.0

\ I
_-~

0.0
*6

6.*I S

TIME 151 CONDS)

§
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61106

8/26/82

Forced reflood

Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial.peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.277 MPa (40.2 psia)

885.7°C (1626.2°F),

21-1.93 m (76 in.)

2.30 kw/m (0.702 kw/ft)

2.28 kw/m (0.695 kw/ft)

2.30 kw/m (0.701 kw/ft)

24.9 mm/sec (0.981 in./sec)

52.8-C (127-F)

+1.5 mm (+0.06 in.)

COMMENTS:

The mass flow through the steam probes which aspirated through the bottom

of the bundle was reduced.

Inlet mass flow:(1) +0.6% constant

Power decay:(1) peripheral rods, 0% linearly Increasing to +0.5% by 120

seconds

bypass rods, -1.3% constant

blockage rods. 0% constant

1. Relative to run 31504
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FLEC4T SEAAET 13 WoJi OUNDL& TLST S6Uf6

TINITIAL q4AsjAu IMPPERATURc TUkPi&41OJ4d) Qujfm m
C N&1. I3 AT FLCCD 7EMPilRA LPC 011i T14l TEFieRrlT.JAN

(Dii F) :GF) (SE:34D$) |i FI

63 0/E L! V

I;
13 f4

96
31
?pl

1-

3-
4-
4-

C

3
C.
C

Uri 4-
SNl• 4-

SE -
ia -

C
0
C

96
SE
a'
In
76

7F
46
21
50
63

5- 7.
5'- 7
5=- 7

5-10

5-11
5-11

6- 0
6- D

?n 6- 0
111 6- f

611 6- a
SN 6- 2
li 2-

811'6- 3

46 6- 3
JIM1 6- 4

90 6- 4
9J 6- 5

3
6
9

11
12

13
14
17
20
21

24,
33
45
52
5q

62
64
6?
?0
74

66

97
99

124
134
143
165

166
192
193
1?3
261

3;9
312

337
345

34t
366
366
303
387

319
394
43P
415

t17

429
431
432

436
437
4 3P

e91.
9C3.

1236.
1372.
135v.

1373.
1372.

1.116.
1 !76.
I *2.T

15•..
1'.61.
1566.

1!S27.

1471.
1548.
16.
I!le.
1547.

1554.
1574.
1394.
1256.
13S4.

14$.o
,573.

1 # q". .
I14t3.

1547.

16C1,
I 6cl a
156C4.

1Z523

1512.
1541.
1 51C .
1325.
1359.

1373.
1159.
1112.

IC66.

I(.b('.
Its,
eTo,
679*
61061

699.

to? .

673.
651.
eeT.

744.

7137

.137.

.57..

io 44.

1....

1.39.

1:70.

.'. 3.

.9C7.

sz?..

1046.

Ivie.
1.4.
.S47..

14 60.

1o1,.

C2•o.

16 17.

ZIS;.
Ir. to,

is 2..

1%3a.

1•41.

.927.

P, si.

17 2.

"I-,.

Iva ..

2'.31.

I134.

1065,
.. 479.

23.
a J.

13k.IM

1?7.

2•,5.
l1q.
171.
31..
257.

193.
1%6.
J38.
4se.
409.

437.
37a.
3%7.
197.
329.

39%.
32.,
5V 7.
#02.
034.

503.

497.
*43.

4.1.0

.#.#5.
4L 5.
397.

$01.
49f.
43)3.

o41.

554.
533.

043.
bb 3.

595.
0419.

677.

551.

48L.
339.
D 02o

T.r
11.5
19.3
47.7

45.5
47.04?.c
44. !

73.'

15.5

112.5
9;.*A

91.11
1*6.C

94. !

4Q.,f

144. !
139.0
134.5

is3.C
13b.

1430.

9".5
122.0

154.0

162.0

147.0
115.5
126.O
142.0

132.00
173.C

17. f'

235.2

165.5
227.2
076.1,
25d.2

145.5
2?.. !
263.2

2bo.2

37v. 2255.2
239.2

570.
.23.

?•1.746..

76..

026.
947.

.•9.

07..

V5.o

91T,
642.

91%2.
105.

04.*

we?.

.2416.

8CD.

907.

.62.

923.

917.

931,
9*69
96S.

71S.

?47.

9.,9.
Vii.
923.

797.

931.
79..

,.7o
'75.
735.

7w7,
5o,9

5og.
77..

611.

797.

030.

657.

54D.

540.

044.

64 .
bak.657.
540.
4..,

Tl I

25.424..,
W3,..7
i.1. 4
142.v

137.v
o,.

Z7.,

&.3.4

2.6,,

2.9.0
273. o
Z6.4.

20~ '.;

354,:.

3., 0.8

3180.
346.7
334.6.

33.9C
343.6

353.0

434..?

3•8.0
143.7
39..]

%47a*

440.

434.;
46..s

47f. ;
325.1
324.1
5v4.1

o5.%;
56 a. 'L

5391.4
587.7

392.2
)47.3

341.4
3.4.,7
.76...

on 6-

I1F 6-
46 7-

S
a
6
6

70 7- 6
7 7- 6

11e 7- 6

SL 8- C
7?r a- 0

7K 1- 0
Si 1- 6
7 1- *6
U8 9- 3
In 9- 3

9C 9-
11F 9-

a £10-
I81Q-

3
3
0
3
c

6111- 0
96I11 0

11111- 3

bil1- 6
7ll- 6
AJ|- 6
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RUN 611C0 n&Alt. swu STATlAlr"L DATA

QURMCA TrnNP CES 1171pEP 41SL 1314 FI QULfNn 1ft- SiC|

ELeV
12
24
3;

40
6C
6?
69
70
71
72
73
74
75
78
77
74
79
I!

61
64
06
91
96
11.2

itzI
132
136

13.0
52.6

112.5
211.1
314.6
36?7.
437.8
4#39. 4
436.7
7144.7
1422.2
511.4
513.2
318.2

1#94 .2
490.5

516.3

451.2
5336.2
71t. 0
666.2
SV,0 4

779.1

442.1
534.0btz6.8
9 3d.

N•.0
49.8
S7.0

.240.5

11Z.3312,4

343.4
323.1

3115.3
344.4
35q..3

372.3
4120ý
4.605
342.2

337.1
431.0

2.9.3
533.3
3404.
541.4

306.4
47704

ME Am
22.6

10s.4
16$.9
293.4

3!34. 1
394 I.

373.6
421.2
417.4
413.3
435.4
430.9
44,C.d
479.6
40 e.0
303.7
404.2

345.5
504.8
594.3
076.3

491-2

qA X
27,0.

o... 3B&1.9

1,.47. 0
407.0

&CC$* 3

f'9410

478.090*,.0

ItCS. 3

41w6. .0V96.•
99002

1eT4.9

007.1
502.1
V7ez.

NHi MILAN
3oo.1 )01..3
4j3s.i 042.1
163J. 7v2.9
163J.6 9*g1
801.5 91001
0o004 914.1
07.06 922.4.24.1 94.0.3

642.4 99406
802.9 924..

M43. 33.0414b.9 91J.9

7.4.91 945.1

734.o 92.as
?30.6 9&904
640. 2 917?.9
0414*4 9CL .0
73'..' 704.2
790.. 9069o
160.6 090.3
W3. 04 6#89.P

at1b.9 092.4
003.0 73-.00
30.0.3 as7.##
*434.6 341.5
1044. %I0t 72.9

MAx
27.8
54.0

1 ## .90

150.4
224.0
273.9
209.0
299.5
301.0
314.9

322.9
342.0

353.3

371.1
373.6
394.2

306.7
413.6
427.2
454.9

494,0
$333.2
960.2
053.2

467.0
$76.a

him
25.04
49.9
W~ed

1358V

273.6

29...0

304.00JJ4*9

J3109

33,.o

337.9
337.8

35,.9
373.o

440.J
Sc',T
473,9
34673
3109.

54T.3
tive/

het AN
2608
51.0
99.9

141.3
216,0

279.4
207.6
293.5
A 3.6
310.5
324.0
333.1
335.2

379.9

471.1
340.2

398.5

434.5
430.0

474.4
S31.4
350.5
500.2
octal*
334.*3

$.jm 6110f. a..l. ,F~i ti1r14r;&.L DATA

41 I l AL F .- I ie , tU . fI Fdala'. A.,v 1.3. t.:L;

2'.

73

7.t

Is

d'*

71
70

7i

Ot

93
96

132
136

1.4 I p., p[ 0A

4 2.1 67. 04.9
1115.0 £11L.1 114C.2

1278.' O7I5 1,1o. 4.
151C.9 1524.1 1.14.4

0547.4 1471.3 1514.4
1317.o4 &369.5 1521.3
1624.2 14O..4 1549.?
1bt1.q 1394.4 1.13C.
1211.9 l,28.5 5333.7

114.1 1334.4 157•.,
1313.0 152c.7 11.70.0
15?1.2 OZ2..? 1339S.1
138?.8 1401.1 11374.3
1362.• 5 460.? 1527.2

1037.5 L4e~41.4 q.

14*7. I3 4#..0 1 53.2

l1340. 1434.7 1SCI.0

1412.5 1112.3 1359.0
Oldi.? IJS.8, 17!.0
1412.5 b),9.3 1 ,p .1
134.9 820.4 403.4
%96.4 604.0 09C.9
19T.4 051.2 019.4

PIAX I L.1 it. A1

.a3?.4 .2a..? .ja1.9
1;7..l 1o7 . 0400

.oda.. 01.3.2 1613..o
1462.. X13,0. 19515.

A •54o4 LOJOel •Ovqoli

1903.1 1614.6 192.%p

2.31.3 16J.2. 192v.&.

.V04.7 1314.7 2o261.

1961.3 044.6 1910.9

.1340.. 104O3. 10901,

1.47.. .4Sio. 17V40.
1113.5 134.4o 10971.

24.6.92 13951.320 .359

6414.3 Ivo.,a 147. 3
I-Po. 1130..4 1VIOo4

186, 3 #tt9 IVSo44
iQO.O4 1614JO5 IVOO,

16G..2 1191.2 assi.7
IJ33.j 119.0*v 124l.ý
1110.i 113-1*O 1104o7?

A441
7.1

12.3
2F.5
47.1
63.,

111.3
135.0
112.5
153.00
113.u
149.5
152.5

16300

1S6,10
156oO
155.0
163.0
161.5
163,.

255.0
268.2

27o.2
377.2

RI'.
n, If

O .0
19.34A. .1C
14-1

49O.

5,.,

03.3t

90.5

98.0 *
3i .5

04 J

Si.2

'34.3

19.05

'Loa. .0
22o.2
1jo3.

At Art
7,L

2J.3
45.7
90.5
Oo.1
.8,2

112.4
11.6.

1Z4O

430.3

.173.1
195.4
21120

114.9
120.4112.7
1s249

.33.3
140.3
175.1
195.7
215.4
223.9
249.7
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1300.0

11.0

'a

Sd
a

* 00.00

I00.00

---- ---- ---- ---- ---- ---- -
ASET ILOCXED MOLE

RUN 1
CH/ Yu 145/1

ootý

2372.0?MY.O

?000. 0

1750.0

1500.0

1?50.0

1000.0

750.00

500.00

'a
Sd
a

Sda
a-
4
N

S
'a

a'

TIME I SECONDS I

B S S

$

- 193.$6
LI

~ 75.000
W~.oo0

0.0

30.000 '*

S

a

15.000

10.000

LI

a-

15.0000~10.0 at

O.000

0.0

a

TIME I SECOND$SI

Rod 13G. 1.93 m (176 in.)
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1300.0

1000.0

~, 00.00

6W10.00*00.O0

b t 0"0.O0

t0. 00

100.00

- - -- - - - -- -- - -- - - -- --
FLECHT SEASET BLOCCED OUNDU
4Uk MCI 1004

CI.
o

B
TIM SEOD

B B. B

',J

S175.00

*" 100.00

0..

h.0

B

Z372.0
2•50.0

2000.0

750.0 -

500.00

302000

?5.O000

20.000

15.o00

10.0oo

a

5.0000

0.0

I
C
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TIMIE CSECONDS

- tgS.6~~ rLECMT SEASET BLOCKED BUNDLE3300
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61208

8/31/82

Forced reflood

Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.269 MPa (39.0 psia)

871-C (1599.8°F),

3H-1.70 m (67 in.)

1.31 kw/m (0.400 kw/ft)

1.32 kw/m (0.403 kw/ft)

1.31 kw/m (0.400 kw/ft)

15 mm/sec (0.60 tn./sec)

51.1-C (124-F)

-1.5 mm (-0.06 in.)

COMMENTS:

Inlet mass flow:0) +1.3% constant

Power decay:(1) peripheral rods, -0.5% linearly increasing to -2.5% by

400 seconds

bypass rods, +1% exponentially increasing to -3% by 400

seconds

blockage rods, -1.5% exponentially increasing to +3.5% by

400 seconds

1. Relative to run 34006
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I.4,.

1653.

1w? 47.

I V 30.

1.36.
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1,0. 0
121.0

146.5,

156.5
120.00
145.53

1210.
147.o5

115.0

122.5-
116.5
117.0
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64.0.
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f13.6 66". 8675.3

1119.1 1174.4 119 3.4
1171.2 13 M0.5 13',7.2
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9.5

64.5
41.2

.305

Oz...

81.2

&10 8

93.'

14; 16

1041

1236o

19ieý1S6.6
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116.7
117.2
133•5
129.7
129.8

12b.?
141.6

167.o
eat .3

266.9
2 .44. 0

RU'N 612t a A.AClc ejD StATAt1iAL VAtA

Mh.d, rnp mI.; FiIt Mi' A I SL A OF 6 t 3 QJChCn FlAt (ý,LýI

I z 17.b
Z4 4. 1

4. 14905
61 226.5
67 316.6
67 37e .0
70 355.3
71 3d7.1
72 377.2
73 19.o9
74 461.9
75 444.0

77 412.6

76 416.6

@1 434.3
61 426.2
04 4b. 5

66 467?.
91 $17.3
96 b0.9

102 713.7
111 76Z.O
121 deb.4
132 1Sa.4
131 612.7

MAN -L AN
15.7 16.0
36.2 37.9
76.2 91.7

110.4 136.4
1w. 4 2c1.4
179.6 242.6
241.1 29C.9
191.5 276.9
247.3 327.5
2•2.3 292.4
23t.7 194.4
24P.? 344.6
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06009 640.9

loses *60..6
**'Lee d59.6
156.0 6&*.1
?2906 $s.?.
71#317 73*01

lao.2 0*0.5
121.1 04p~p g
ba~.0 667.7
as&.. 069.3

.22. .1 0 113.7

5~,4 743.1

to ,o

1553.
215.o

241.0

277.8
262.2

273.0

MT/0

133*1

561.4

343.0
45.3,
353.4

M I'q

1716 e I

23.0.
t74..

.o? .4

333.2

39"0d
4O.1..

0.t,..

.61e1

41...
.v6.6

H'4a

J2.7'

•5o.

&AA.:

276..

2P...

114.1

844b6 0 0%04

61208-3



1300.0

I200.0

1000.0

%j

30.00

600.00

400.00

FLECHT-SEASET TEST SERIES
RUN 61DOI 34006
CH/SYM 173/1 3b/ý

. .........

?37a.0
2Z50.0

?000.0

1750.0

1500.0

is50.0 -
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1250.0 -

1000.0
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1300.0 . . . . . . . . ...- 2372.0
FLECHT-SEASET TEST SERIES 260.0

1200.0 RUN 61203 3400.
1 0 YM01 0.1 10110

1000.0 1750.0

800.00 100.0

12s0.0

.00000.0

ILUI

400.00 750.00

500.00

200.00
fl:8

TIME I SECONDS I

170.28 30.000 c
FLEC4T SEASET DUNDLES
RUN SI108 34006•-

t4-.125.00 CH/SYM 187/I 10112?.

0.-4- 20.000z' I00.00 I

S100.00____ ____

15.000 ,

x 75.000__ __

10.000
S50.000_____

___5.0000
• 25.000 _ _ _ _ __ _

4M0.0 ____0.0

•-ea.se8 
.-4.0501 x

TIME I SECONDS

Rod 6J, 1.98 m (78 in.)
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1300.0

1900.0

1000.0

? 900.00

1C

L.'

100.00

FLECHT-SEASET TEST SERIES
RUN 6108 33009
CH/SSY 19O/t ss/2

C

C

TIME ( SECONDS

S. S

237t.0
Z?50.0

2000.0

1750.0

1500.0

S..0

C

150.0 . S.'

30.000 c-

e.000.

SID

750.000

S.-
5.00.00

0.0 <

- 17O.?8

150.00I

1000

? 15.000

0.-
5-.

2 00.00

5-
/S.O0

J 75.O000

•50.00

"U 98

-4.0501

9
Cp

TIME I SECONDS

S. S

Rod 7H, 1.98 m (78 in.)

61208-7



1300.0

I NOO. 0

1O00.0

1000.0

900.00

600.00

S.'

I.
" o00.00

ZOO 00

100.00

- 170.29

150.00

I00.00
"t

It 75.000

510.00
es 75000

L50.00

?t
I- .®

5-o~

. . . . . .. . . . . . . . . .. . . . 2250 .0FLECHT-S(AS(T TEST SERIE]S
RUN 61208 34006 e25SO.O
CH/Sym 1i;I/I 37/t

2000.0

1750.0

1500.0

1250.0

2000.0 "

750.00

500.00

TIME ( SECONDS 3

FLECHT SCASET MUNOLES 30.000 a

RUN 61208 3)S00
CM/SIY 176/ 1 37/2

es. 000 '

u I-

0..
.0

5-

05.00 S.

. . .. .. .. ... ... - .0S0

C
C•

TIME ( SECONDSI

8.

Rod 9F, 1.9b m (78 in.)
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1300.0

1200.0

1000.0

$ 800.00

600.00

400.00
IMA

100.00

FLECHT-SEASET TEST SERIESRUN SIM~ 34006
CHISYM 26411 126/2

D
9
10

TIME ( SECONDS 3

e372.0

Z250 .0

2000.0

1750.0

1500.0

IZO.O

750.00

W0.000

31.000 c

70.000

15.000oo 1

5,0000

0.0 <

-5.0501

1 t70.a8
4,.'

, 150.00

tOlO.O0

105.000

AJ

" 50.000125.0000.00

2b

S..

o..

FLECHT SEASET BUNDLES
RUN 6110l 34006
CHISYM 264/1 12612

F

! .

9
c

E E

TIME ( SECONDS

8

Rod 7E, 2.13 m (84 in.)

61208-9



1300.0

IZO0.0

1000.0

SM

., 900.00

$00.00

I00.00

FLEC14T-SEASET TEST SERIES
RUN Wo$ 34006
CH/Sym 3es/l 1?4/2

2372.0
2250.0

1750.0

1500.0

1650.0

1000.0

750.00

500.00

5-

SM

a
SM
U

4
U
SM
a.
I
SM
S.-

o
19

TIME (SECONDS

8

- 170.29
sM

125.oo

S 150.00
.125.000

In

4b

S750.000

0.0

*?,2.988

30.000 a

MOO
a

25.000

5.0000 -

S..

0.0

-1.0001

a
a

TIME ( SECONDS

Rod 11E, 2.29 m (90 in.)

61208-10



1300.0

ZOO.O

1000.0

800.00

600.00

--

43 400.00

200.00

100.00

LECHT-SEASET TEST SERIES
RUN 61209 34006
CH/Sym 309/1 119/2

8
C
C

TIME I SECONDS

8*

-. 170.28

S150.00

S1?5.00

S100.00

S75.000

4I.

50.000

? t5.000

a-

= 0.0

-22 * 88

5LCNT SEASET BUNDLES-
RUN 6IZOS 34006
CHISYM 309/1 111/2

8

2372.0
2250.0

2000.0

1750.0

1500.0

1250.0

1000.0 z

750.00

500.00

30.000 a

La.
C

e5.000 '

S

20.000 Z
S.-.

I,-

15.000 0

0.0 <

I I U ~ -A - f

9
CD

TIME ( SECONDS i

Rod 7D, 2.29 m (90 in.)

8 S

61208-11



1300.0

1200.0

1000.0

90o0.00

800.00

2 00.00

I00.O00

rLECCT-SEASET TEST SERIES
RUN Wo20 3%006
CH/SYM 349/1 131/2

2372.0
2250.0

2000.0

1750.0

ISOM.
1i500.0

1250 .0

1000.0

750.00

500.00

112:S8

5-

SM
C

SM

S..

4

a-,

I
SM
5-.

C€C

TS

TIME ( SECONDS

S. s.

- 170.28

:M 150.00

IMO

.- 75.000

00.000

Z5.

- 0.008

30.000 0
0-i

?5.000
I-

20.000 =

15.000 =

10.000

5.0000

0.0o.05

"4.0501

9

C2

TIME ( SECONDS

S.
SJ

Rod bE, 2.44 m (9b in.)

61208-12



1300.0

1200.0

1000.0

800.00

I.'

• 600.00

00

31 400.00

t00. 00

100.00

€

FLECHT-SCASET TEST SERIES
RUN 61c20 34006
CH/SYM les/1 IS132

TIME I SECONDS

FLECHT SEASET BUNOLES
RUN 61206 3006
C1/Sym 389/l 153/2

2372.0
Z250.0

?000.0

1750.0

1500.0

M25.0 0

1000.00

750.00

500.00

- 170.28

150.00I0 .O

125.00

100.00
0-

- 75.000

5c.O000I-

a-

25.000

-0.0

-ZZ.988

30.000 c

25.000
!

20.000

15.000

t0.0o0

5.0000

0.0

-. ^a..
4 I - - - . . *-ý. ujIJ

C
C

TIME SECONDS

Rod 9C, 2.82 m (111 in.)

61208-13



1300.0

1200.0

1000.0

Li

, 800.00

I.'
ca

= 600.00

400.00

?O00.00

100.00

FLEECT-SEASET TEST SERIES
RUN £1203 3006
CH /SYm 4o0/t 16 ?//2

a
o

TIME ( SECONOS

aa

_ 170.29

150.00

125.00

100.00

•, 75.000

I-o~

I .00

a

4 05.00

-22.388

Q
9
Q

2372.0
2Z50.0

2000.0

1750 .0

1500.0 "

1•5O.O -

1000.0 "

750.00 z

500.00

30.000 a

Z5.000

O
20.000

.-
S.-

15.000

5.000

10.00

54.0500

a
€a

T S

TIM[ 4 S[CONOS

S. S.

Rod 7B, 3.Ob m (IZO in.)

61208-14



Q•00.0

1000.0

800.00

600.00

: 400.00

200.00

100.00

1U00.0

t000.0

600.00

iL(coly SCASI1 MCK(ED auwk( AREIAL VAPOR tt"P(BATuabs

Q * CCCCý C5

k LC"I M.AHI SLOCRIO ouDL6 lNIlUS&I WALL 11"PIBaIAst I
$auks" 6IOo 1

:):3

)

2192.O

2000.0

1750.0

1500.0

1650.0

1000.0

750.00

500.00

2•19Z.0

1750.0

1500.0

1650.0

1000.0

750.00

500.00

600.00

200.00

I00.00
88
Im

!

190

?INL I I(CSUDI I

S
S
a

61 208-15



700.00

0oo. oo

500.00

4010.00

3200.00

Im00oo.00

0.0

500.00

400.00

300.00

NoO. 00

4

= 100.00

0.0

I L(CCM USing ILKICIUI OUNLI 16001II3S WALL ?3NPIIEflN3t
Avga stilli' le

B S CIOS I

a-JP

- s-4-

,fl5:S

1000.0

750.00

2i500.00

150.00 N

31.000

93?.00
900.00

E

800.00

700.00

600.00

JvUUU

400.00 i

300.00

?00.00

100.00

3?.000

TiN, ' UCORRI I

B.
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3s.474

30.000

ts .o00

0.000

15.000

• 10.000

• 5.0000a

0.0

-o.4*l8

-. !n('
4

a

2

-.•C9

5.0000

4.0000

3.0000

2.000c

1.0000

0.0

-0.7250
S

TIME I 111colps I

K
a

4
£

2
C

C.
0

TIME I SECONDS I

a
C
op
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150.00

125.O00

100.00

7 15.000
4

50.000

Z5.000

0.0

3- 3.5000

I

-3.00010

S2.50000
0

0~oo12.0000

0.5000

0.0

o a a a a ao a c a
. a8 a a a a

- C

TIME (SECOIjOS)

a

391.25

350.00

300.00

Z50.00
I

200.00 '.

150.00

100.00

50.000

0.0

I3.944

12.500

10.000 -

5.0000

2.5000

0.0

0 al

S
a
40

OUEC CH

aa
aa

lIME t~ECI

0a
a
0

,0
0

0
0

0
0

0
0

o
C

61208-18



3.7015
3.5000

3.0000

Z •.5000

Z~.0000

1.5000

1. 0000

0.5000

0.0

1. ?500

1.0000

0.7500

a0.5000

0. ,OOo

0.0

FtECmTSAE BLCKE BUDL TES 6

TIME (SECOkO~i

rL(CmT SEASEY BLOCKED BUNDLE TEST 61108

LIE(i -1 1? 2 3 3 - 45 56

0.5 9

0.5000

0.400c,

0. looc

0.0

I.?S00

1.000c.

0. ism

0.a

0.S~ ml

0.0

a
TIME 6SECONDS)

Cf.
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3.7015
3.5000

3.0000

1 .5000

S1.50000

:7 0. 7500

0. 5m

FLECHT SEASET BLOCKED BUNDLE TEST 61ZOS
LE VE.(Fl) 6-7 7-8 8-9 9-10 10-11 11-12

1 2 3

C

C

0
0

TIME ISEC0ND5j
I 2

c,

0.5369

0.5000

0.4000

0.3000 <

I

0.2•000 .,

0. I000

C, .0

1.2O00

1.0000

C

0.7500

MOOD

0.500

0.0

TIV'E (SECONDS)

8
9

'a

61208-20



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61314
9/2/82

Forced reflood

Peak power effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:
Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.274 MPa (39.7 psia)

876.50C (1609.7-F),

8N-1.93 m (76 in.)

1.31 kw/m (0.398 kw/ft)

1.30 kw/m (0.395 kw/ft)

1.31 kw/m (0.398 kw/ft)

38.6 mm/sec (1.52 in./sec)
51.7-C (125-F)

-4.6 mm (-0.18 in.)

COMMENTS:

Inlet mass flow:

Power decay:( 1 )

(1) -0.6% linearly increasing to +2.9% by 240 seconds

peripheral rods, -1% linearly decreasing to 0% by 120

seconds

bypass rods, -1.5% constant for 150 seconds and -2%

thereafter

blockage rods, -0.5% constant

1. Relative to run 31021

61314-1



ftO;)t1LE V

1-3pI 2- 0
96 3- 3
3 1 4- .
?h 4- 0

IK 4- 0
S "4- c

129 4I-
5E 5- 0
76 5- 3

96 •-
T-?

dO 5- 7
'014 5- 0
?f 5-10

?F 5-11
46 5-11
2i 6- a
50 6- 0
bJ 6- 3

FLEC4T SEASE1 103 AiJ &UNULC Tt.% SERIES
RfJd r•Jdc-1b-i&4

TINITIAL MAzu•RIU ITIPtsATURL TUR4AROJ4'1 duivh.
C.4AN. NO AT FLOOD TEMPERATukta it1 TIM: TkjlMPKATJKc

(CEG F) (DEG II ItcG F) (SE:O..04D31 D F)

?A 6-
116 6-

Sr 6-
SH 6-
-) 6-

6|4 4-
46 6-

1111 60
ID 6-
9t 6-

99 6-

IIF 6-
4 6 1-

TD T
7; 7-

76 7
116 7-

5 L-
5N 6-

7K I-
5J 0-
78 8-

?7E 9-
$m 9-

it 9-
11F 9-

OHIO-
SK10-

8N1114-
6HIL-
9611-

IIII-

0
I.
2
2
£

3
3
4
4

3

6
6
6

3
6
9

11
12

13
14
17

21

24
33
4.
52
59

62
64
67
70
74

66
or
97
99

1.

111

124
134
1%3
165

166
192
193
173
261

309
312
325
337
345

346
366
360
383
367

399
394
4c 8
415
417

418
429
431
432

436
4)?
438

686.

1236f#
1!5b.

1360.

1370.1361t.
1.'36.

1579.

1532.
2136.153;..
1q494
1312.

1452•
1543.

1534.

155•6.
1346.
137i .
1542.

1412.
156,
1467.

1533.

1577.
1 56C,.

1501..

1494m
12529.
1492.
1313.
1334.

1363.
112.,,
1141.
1112.

10453
1051.

bat .
673.

713.

6•.6

676.

6S2.

694.
92o..

.L6 30.

1402.

122 9.

1404.

.t55.

1: so9.

• 6 30.

1612.

o1%1

161i,

105c'..

Ao.4.

2:22.

1.03.

1040.

.369.

1:166.

Iz1 €.1 .

1612'.

I6f7.a.
1409.

1..);9.

1.509.

14 30.

1626.

1434.

17?..

1463.

12 62.
1243.

sl 63.
1171.

1103.

?27.7??,

7 ad.
737.

6.
1b.
21.
36.
,4.

36.
3..
53.

70.45.

70.
65.
670
60.

39.

55.

134.

118.

76.
514.

37.

3o.

63.56.

66.
05.

100.

123.
121.
1346.
124.

116.

234.

1:,3.

216.

112.

Z:0.
Ile*

%4b.

4.5

9.5
14. t
11.0

110.
10.11
11.5
1.4.0
13.^

14.011'.C

14.5
12.P

11.4
10. 5

11.5
62. r

36.5
120.
11.0C
11.0
11.0

11.0
12.5
35.5

11.0'

35.5
12.0

51.5
61.0

37.0
4 S.C.
70
?0.c

79.
62.5
a 4e0'0

71.f•

94. e
29.0
5,.3..*
72.53

34.,
95.5? 3,'

3-7.
clS.

67.5

697.
Os..731.

140.

744,.

030.7•4*
7e3..

d..3.

747.
716.

706.?7..

7...

77f...
7:..
7uc.
761.

L136.

642.
753.

.13.

7.70

615.
7.3.
736.
OS5.

712Z.

069.
65t.
.33.

395.
7U4.
357.
629.

59;

UV 4.

'414.
52b..

3JmNCn
T14E

(SEC OIoS 1

19.9

71.4
94. ff
97.6

97.1
"5.4
95.2

133.w
131,*

131.4
as2.0
152.t
.5c.3

154.5

16*. f

262.v

.66.7

1604.4
164...&70..
171.0
159.6

179.0
174.7
179.%
177.5
184.1

173..

178.7
11.3.
179.9
261.1

214.1
213.1
211.:
ZZ.1
ZAb. 1

243.4
24 1.2

235.4

210,..25 #. 1
144.3

202.123o...

270.1
116.1

23,,.

216.1
194.5
220. ý,

6
6
6
6
3

3

6
6
3
3

3
3

0

3

0
0

SJi1- 6
7811- 6
S11- 6

61314-2



PUN 61314 M1AIT *jau SIATISTIcAL DATA

ELEV
12
24
3 (
48
61
67
69
73
71
12
73
74
75
76
77
78
72

81

84
80
o3
96

302
1II
12'
132
136

IWIAlL tEMP (OkL ki

1AI MIN PL AN
•97.q 0.40) 6ptez
*,4.9 673.4 Wes8.

1233.8 116J.0 1234.3
139C.2 13.6.4 137I.S
1579.3 1444.6 153F.03
1607.5 15IC07 !6s.*2
1537.0 1493.? 12C.2
1032.0 1483.. 12534.
1543*5 11#52) 1C60o6
1599.6 1473.4 1J44.6
1591.2 147?.7 3532.9
1306.6 .1371.2 1315oZ
1633.1 1411.5 152t.3
16J9.? 146601 152.04
1592.3 1491.6 1549.0
10V9 .06 5306.1 1529.6
1o00.3 150606 15t.09
I1J;,. . 150bed 1553. L
15d6.9 1472.3 113706
1530.4 1433.1 151540
158008 1477.7 1.49.8
1537.0 14to3o.o9 1*94.1
1437.1 1adl? 1357.2
12'30$ 16^.S5 1160.9
1112.3 1044.2 1072.8
927.6 825.J 673.d
70206 09003 690.2
692.1 60*.1 6660.

MAX MAN NALAN
t40b. cots& 694.2
9210.It o64 #464e4

1A61.8 14060 & 12o.a

Z.oI28.; 18.0 137N49.2&65509 A 21; 0 6 1610408

&;53.3 a1 .4 6. 1570.s
16464.6 '4345 1109.1
j4LeLe 121.. 1.2.o7
165030 1A33.1 160148
10*4106 1730... l186.
It-402 1040.7 I374.0
1053.7 1,6v.1 15 3 .
105J.6 13,3.3 1600.9
19C2•2 134.1 101-006
1700.2 •00.7 1563.4
1654.6 A2?0e6 L04LI.1

1640.2 1100.6 LOZ4.9
163vo4 I178.& U14.1
o22.v AS113.3 1370.3
2054.5 1320.A 1009.0
&:, S.o 0a12;0106 156109AZ0 2R.&a 10169 147v.?

13A2.1. 463.8 12Si.ao
1240s3 1153.7 1190.6
1124.7 458.4 10$006
bluff I41.4 764.7
710.0 ?19.. 73a08

TJRIAKUtJkj IIU• ( S E4

MAX nth MEAN
4.5 4.9 403
7.0 o. 600
60. 8.3 6.3

11.3 8.3 10.3
14.0 9.3 11.2
13.0 9.5 a.1
14.0 13., 11.6
3600 1.0. 16.3
14.0 1&.o 1200

.203 A. 3 12.e

360. AJ.o 2).3
3005 10.0 19.2
30.5 .o.5 160.6
4005 10.5 17.0
360. 6.5 17.0
16.5 12.1 160.
*600 1.05 28.3
37,5 1160 29.9
126., 1003 10.9
1305 10.0 11.1
17.0 11.,0 2347

79.f0 46.o 1535
112.0 47.0 7402
114.0 bZe• l e1.

7905 ago. 36.9
98.5 23.0 b9.3

IOUN 611W. rAl.., .JU SIATISACAL UATA

I. mp 44 ). fit 1 f )

LLcV
14C
24
34
07

ON67
67

73

7L
73
73
17
76

61
84
06

90
96

]11

112
lid

qAX
1,04

!6.3

42.2
9,6.

30 . 3
59.0

6507
De.?
Te.3
7403

J29.1

75.2

03.9

167e1
172.3
157.3
225.0
1.12.4
137.9

7.3
14.1
22.8

33.7
4102

410.

.7.7
13.4
45.9
*0.7

'.,o
41.!

10.,1

43.7
t1.1
b2.6
44#4
141.1?
5t.1

91.3
12..1
34.1L
*4.0

lit AN
6..

56. 15'..149.3
:t.!
'5.i62.1

76.4

55.3
59.4
67.312209

50.0
03.1

? 4.80

55.3

67.7
122.5

121.6

184.761105d
68.!o065.

QU&MV. ir.P 46POR F)

AAA MAN IAt A
.2000 J.0j. b551.3
4;0o 1. 4 v.? 6 40 f.0
1&4.. ow*vi? Us .,f
143.4 o70,9 69704
73O0. o90.0 1*4.9
74ol.1 OD*J 720.1
7=.1o 097.9 Udo
611.1 .1 a.4 7?77.
70,4.j 140.. .3 7.33
?6..1 1te.a 770.3

71U.s 093.3k 7b1.)
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670- 02g6 72400
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T. V,8 27D.1 623.0
0*4o1 498o7 611.?
6146f 4046. 517.9C.4,0 =a.##9 51710

OU&hNi lAnE (ILI

FAX 8IN MiAm
21.1 1aW9 1'06
41000 3110 , e6.
73.0 64.3 71.1
;709 9400 V5.7

134.9 129.4 131.o
153.0 14*.? 14909
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161,7 Isq.. 130..
16200 1.0oo 100.6
160g7 Io.## 163.6
169.9 163.2 10601
1?705 162.5 &

7
v.4

17?.0 163.. 172.4
17804 101.4 17O47
18401 16072 17709
1M1.l 1?i.. 17909
169.7 17o1. 10J,.
192.4 Isle* !#bet
192.0 105. 1060.
203.0 A#. 1 19104
247.1 18904 4.00
21701 li3p* 1.l2
232.1 216.1 297.2
240.1 1 v3 237.3
25?01 416., 147.5
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23103 11e.9 198.1

61314-3



1100.0

1000.0

600.00

400.00
I

to(.00

100.00

100.00

- 198.56

z 150.00

Iw~

75I.000
-" 150.00

4 01.00

a-

S00.00

€
€:

- - -- - - - -- - - - -- - - -- --

FLICHT SEASET ROCKED SUNDLE
RUN 61314 31021
CH/sym 96/1 ?sit

ci
TIME SECONDS

- - - - - - - - - - - - - - - - - - - -

FLECHT SEASET BLOtKED 1UNDLE
RUN 61314 31011
CH/Sym 96/1 75/a

- - - - - - - - - -

IOU°O

1750.0

tsOO.O

1500.01250.0

1000.0

750.00

500.00

MBB

35.000

30.000

?5.000

?0.000

15.000

10.000

5.0000

0.0

Co
c; 4 2

TIME I SECONDS

Rod 7M4, 1.88 m (74 in.)
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1100.0

1000.0

800.00

0.e

600.00

400.00

,I-

Zo0.00

100.00

C

TIME SECONDS

1750.0

1500.0

10.0

1000.0

750.00

500.00

15.001

30.000

Z5.000

20.000

15.000

10.030

5.0000

0.0

B..

'S

C

a
B..
4
a

K
B.D
B-

B..

Ii
0~D
C
EJ

a
z

B-

I-

a
LD
I-
B-
C
LB
a
B..
4-,
a
4
a
B-

B-
4
s.d
z

X 100.60

175.00

- 1SO.00

~ 25.000

0.0a

"* 100.00
B,.

I 75.O000
B.'

• 50•.O000
a

0.0

FLECNT SEASET $LOCKED 1UNDLE
RUN l ll63t 31021
CN/Sym 175/1 17/2

C
§

TIME SECON. I

Rod 8N. 1.98 mn (78 in.)

S S
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Z
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T SE
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'a
S..
a

f~.
I

4

a-a
ad

'I

S..
S..
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0'a
S
S..

a
4
a
0-

I-
4
S..
2
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150.00

125.00

100.00
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0.0

- - - - - - - - - - - - -

FLECHT SEASET MCKED 1UNDLE
RUN 61314 31021
CH/Sym I80/1 101/1

t-4-

35.006

30.000

25.000

O.000

15.000

10.000

5.0000

0.0

t
TIME I SECONDS I

Rod 121. 1.98 m (78 in.)

sj
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FLECCT SCASCI $LOCKED $UNCLE
RUN 611314 licit
CH/Sym 306/1 its6it

1750.0
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I120.0

1000.0

750.00

500.00

112:88

85.001

30.000

25.000

10.00

15.00

10.000

5.0000

0.0

. 198.61

0 15.00

*• 150.00

. 100.000-

1 00.00

a"

"75.000

a,-

0.0

C §
TIME ( SECONDS I

Rod 63,. 2.29 Im (90 in.)

S.
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1100.0

tOOO.O

100.0

800.00

I.,

z
Q.4

$00.00
a.

100.00

100.00

!e tDO.00

175.00

5 1O0.00

M ll.000

0.0

€

€

FLECCT SEASET BLOCKED BUNDLE

TIME (SECONDS

FLECMT SCASET BLOCKED BUNDLE
RUN 9l3te 31021
CHISym 301/I 111/?

10005

1750.0

1500.0

1250 .0

1000.0

750.00

500.00

35.004

30.000

25.000

20 .000

I15.u30

10.000

5.0000

0.0

C

TI[E I SECONDS I

Rod 7D, 2.29 m (90 in.)

S B
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1100.0

1000.0

600.00

600.00

100.00

200.00

150.00

X100.00

4

4

- 198.$66

175.00

5 150.00

2 15.000

0 10.00

IA

0°.

C0

FLICKT SEASET BLOCKED BUNDLERLC;TUN.. $ .StS•I, 61314 O~lStott.-•• " . . .

CHSmsil 11

TIME I SECONDS

FLECHT SEASET BLOCKED BUNDLE
RUN 61314 31021
CH/SYM 31711 12112

*8 8 8. 8

TINE ( SECONDS I

Rod 9C, 2.29 m (90 in.)

IW.0

1750.0

1500.0

IA.

1250.0 ,.

10.00.0 K

I-

750.00

0.D

S,-

500.00

35.000 :
'r.9

30.000 "'

1500

10.000

0-.

20.00
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1100.0

1000.0

100.00

100.00

175.00

Id

4

1Z5.00

1 00. 00Id

M5.000

I-

200.000

1 000

0.0

FLCCHT SEASET ILOCKED BUNDLE
RUN It13l 31021
CM/SyM 325/1 112/t

..•.........

TIME I SECONDS I

FL[CHT S[AS[T ROCKED BUNDLE
nUN 61114 3102t

CHISYM 32511 12412

I AfJq 0

"0"so

1750.0

1500.0

t250.0

1000.0

750.00

500.00

fw:88

I

35.008

30.000

25.000

20.000

15.000

10.000

5.0000

0.0

C

TIME .SECONDS

Rod 11E, 2.29 m (90 in.)

B B
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1O1.0

1000.0

800.00
U
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• 400.00

200.00

100.00

FL(CHT SEASET ILOCKEO UUNWL(
RUN 61314 s10lt
CH/SYN 366/1 146/$

1750.0

1500.0

1O00.0

750.00

500.00

Sff:98

'S

C

if

if

K
a..
S.-

C I 8l

TIME ( SECONDS

8 8

- 170.28
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4c.
S.-,

1 100.00

75.000

S0.000

Z 2S.000

0.0
a11
3•:
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25.000

20.000

15.000

10.000
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0.0
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a-
'S
a..
C
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if
2

a-
m
S.-
K
a.'
U
a..
5-
a.'
C
'S.

if
a..a..
=

if
a-
a-

S..1
2

C
C

TIME I SECONDS

Rod 53, 2.59 m (102 in.)

8~
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£00.00
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too.oOO

a
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I?
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1250
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1500.0
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1000.O
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rLECHT SEASET ROCKED 1UNDLE
RUN 61314 31021
CH/Sym 389/1 0312

v
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z. S.

TIME I SECONDS I

Rod 9C. 2.82 m

S S S.

(111 in.)

61314-12



1000.0
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*00.00
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0
09
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9 9 90
CD CD C. 4
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9
C.1
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1000.0
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600.00

500.00
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100.00

ICK Lt(MY SAS StOCK90 $UDkg l"104gLt WAtL f(UPtR*TuBC'.
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160.0

1000.0

750.00 i

500.00

AP:88

1893.0
1750.0

1500.0

C

0

C C;

C
C

C
C
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S100.00
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0.0
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-b--im 111 Wl %e& 1
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41.163 7007.0001

0.000

30.000

So0.000

10.000

0.0

-4*598?

0.o99

0.8000

0. 7000

0.6000
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0.4000
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3.2000

O.1000

0.0

-0.0998

g

I
9
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1.0000 ra

0.0
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I. 200
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*0.5000
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elS.O5200.00

175.00

150.00

125.00

100.00

M 7.000

50.000

?5. 000

0.0

rLECHT SEASET $LOCKED BUNDLE TEST 61314
I1MASS INJECTED IsTOTAL MASS INVENTORY
3oSTEAM OUT *aLI0UID COLLECTED SuMASS IN BUNDLE

TIME (SECONOS)

rLECHT SEA$ET BLOCKED BUNDLE TEST SERIES
613114 HEATER *DODS
OU[ENCH TIMES (ALL T/C)

461.37
450.00

400.00

350.00

300.00

Z50.00

200.00

150.00

100.00

50.000

0.0

I

4€
I

3. wo00

- 3.0000

o.o

0.5000

0.0

13.94,

12.500

10.000

1.5000 0

4[

S.0000

2.5000

0.0

o I
o

OUacUC TIME (SEC)

cb
9 C)

9.
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3.7586

3.S000

3.0000

S .0000
a

-I.w

1.0000

0.5000

0.0

•0.M
1.0000

- 0.7Mm

0.2500

0.0

FLECHT SEASET 9LOCKE0 RUNDLE TEST 61314
LEVEL(rY, 0-t 1-f 1-I 3-4 4-44 5-S

1 2 3 5 5 6

T114E -tSECOiiDS)

FLECHT SEASET SLOCKED OUNDLE TEST 6i314

LVLF 01 1- 13 3- 45 5-

0.5451

O.Sm0

0.5000

0.3000 -
a.

C

0.0 ooo

0.0

I.M

1.0000

0.500

0.0m

0.0,
RID

TIME (SECONDS)

S
c;
in
du

o a
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3.5000

4

I.Wo

t.20000

O.5000

0.0
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1.0000

o0. 75O

0.2500

0.0

FLECHT $EASET BLOCKED BUNDLE TEST 6l314
LEVELIFT) 6-7 1-8 1-3 9-10 tO-Il tI-it

1 2 3 4 5 6

TIME (SECONDS)

FLECHT SEASET BLOCKED BUNDLE TEST 61314
LEVELOrT) 6-7 7-1 B-9 s-so to-It 1t-it

! 3 4 5 6

O.545i

0.5000

a.

a

0.3000 '

0.000

0.1000

0.0

z

0.750

0.500

ax B

TIME (SECONDS)

S S S
a.
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61412

9/8/82

Forced reflood

Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

0.404 MPa (58.6 psia)

874.7°C (1606.4°F),

8N-1.93 m (76 in.)

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

2.26 kw/m (0.690 kw,

2.27 kw/m (0.691 kw,

2.27 kw/m (0.691 kw

24 mm/sec (0.97 in.

120 sec

26 mm/sec (1.03 in.

onward

63.9-C (147-F)

-6.1 mm (-0.24 in.)

/ft)
/ft)
/ft)
/sec) for

/sec)

COMMENIS:

Inlet mass flow:( 1 ) -3% for 80 seconds, 0% for 40 seconds, -6.6% for

20 seconds, and -1% average thereafter

Power decay:1) peripheral rods, -1.6% constant

bypass rods, -2% constant

blockage rods, -1% constant

1. Relative to run 32013

3542X: 1/081583 61412-1
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12..
26.6ý
ad.?
57.6
73.9
8033

840304.3

9,4.5
90.1
93.5

102•1
V9.7

'132. ;
104.0

'04.3
102.4

L23.7
&32.1
165.0
A84 .2

189.0

bUN 61414. isl.t. RJ0 bTA1e5IA.AL UAT4

(dUhCn ILAP lunI 01TrrP tt$, (Dif 1.1 QJ~i.Cr1 [IM.; .)k&6(

tLEV
12
24
J9
4'
63

67
69
7.1
72
72
73
74
12
76
77
7$
79
8,
61
64,
6b
91
9b

132
III
123
132
138

4Ax

149.3

Z39.2
301.9
424.1
42b.7
444.5
409.0
.*31.4#

4.0.7
470.5

321.9
552.6

4?6.3
557.4
732.6
139.4
716.3

538.14

643.1

916.9
237.1
284.3
341.5

345.5

133.7
35&.3
1beS
357.5
367.,
371.5
397.2

443.9
544.2

$wC.4
470.7

mi AN
19.8

46.2
1(7.6
267.1
272.1I
32C.0
36409

323.4

392.7
363.1
364.3
427.3
413.3
422.1
42.79
43C.0
434.6
471.2
463.4
416.4
426.t
515.2
61 9.*1
646.3
234.0

7U3.3

510.9

MA A
616.$

16.64...

lu~b $2.v

&%069. 11lv *61

14,40.2
1011..
Ujo.1
1040.4Vbo,e

i4o. I

96...o?
r40.7

uL2.D. I

10 27. s

N AN
000.6

421.1

Isles
I11.4

776.o
135.8
4* 8.9

420.1
770.6

72*o1

621.4
063.2
782.0

114.2
104.0

MqcAN
61.0o
004.6
03J..041o4

9V4.5

976o2
qvz,7glib.?
967.4
992.1
9540a
96.10
U71.0
14476A.1
94%.1
94...
934v.

35.6.
814.4

6vwo&41L .0

00o4.
1737.
730.4
*03.6
S02.4

tlt
21.3
43.4

Mbet121.1
182.4

229.3
237*3
2,001
t44.1
295.1

275.6
277.7
268.8
29501

335.1
311.0
326.7
339.6
364.1
391.1
410,.

466*•2

456.2

A lot
19.:0
4J.7

Ali .9204.1

21vw.223.4

.2v,4
230.,
£38o3
25,0.%

164.1
272.6ý
27...
164.1
292.1
S14 .5
314t.2

341.3#
s31.t
%11.2

24&.0a25.Q

il63.

•AtA

* 4042.0

Defeo120.1
175.6
111.2
223.3
210.1
235 * C

441.8
246.3
257.14
263.4
260.0

264.8
Z9;#.b
290.9

328.0
12Z*3

382.9
406.7
440.5
442.6
447.3
496.7
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150.00

1235.00

1 100.00

75.000

25.000

I0

4 0.0
Id

I
a

30.000 #

25.000

20.000

15.000

I..

1o.ooo

5.0000

0.0

-4.4041e

2372.0
2250.0

2000.0

1750.0

1500.0 I

ca
1250.0 -

Ide

1000.0

750.00

500.00

1300.0

1200.0

400.00

2, 00.001 100.00

4J).O

tO.O

FLECHT SIASET MOLES
RUN 61 It 3ZO13
CHISYM 1081t 71/2

Me:N
I

I
a

TIME I SECONDS I

S S. S

Rod 13G, 1.88 m (74 in.)
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1100.0
Im.0

1200.0

100.00

1 00.00
600.00

FFLECNN SEASET $UNCLES
RUN $1412 12011
CNISYN J 41j- 1612

- - - -- - - - - - - - -

2172.0
7250.0

2000.0

1750.0

1500.0

Im.0

7500.00

500.00

Mee:O

a

TIME I SECOMD I

S. S S

'3
6'
C

4
U

6.

'3
6*
C

U
S

U
6*

61
6.
6.
6*
C
'I

U
6*
6.

U
4
U
0.-
3.
4
6*
U

S170.29

150.00

125.000

4

OS.000

0.0
U•

V.

-5.008

0Ci

TIME ( SECONDS I

S S

Rod 8H, 1.98 m (78 in.)
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1300.0

UN00.0

1000.0

8 00.00
=I"

I600.00

40.

? $00.00

100.00
10.00

FLICHT SEASET BUNDLES
RUN 61412 32013

110/1 tOl/2CHISY

,001

.0 ... 6-am

0
a S

TINE SECONDS

S S I

- 170.00

100.00

75.000

50.00
e 10.000

0.0

*

-75.000$

FLECNT SEASET BUNDLES
a U S tle 32013 ___ __ _____

CNISYM 130/1 0112

.//

I

237t.0

tO00.O

1750.0

1500.0 a

IL

'a.

150.00

30.000 a

aa00

10.00.0

750.0000
30.0

20.000 ,'
0

20.000
a-

- . - a - a - a - . -

a

TIME ( SECONDS

S. S S.

Rod 121, 1.98 m (78 In.)
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FL[CHIT S[AS[T BIUNDLES[$.

¢HISYN 11111 102/2

1 2 00 .0 
2 2 5 0. 0
2000.0

SIDO.0.0 IS00.0

$00.00

10000.0

400.00OMOD

1750.00

S[

200.00__ 50.0

100.00 MAB0. . . . .. . . . . .. 150.00 a

rLECNT S[AS[Y BIUNDLES 4
,.,RUN 4;I42 3to01 u-f

f•0 .000 •

100.00

7 S.O000_

1 I0.00.0
50.0005

o0.00 S.00

0.0 0.0 c

-24.998 ,-4.4041

TIME I SECONDS I

Rod 13G, 1.98 m (7/8 n.)
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1300.0

1?00.0

1000.0

tO00.00

6, 00.00
ILI

400.00

Z 60.00

100.00

.170.?8

4=

ts *00.0

200.00

100.00

~1

,+75.OOO

'a

*" 150.00

I,' 125.000

< 0.0

6-

2372.0
Z250.0

2000.0

1750.0

1500.0

IIO

150.001000.010

40
c;

TIME SECONDS

8 8

rL[CHT S[AS[T BUNDLES"
RlUNl Sl4l 32013

317$114 tI latit

jV

30.01010 .

20.000

20.0010

0-.

0-•

1o.oo '3

10.00 '<
a.,

•Z4.99s - A I I b & & ~ina ~ -4 BOS 1

a 8~

TIME I SECONDS

8* 8

Rod 9C, 2.29 m (90 in.)
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1300.0

1200.0

1000.0

8000

0 00.00

1 00.00

VMS

15I0.00

1500.0

100.00

100.00

- 170.26

•5•1000

2SO.00

2 5.0
..50.000

-e4.998

TIME 4SECONDS

S.

2372.0
2250.0

1000.0

1750.0

2S0.000 *

ha

I25.0 -

ha

20.000 --

S

10.00.0

S.0000

0.0

zO• !

4.1ha
O. "

2500

- - - - - - - - - - - - - - - - - - -

FLECKI SEASET $UNCLES
RUN 61411 32011
c SYN 3 124/2- 41 K/ 2511

-4.4041

o
o

S S

TINE I SECONlDS I

S. S S

Rod 11E, 2.29 m (90 in.)
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1300.0

1200.0

1000.0

1 00.00

6 00.00hI

%Z 00.00

tSO.O0

1 00.00

16.000

1 00.00

nO.000

50).O000
l.

a .o

500.00

100.001

2
2

2

1

I

I

I

7

S

I
g

TIME 4 SECONDS

B S S S

372.0
250.0

000.0

750.0

500.0

Z5O.O0
500.00 hI

50.000 Z

00.000

S..00

0.000

5.0000

0.000 ~

5.0000

0.0

up

I-

- - - - -- - - -- - - -

FLICH SEAET RNDLE

0

m

c;

TIME t SECONDS

S S

Rod 5F, 2.44 m (96 In.)
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.LCT SES[T #UNCLES 372.0
1200.0 RUN 614 It 12011 _ ZLa*

CHooym 225/0.02

tooo.02000.0

1750.0

600150.00

4o C

, 600.00 ISO0.

500.00
200.00 T - -

TIME SECONDS I

FL0CCT SEASET BUNDLES

I1O50 C0/S0m Wit title

125..00

500.00
I-r

, 15.000
a75.000 '

'0 50.000

25.000 5.0000

0 0.0 - .0

- e 4 .9 98 -... .. .- -_ _. . -4 . 40 41

TIN4E SECONDS W

Rod "7H. 2.44 m (96 in.)

61412-11



1300.0 -- 2372.0FL[CHT S[ASET BUNDLES O.
!200.0 RUN 6 32013 2250.0

CN/SYM 393/1 15/2-
2000.0

1000.0
41750.0

1500.0800.00 .•IO.

1250.0 -

IL z400.00 750.00 ,

.00.00
200.0 1000

TIME SECONDS

_ 170.28 -30.00 a
IrL[LCHT SIAS[T BUNiDLES
RUN $I4I2 320t3

- 150.00 CW/SYM 39ill 13612

/

00.500.0

200..00

100.00 .lM

w 1.000 "
n5.000

50.000

0.0 /• .000

.9.

TINE I SECONDOS

Rod 121, 2.82 m (111 in.)

61412-12



?000.0

1000.0

800.00

600.00

4000

?00.00

100.00

1?00.0

1000.0

800.00

600.00

400.00

?00.00

100.00

Fticowl S(ASI? 11OCAID evWoot SIZAL VAPOR ff"PIRATUA(',
IV%~ 6I4tz

(MS"611 61

"INt

?900.O

1750.0

1500.0

1?50.O

1000.0

750.00

500.00

C
9C
C 9

Co

C3

9 (HMDs 0

C
C

CC

RtSZ.O

e000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

YIW~ a Sg(SmDS I

CC

8 8*
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700.00

600.00

500.00

400.00

j300.00

100.00

0.0

500.00

400. 00

300.00

: 100.00

0ooo.0

0.0

[LIgI Unint PLKEIa *iaImtZ II01U ¥V= unnt5fong
CU/SIN $IC/ I~I SOSi I15I lIIIP liB/S

ling I sIcseu I

ILICHT [$AS(? ILOCI(D IUNOLI LOOP FLUID AND VAPOR T(NPIRAI*UR

51 - _ _ _

. .. .. -4 -4 l,••

1000.0

750.00

3500.00

150.00 i

31.000

!I

932.00
900.00

800.00

700.00

600.00

)Ue U

300.00

?00.00

100.00

32.000
8

o

C

8
C)

TINI I SCODS I
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34.6?4 ~FLICuf HAWS~ BLOCKEDIO UOLI FLUID LEVELS .00
eiasy Wit AIIil 9/

Z5.000 ____.0CN'Y 511 80 533 6'

3.0000
20.000 ____

15.000 eoo
Z.00

S10.000

:5.0000

0.0 -- 4- -- + *--- -e--- 4-4 -4- i--- 0.0

till[ 4 CORDS I

0.499, CLICWT SEASIT BLOCKED BUNDLE ---- 1.1020
RUN 614al 91412 61012 6141a .00
Cu.5vW z03/1 t05,2 10211 306/' .00

0.3001110.7500

00.5000

00.0000

S0.2000 _____

0- 0.200

: 0.0099 LI 020

C
C

TIIIE I SECOMO I
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MOD

I50.000

0.0

* .roo

1.. .0000

FLECHT SEASET BLOCKED BUNDLE TEST 61t12
IsMASS INJECTED twTOTAL MASS INVENTORY
39STEAN OUT *aLIOUID COLLECTED S*MASS I1 BUNDLE

TIME ISECONDS)

rLECHT SEASCT BLOCKED $UNDLE TEST SERIES
614 la NEATER MODS
OUENCH TIMES (ALL TIC)

* D

-iU

o

I
300.00

100.00

0.0

t3.Se•

I0.000

7.5000

0.0

0.5000

0.0
40
0r

9
0

0a

0

OUENCN TIME

0a
00

(SE[C)

o0 0

s-

61412-16



3.6331
3.5000

a. 1.5000
K

a
b 1.0000

a

: 1.5000

0.5000

0.0

i g
TIME (SECONDS)

S C

p.

V.

0.5163
0.5000

0.4000

0. "

0..

0.3000C~

0.5000

0.0

1.M50

1.0000

S0.75000

S..

I FECNT SEAS[? BLOCKED BUNDLE TEST 6141?LI1fT -1 1Z Z-3 3-4 4-5 5-6

0.0

L
19

S C

p.

V.

TINE tStCOO$

61412-17



3.633t
3.5000

&.2.5woo

S2.0DO00
Ica 1.5000

-- I

0.5000

0.0

'Is TIME ISEC0NDS)

0.52;3
0.5000

o.4000

a.

a
0.3000 <

0.0 '0. 7500

0.5000

0.0

0. 2500

O.5000

0.500

1.2500

1.0000

-0.7500

S0.5000

0.2500

0.0
a S

TIME (S[ CONqOSD

S o

61412-18



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 61509

Test date: 9/10/82"

Test type: Forced reflood

Parameter: Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure 0.139 MPa (20.1 psia)

Initial peak clad temperature and location 876.50C (1609.70F),

8N-1.93 m (76 in.)

Initial peak rod power:

Peripheral rods 2.37 kw/m (0.723 kw/ft)

Bypass rods 2.36 kw/m (0.719 kw/ft)

Blockage island rods 2.37 kw/m (0.721 kw/ft)

Flooding rate 26.9 mm/sec (1.06 in./sec)

Coolant temperature 35-C (95-F)

Initial bundle water level +9.4 mm (+0.37 in.)

COMMENTS:

Carryover tank filled up at approximately 590 seconds.

Inlet mass flow:( 1 ) -1.3% for first 60 seconds and +2.5% thereafter

Power decay:() peripheral rods, -2.5% linearly increasing to -4% by 400

seconds

bypass rods, -4% linearly increasing to -6.5% by 400

seconds

blockage rods, +2% linearly increasing to +4% by 400

seconds

1. Relative to run 34209
61509-1



XODIELEV

96 1- 3
ION I- 0

96 3- 3
3d 4- 0
TN 4-0

SK 4- 0
SN 44- 0

120 4- 0
$1 5- 0
76 5- a

8 *?

9N 5- 976 3-10

7F 5-11

46 5-11
SIlb- I

• d 4.. 0

So 6- 0

11t 6- 5
S N 3- 2
SN H3- I
oa 4- 2

SN4 6- 3
48 6- 3

&IK 6- 4
90 3- 4
94 6- 5

on b- 5
ad 4 - 3
90 3- 6

11 6- 6
46 7-0

?0 7- 3

115 7-0 b

SL 1- 0
7" O- 0

3K 8- a

75 6 - 6I a 1- 6

79 9- 3
SNc 9- 3

10 9- 3lIP 9- 3

OHIO- 0MDlO- 0

8910- 0

9611- 0
11111- 0

dl3I- 6?all- 6
$511- •
Sdll- S

FLEC4T SEASIT 163 ROD BUNDLE TkST SERIES
RUN NumsEst61509

TINMIIAL "AXIMIN TfiPiRATTUi.| URi ND QuOa OUNC
C¢AI. NO AT FLOOD TItPERAIURE RISE TIME TCHP1ATUdRe

COES F) MO2G F1 (DEG FE (SECOI0S| 4016 F)

3
6
9

11
12

13
14
17

.20
it

24
33
45
32
59

62
#**

67
70
74

66
80
97

99
105

111
124
134
143

163

192
193
173
261

309
312
325
337
345

346
3"6
368
3.3
387

389
394
408
415
417

418
429
431
432

435
437
438

654.
670.

13470
1329,

1349.
1337.
1332.
14960
15520

1332.

1,528.
1526*
1527.

•1436.

1493.

1434.
152€*
13940
1481.
1516.

1333.
1537.
1333.
1517.
1317.

1393.
12934
1451.
1534,

1511.

15750
1333.
1543.
1528.

1453.

1473.
15110
1417.
12186
13180

1343.
1116.
11390
10900
103.0

1034.
1024.

8560
8440
851,

'73.
6333
666*

6550
643.
6640

376.

1328.
1541.
L2•61,

157.8
15634.
1519.
1059.
13896.

1891.
1674.
19260
2685*
1096.
1883.,
1893.,

181/4.
1947.
187,4.

1923.1613.

IZSo

18b3.

19C2.
4944.

1694.
1931.
1963.
1991.
1935.

1991.
193g.

1991.

1740.

1837.,

1013.
17/20.

1814.5

14569

1413.

1337.
1460.
Its?.

1341.
l655.
961.
963.

821.
9910
v43.

22.
33.

124.
1970

362.
346.
39./.

229.

3.1.
3440

333.
348.
399.
417.o

1w 4.

433.
354o
323.
393.
306.

392.
310.
MIo

365o
6z 6.

501.
397.
514.
404.
454.

4w 9.
4790
abe

3940
36Z.

432.
4950

42 1.
333s,
417.

421.

390.

316.
401.

466.

293.
297.

166.

.146.
179.

9,0
12.0
39.5
$6.5
56, 0

5430
Oros

96010
112.0
1L27.0
134.0
132.3

155,5
124.0

84.5
144.0

100.0
125.0
19230

132.3
18*05
153.0

186.0

136,0

123.0

188.5

1•33.

156.5
133.0

133.0149.0
133.3

219.1

132.5
142.0
333.1

133.0

313.1
213.1
344.1
353.1

23%.2
333.1
233.1
374.1
35201

152,15

12-7.0

22*2.

9ros
259.2
1315,

540.
5930

397.

bob*

696.
69./,
693.N
0,2.
839.

823.
ibi.
gai.
9

3A.
99g.

9.2.

69.Z
923.
894.

833.

607.
0*8e
7.39.
919.

1360.

973.
86..

3833s

739.

649.

918.*

8860*

932.

509.

8O7.
863.
746.
797.

784.
0564.3*0.

695,

3,13
7il.

7612,

391.
674.
Sa0.

323.
51.1.
372.

477.
43.*
490.O-

TIKi

SECONDSI

66ov
134.4
201.3
202.5

203.1
196..
195.%
298.8
294.9

299.7
363.9
371.8
384.7
391.8

399.7
413.6
418.3
418.6
427..

415.9
1422. 1
4#70.8
443.8
*1442.12

434.7
431.7
494.7
477.#
307.9

472.7
312.6
499o7
%of.?
347.8

323.9

603.9
373.4
380.0

333.7

720.8

7249*

7418,

768.2

772.6
693.7?
613.3
736.8

611.9
613. 1
453.5

Se84.0

732.9
85%01
463.1
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RUN 61509 HLA1ipt k60 STATISTICAL 0kT4

MAX TERP 16V6 F)INITIAL TkMP 1016 F) TUftNAaRufUM 11d4 iSLCI

WLIV
12
24
39
46
6A
67
69
70
71
72
73
74
75
76
77
78
79
60
61
64
66

90
96

102
111
120
132
136

RAX PIN REAN
164.6 651.2 656.6
669.6 643.9 656.0

1203.5 1146.6 1172.4
136C96 1329.0 1345.1
1552., 1436,0 1506.0
1599.6 1491.6 1541.4
1516.4 1468.1 1496.6
1590.1 1463.0 1510.9
1519.7 1433s.9 1480.7
1194.4 144V.9 1551.2
1563.6 1456.3 1514.4
1586,1 13535. 1493.5
1567.9 1393.9 1501.5
1609.7 1443.5 1532.9
1574.9 1464.9 15Z139
1609.7 14663. 151707
1562.5 149307 1543.6
1567.3 1454.2 1929.S
1556.5 1451.1 1514.6
1512.1 1392.3 1461.6
1561.9 1457.4 1518.3
1915.3 1418.9 1472.5
16862. 126001 1335.6
1178.3 1015.3 1134.8
1089.5 1019.4 1046#0
909.1 7"8.4 652.6
673.2 657*5 665.4
663.8 642.6. 650*7

NAE 9 IN hi AN
646.9 6731. 678.0

924.5 69.* 906.7
A.27ov 171.4 1297.4
15io.6 1)16.5 1563.4
1914.6 I75..* 1544.5
1926.3 r90 I. s 6%0I4
1666.3 101a71 1852.
1911i.2 1653.5 1066.1
1671o. Idliel 1462.*

1967.7 1•6201 1692*5
1971.1 l64§.9 1915.7
1972.3 1642.2 1911.6
Zf,069 1OCGbo 1951o.
U 94.4 191 5 19W04.5
1436.1 1643.3 1977.7
204%o. 1644.4 1,0303
2057.2 167106 2i004.
2037.3 1942.5 002.4
1950.• 166609 177606
1695.3 1746.? 1820.8
190.6 1769.0 1641*.
1667.4 1719.9 1815.2
1642.1 144v09 3569.4
1147o. 1333e. 1444.6
14214.1 AAedok 1318.1

06469 6z2*4 916..
9g0.5 #a&. * .&4.

4AX
Sol

12.0
3909

127.0
11400
132.5
1595.
158.5
144.5
192.5

18605

214.1
11601
21?01217.1

343.1
342.1
552.1
372.1
462.1
s71.1
360.1

MArt

Klom
0.9

11.2
29.o
b3.d

349.

5993
62o.
75.0

100.0
64.0
a1.1
go.$
64.o
64.0
93.9
91.o

&13.0
9505

107.5
66.0
61es
64.0
95.•

152.0

92.5

REAM

Iles

3107,

$6.3
411.5

96.6
107.3

3111.3
106.5
k32.1
127.9
133.5
16001

1165.5
157.4
171.4
133.4
146.5
167.4
a11.6
263.4
296.5
295.6
240.7
211.9

RUN 61509 :Akli AJO STATISTICAL DATA

QUiNCH Timp lots F)TEMP RISE 10EG F1 OULNCM TIN.; IScCI

ELEV
12
24
39
46
61
67
69
70
71
?a
71
74
75
76
77
76
7,

81
64
Sb

90
9b

102IOI111

120
132
130

MAX
22.1

134.2

245.2
367.0
399.1
417o1
427.2
433.2
4175 2
443.1
Sl1,4
500.9
514.4
510.2
511.7
52901
559.2
528.6
473.2
399.7
41600
$$SOS
503.2
476.6
946.1
299.9
347.6

KIm
22.1
50.7

115.7

-166.4

299.3
3(1604
35402
306.2
143.4
961.5

39306
411.4
456.2
250.00
2635.
319.3
4202.

533.65

3240*2
169.9
16D.8

HE AM
22.11
52.7

125.6

215.3

35,4.1
361.2
382.1
369.1
378.1
4202.
416.1
416.2
44 C. 6
44c.0
4149.7

309.2
502.4
369.3
41S.6
434.5
396.6
465.3
252.7

531.3

MAX

196.5
7.40,
74103
$6L.s

920.796006
940.1
V15.#
9190*3

94149
94954

?$as$

9l61. 9

942.9

949.4

611.60731.3
6q06.

RIM
532.7
$68,6

764.1
715.0

196.4
77209
000.1
64002
1462.6
64501

69796
6161
64.09

6e1.7als.$
153.7
76s.?

lIose
lases
S?1,1

101.6

602.9

47.16

ME AN
542.5
56S.1
69401
697.4
616.3

646.7

$635.5
46)0V

902.6

663.2
6.048
663.9

670.0

715.6
607.,8

635.2
191.64
6000?
674e6

T93.4
34~.4
52.,3

54904
$Eggs

MAX

66o9

203.1

513.7
564.4399.6

417o?
417.7

445.6
413.0
4300.

525.9
534.6

539.5
546.6
5796.
$52.6
b51.A
7111.4
7531.
7#3.7
steel

4554.1Silo91
$5661

RAtN
t6.*
63.4

359.7
563.1
366.6

411.9

435.e
4a5.8
441.6

472.7

4161.$Tle?476.1

543.l

611.6

7406.
043.7
4560.
W970

MEA4

6406
133.5
1970*i
jolol

191.1
400.2
406.7
423.0
432.0

464.6
469.6
494.9
102.0
111.9

$76.7
617.6

?10.49

696.1
121.1

61509-3



1300.0

1000.0

'I

$. 800.00
a

6 $00.00

&Z 400.00

to.•00

100.00

FLICHT SCASET BUNDLES
RUN 61509 34209
CH/Sym 173/1 30/1

/,r:ý W-*-ý

S
9
CD

TIME ( SECONDS

8P

150.00

'Z IMOO.

1 00.0¢c

0 .

50.000

I

~ 25.000

40.

= 0s.ooo

; 05.00

w
-0 •

FLECH? SEASEY BUNDLES
RUN 61309 34209
CH/Sym 173/1 3l/2

S

2372,10-
2250.0

2000.0

1750.0

1500.0

150.0 0

Mee

S

1.0000 a

25.:B02000

15.070.000

5.00.00

30.0 .

'I

05.00 '<

a a a. ~ lab .... a ~ * ege

0

TIME ( SECONDS

S S

Rod 11F. 1.98 m (78 in.)
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1100.0

1200.0

1000.0

800.00

600.00

400.00

200.00

100.00

102 9
I 150.00

125.00

100.00

T75.000

-5,000

325.000

I-

-2e.I5I

2372.0
2m5.0

1000.0

1750.0

15010.0

I120.0

1000.0

75D0.00

500.00

m:68

C

if

if

K

C3

TINE ( SECONDS

41.
B

FLECNT S[ASET BUNDLES
RUN Mal50 3420I
¢H/SYm 191/1 @111

30.000 m

25.000 '

10.00 0

41.404 I

ii

C,

TINE ( SECONDS 1

B B
I

Rod 7K. 1.98 m (78 in.)
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1300.0

12O0.0

1000.0

*8 00.00

600.00
49a
Gd
it.
IL
z 200.00

to.°00

100.00

GG

FLECHT S[AS[T BUNDLES
RU S S 4209
€•q$ YM 117/1 t01/2

TIME I SECONDS I

FLICHT S ASET BUNDLES

CHISYM 197/1 1O0112

2372.0
U250.0

?000.0

1750.0

1500.0

1650.0

1000.0
a.I

750.00 •

500.00

170.20

150.00

I 125.00

'_ 75.000

0

'" 50.000
U

0.04

30.000 -

25.000 '

20.000 I-

,I

15.000 G

10.000

5.0000

0.0

S.3

-4.•O0•t

a
8

TIME ( SECONDS

S S S

Rod 63, 1.98 m (78 in.)
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1300.0

1200.O

1000.0

'a
$00.00

S600.00

4 00.00

if 00.00

hi.

4OO

IOOO

RUN( 61509 34201 ____

237?.0
M20.0

M00.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

MlSO.O

6~

hi
C

hi
S

hi
4
U
hi
a.
K
hi
hi

C
C

TIME ( SECONDS

g.§

hi150.00

125.00
Ir

4

100.00

u 75.000

"50.000S

"•5 .000

0.0

--2.998

30.000 c
'a

25.000

dig

20.000 s

3

15.000
i.)

10.000 ,
'II

0.0 h

-4 .140 I

TIME ( SECONDS

Rod 7H. 1.98 m (78 in.)
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1300.0

I200.0

1000.0

.,800.00

* 600.00
4[

400.00

Z00.00

100.00

FLICHT SEASET RUNDLE$
RUN 61309 34209
CH/Sy" 176/1 37/2

o.
¢a

TIME ( SECONDS

S E

t37.O0
2250.0

2000.0

1750.0

1500.0
'a

USD.A

1000.0 "
IL

MOM
a..

750.00 a
5,-

500.00

30.000 -

CD

25.000

tO.O00025.0000

0.0 -

-*.tO•

1 7C.28

150.00

Z 125.00
S.-.O

100.00

75.000

' 50.000
m

ts.ooo
?S.. D

,0.0

-e4. 998

- _

FLECHT SEASET DUNOLES
RUN 61509 WIt05
CN/SYM 176/I 17/2

a
a

TIME ( SECONDS

S

Rod 9F, 1.98 m (78 in.)
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1300.0 W2.0FLECHY SEASET BUNDLES 2M5.0
1200.0 _ __ 01_ I___t_

2000.0

1000.0 
,._ .0

1750.0$00.00 _

- 1250.0 "

S600.00 ___ _ __a

4c 1000.0

4 e00.00 750.00 Z
5- i-

too. O0

100.00

TIME I SECONDS

170.2e8 E - 30.000 aFLECHYT SASET BUNDLES
00ARUN £150S 2420.

150.00 CN/SYm 264/t 126/2

Z 125.00 ,
20.000

: 100.00 /,4--

La 15.000
S75.000

10.000
50.000

aZ5.000 _____ _____ _____ 500
aa

c 0.0 0.0

8499 -4.4041~

TIME I SECONDS

Rod 7E. 2.13 In (84 in.)
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1300.0

Im•O.0

1000.0

S800.00

600.00

4',

200.00

100.00

- - - - - - - - - - - -
FLECHT SEASET BUNDLES
RUN 61509 34209
CN/Sym 313/1 12412

2372.0
2?50.0

2000.0

1750.0

150.0

1000.0 I.,

750.00
1000.00~

Ma.

750.00

ip

a
Sa -

TIME f SECONDS

S.
Si

_170.28

150.00

2 125.00

4[

S100.00

. 75.000

$ 0.000U

Z5.000

4 0.0
w

2

0

0.000 a

I.La

5.000 r

a-

0.000 •
5.00

U

0.000

5-

5.0000

I-

0.00

S
S

C -

TIlME I SECONOS 2

S S S.

Rod 11E, 2.29 m (90 in.)
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1000.0

1200.0

1000.0

41

~.800.00

$ 00.00

400.00

200.00

100.00

170.2O

150.00

125.00

1 100.00

. 75.000

" 0.000

325.000

o.o
S0.0

-24.996

€

IRN 6SOS 14201

TIME ISECONDS

2372.0
2250.0

2000.0

1750.0

1500.00
ISO0.O
125•0.0

1000.0

750.00

SO0.00

30.000

25.000

20.000

1s.000

10.000

5.0000

0.0

-4.4041
S.

C
C

TIME ( SECOMO I

S

Rod 70, 2.29 m (90 in.)
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1300.0

1200.0

1000.0

0.

800.00

4 00.00

ZOO. O00

100.00

S150.00

12.5.00

100.00

75.O00

50.000

0.0

*24.998

FLECH SEAET BNDLE

3 4209

TIM I SECONDS I

FLC T SEA (SE COBNDLS

C-SY 34/33/

JV 0

•372.0

?50 .0

p000.0

750.0

500.0 "

M.0

.50.00 -

0.

a.

'50.00 :[

,00.00

0.000 c
5.O000

0.0

5.000

0.000

9.-

5000 -

).0 S

c
C -

TIME I SCONDS

S

Rod 8F, 2.44 m (96 in.)
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130 .0 . . . . .. . . . . . 2372.01200.0 - - - - -- - - 2250.0
FLCHTSY |SEAE BUDLS 2m.

0000.0

1000.0
1750.0

$00.00 __.0__,

1250.0 .

600.00
1000.0

Z 400.00 ______750.00

too.00500.00

!00.00 Meg___

88

TINM I S[CC&DS I

S170.28 -. - - -- - - - - - - - - 30.000 .~FLEC14T SEAS[T BUNDLES
R•,500 1509 320

25.000
MAD

V1-

12.02o.000

100.00
15.000

S75.000A

" .10.000
" 0.000 ___ '

25.000 5.0000
I.-

0 0.0 .

-24.9 . -4.8041

o

TIME I SECONDS 3

Rod 9C, 2.82 m (111 in.)
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I~CW1hA~lILOCED SNOLI AZIAL VAVG* ?(MOINATUaNh212.

c IWSN 4431, *641t *So/)4t/ ? . 000.0

1000.0 -

1750.0

800.001500. C

1250.0

£00.001000.0

400.00 750.00

00.0000.00

200.00 - ---- --L08

CD 0 SD C. C.
8 0 00 0 0 0 0 0 0 0 0 0

0 0 000 0 0 010

1200.0 0192.0

6N00VN .0i0 *VIlt 2000.0

~~~~s1000.0------------------------------- 15.O00.00 1750.0

0000.00

5-a

0. 0500.00

200.00

100.00o

0-I
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500.. . .. 132.00
FLO IrU C NT C[A $[1? S OU ECI[ hU II L E SOUS~iU & MAL I, ?EUI PiIA T WI E| s o0 Oc

600.00
MC0C0.

700.00

10.00 - 600.00

0. 50.00 -

,loo.oo -'". - ,o00.00

3IO0.00
300-00300.00

2 0 .00 . . . . . . . . . . . . . . . . . .. . .I 0 0

100.00 - -,_o 4- 00.00

150.O00

100.00

100.00 e2o.00

500.00 "0..0

0 .0 
-

4 
" 30 . 00

250 * 0 500.0

TIN[ E SICORDS I
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9.0001

M CIST" 56111 Wlt 35! |113 55$1t ... .•0000

50.000 7.0000

30.000 
5.00007.0000

?0.000- 3.0000

.. 0000

10.000 - -o--00
-4.991.oo0. U -

---- - --- 1. 10 2

fL[CNT $(AS[T BLOCKEDO UINOLE
myll I~l$sO MolO 61509 $13O, 140000

O0.000

02w

0. 0000 two

0.0 0.0

-0.0399 10.020o
.1

.8

£
I

S

.8

TINE I SICOMDS I
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415311

400.00

350.00

300.00

S200. 00

150.00

100.00

50.000

0.0

300.00

600.00
K

400.00

Z00.00

0.0

TIME (SECONDS)

6%

S .2500
4:I. 0000

* 3.5000

3.0000

• 2.5000

•- 2.0000

.S.000
-~t

i., 1.0000

0.5000

0.0

FL CIAT SEAIS(E MJCKED SURDLLE TEST SERIES
6t509 NEATER MODS
QUENCH TIME(S CALL TIC)

l/l

lsaw

t3.94

t?.500

10.000

z

7.5000 o

5-0

5.0000 •

SM

..5000

0.0

OUENCH TIME ISEC
§

0*)

i
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3. ----- - ---. . . . . .-0.5433IrL[CHT S[AS[T BLOCKED BIUNDLE TEST $1509
3.5000 LVEYLWIT) 0-1 1-1 2-3 3-4 4-5 5-6 0.5000

t 2 3 • 5 6

3.0000J I

O.3000 -

t.soooo0 2.5000 000

0. aa6 .
4 4p

0.3000 0

TIME I5(CONDS)
I •1.50O0 .. . . . . . . . . . . . . . !2 00

IrLECHT SEASET BL0¢iOCE BUNDLE TEST 1 509
L-ilLIFII O-I I-e 1-1 3-4 4-5 5- 0

1.0000 100

. ,W0.oo00

0.
O. SO O. PSO0

TIME (SECONDS

0.a0oo 0.>500
0.000 -a 4a - - -j am.000

TIME (SECONDS)
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3. 7546

3.5000

3.0000

_t.s0

t.5000

0.5000

-0.0

t.ZSOO

t.0000

0.7500

0.500

.0.0

FFL CK SEE BLCE BUDL TST 610

TIME ISECONDS)

0.5433

0.5000

a.000

0.lo

0

0.1000

0.0

1.2S00

1,0000

V

0.7500 -

0.0

I I

I LECHT SCASET RLOCKED
LEVELIFTI 6-Y 1.4

II I

BUNOLE TEST
I-9 1-to
3 4

61509
to0-l It-t I
5 6

I

TIME (ICCONOS)
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61607

9/13/82

Forced reflood

Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

0.276 MPa (40.1 psia)

877.7-C (1611.9°F).

8N-1.93 m (76 in.)

2.30 kw/m (0.702 (kw/ft)

2.29 kw/m (0.697 kw/ft)

2.30 kw/m (0.702 kw/ft)

21 mm/sec (0.81 in./sec)

52.8-C (127-F)

-0.51 mm (-0.02 in.)

flooding rate

Coolant temperature

initial bundle water level

COMMENTS:

Inlet mass flow:( -1.5% average for first 60 seconds, linearly

increasing to +2.5% by 220 seconds, and averaging

-1.5% thereafter

peripheral rods, 0% constant

bypass rods, -1% constant
blockage rods, 0% constant

Power decay:( 1 )

1. Relative to run 31805

3542X:1/081583 61607-1



ROOIELEV

96 1- 0
lOa 2-

96 3- 3
3J 4- 0
7,4 4- 0

8K 4- ')
e#f 4- a

120 4- 3
51 5- •.
76 1-

96 5- 0
51 5- 7
86 5- 7
9)1 5- 9
76 5-10

iF 5-11
46 5-11
21 6- 0
S0 6- 0
,J 6- 0

7? 6- 0
ait 6- 0

8a 6- 2
5h 6- 2
9E 6- 2

8 M 6- 3
46 6- 3

Ilk 6- 4
90 6- 4
OJ b- 5

FLECNT SEA2ET 1c3 4Ji sUNDLE TEST SE S'3
RU4 hu"kA.6.6.7

TINITIAL MAXIMUM TchPtATUkE TURIAROJAD QUENCM
CHA4. NO AT FLDCD TEMPERATuJi A1:k TIE TENPkEATURE

(DEG F) (DEC F1 IDE1 FA (SICONOS) (DE6 F)

3
6
9

11
12

13
14
17
20
21

24
33
45
52
59

62
64
67
70
74

06
8s
97
99

105

111
124
134
143
165

192
193
173
261

309
312
325
337
345

346
366
36S
393
387

369
394
408
415
417

418
429
431
432

436
437
438

654.
664.

1231.
13te7

1352.

1371.
1366.
1353.
1524.
1571.

1550o
1547.

1494.
1513.

1454.
1537.
15970
1497.
1531.

1555.
15!70
1373.
1541.
1344.

1416.1557.

14b00
15.1.

1512a
1572.
15 0.
15,9.
.1491,

1487.
1525.
1494.
1312.
1351.

13640
1130.
1143.
11#4.
IC15.

I147.
1043,

W65.
669.
819.

887.
696.
692.
694,

677.
W42.
6b9.

700.

1368.

1615.
169*.

127,.
A662.
1'viw.

19121
1976.
21.3b.

s009.

&C12.
208h.

19%0.

Z .7.
P.90.24.14.

1(04..

20 41.

i5 C79.
Z.&#5.
2.0..

2.010.
&C 69.
198*.

2074.

24,67.
1993.

1049.
1 61L.
1091.
2644.

1645.
1770.

1368.
146i.
1*92.

1243.
131,#.
1387.

Z4.
61.

137.
t3 2.
230.

244.
237.
ti. 3.
30..
354e

361.

4060

514i.
b18.

475.
4&7.

459.

4b2.
433.
041.
518.

626o
512.
C0l..
5Pos

54,4
549.

53G.
4,020

592.

273.

0I*o

743.
7la.

o-Lb.
781.

753.
076.

781.

672.

U66.
072.
61b.

7. 5
14.3
39.3
48.r

47.0

47.5
48.0

51.0

85.0

113.0
117.3
118.0
11dA

116.0
126005

117.0
13A. 5

14• *A* 5

167.5
12 1.!
156.5

lbot*#
122.0
156.0
199.c
166. 5

12%r-
145.0

12205
122.0

210.1
158.,
Z3)40 1
143.3

1780.

159.0
148.0
202.1
23%1
301.1

251.1
212.1
32.1*
2ba2.

177.0
333.1

2bb.1

434.1
243.1
333.1

391.
666.
831.
811.
0.i. ~.

7U3.
048.
862.
973.#,#so

9?35.

11.1 7.

Ic24*9d3.
96,.

10435.

98 3.

95*2
g4s.
91.6.

93?.

91.40

wt*o.

94,.
1274.

93,.

94o.,
94#v.

979.
940.
930.

?2gm

sale

834.
9)..

8i.1

70•7.
*3ki.

811.
689.
075.
160.
726.

092.
7.i.
64P2.
63*.
ba1.

072.
bav.
OD6.
550.

691.
by S.

QUE MNC
T14E

ISECONDS)

23.#
z4.Z

103.4
152.9f
135.4

161.4
L20.9
150.4
242..?

23.1. 6

Li..?

319.v
322.6

33b6b
345.6
349..
J43.v
3.1%..

344.e
347.b
3u4,7
377.8e
304.5

406,9
416.9

398.9
426..
410.5
393.7

517.s

379..
580,0

272.9

615.9

651.4

619. 0

661.1

648..

@92..
.9o..
606.7

689.5
710.7

504.6

698. G

66101

092..
79t.3

--- 9,'

9.
L1F

46

6-
6- 6
6- 6
6-0

7D 7-
76 7-
111 7-

SL 6-

?K a-
SJ 6-

it 9-
8of 9-

9C 9-
LIF 9-
7310-

"tIc-
iINO-

9611-
11011-

6
6
6.
0
0

0
6
6
3
3

3
3
0
0
0

0
0
0
0

5J11- 6
7811- 6

JI11* 6

61607-2



RUN 61607 NcAlilt aJ0 STAt1ST1CAL DATA

ELEV
12
24
39
46
6O
67
69

?1
7273

74
75
76
77
71
79

81
64
46

90
96

120
132
138

1IT LAL t.k. (DE(6 F)

MAX "ItN MEAN
6o1.. 601.7 664.4

09306 663.6 674..
123Jo6 A17646 1(t6.7
1S3639 Ol32. 1366.05
1376.0 1457.4 1233.6
16534. lS1,43 1561.2
159336 1493.? 1519.0
1626.4 149603 1537.7
1537.0 1454.2 1499.3
1196.6 1469.2 1:4708
151(t1 14606 1533.69
1599.6 37?63. 1M130.
16),#03 1417.6 125.02
1621.9 1462.6 11554.1
1592.3 140t.4 15401.
1611.9 1518.6 156,04
1606.4 15,.9 1165o1
1566.8 1$00.9 1152.2
lIS8L, 1473o4 IS34.5
154587 143309 1499.4
1587.9 1476.6 1536.0
1531.6 143wo? 149Co7
140106 1271.3 1314.0
1193*1 19460) 115503

1134.0 1040.0 1606.0
924.6 622.2 671.6
696,3 666.9 692.6
669.0 641.7 66!09

MAX fgnI ltoo F)

PAX HA&H KEAN
love v r14b.7 to.65
95t4.4 9ij*4 9314o

6d..0 .33.Zo 1.342.1
1015.1 127.06 Iaol.5
& %46. 0"4o40 L#o4.

"abo., 19)v64 M7asot
4w31o6 144 17.4 190.0
Abli.o 1,04..3 19#66.2
2Q0iv.2 Av1..9 201..3
k. 4i 6 L1616 alw. ita2
2010oi.w 144.0.7 &Q42.so
toll*& 198,v.9 1040ov
2105.4 ZJ..s.6 6 ZC?,.1
2124.4 19907 263.

tilI. e 2 12. 2112.3

21 a64.41 &.#Soo.I 2124.5
2180.7 1*9065 2143 .4
212.4 I &45A.o6 2011.a5
t1ozov 19VI.6 ZI.6'..
£11. 1# £46o.1 90640
2vo12.1 1808.3 1900.2
1.9.1.6 16?iol 17.0..c
106.1.9 LJZJ.40 1,665.3
1%6L.6 1327.9 1367.6
1375.4 w23.1 1ISO*$

TdtRq4AeQUMD TIAL ISEC)

"At KIN KiAN
lot 7.5 1o7

15.5 14.5 14.6
4400 3.05 4009
6403 419o 51.7
66.9 U0.5 $1.9

117.5 I di 1400.

11600 9%1.0 105.9
123.0 9.. 112.7O
134.3 92.2 10o.
122.5 9603 106.9
167.5 A0..: L21.2
167.0 V6.0 124.4

,19.0 90.5 126.5
195.0 96.5 13401
200.1 109.5 140.4
2"4.1 lopes 144.2
202.1 116.9 146.3
177*0 1162i 144.6
204.1 V9.4 129.1
213*1 97.5 14o6
211*1 £l1o. 162.1
122.1 136.5 174.5
299.1 £44.0 217.0o
33101 1440O 240.9
320.1 1604S z29.2
396.1 2ob01 A&0.5
416.1 243.1 A1t.7

RUN 616P,7 "JI4Ji. K,00 31TAF1)ICAL VATA

QU~rmCm TcMP I066 F)TtKP RI$#. MG Fl OUGCHC TIML 136C)

ILIV
12
24
39
46
60
67
69
70
71
72
?7
74
75
76
I?
76
79
In
61
64
66
9)
91

102
111

130

4AX
24.

155.6
251.4
371901
486.1
514.3
518.3
Issoc
565.8
519.8

626.5
626.0
593.6
604.5
616.0
634.1
61.0?
624.4
564.4

644.5
8340f,

76905
722.1

KI m

Z2,4.
120.?
222.7

353.9
430.1

368.4

421.0
411.1
432.6
444 * 4
444.7
452•3

456.5

949.05

441.45
452.6
50 * 0
615.1
Gets.2
6(206
636.7
641.0
565e6

PFAN
24.1

144.4
236.0
351.,
402.3
416.6
453.21

46t.9
474.5
47C.3
529.0

523.6
539.4
1.41.1
547.3
576.2

512,7

-59309

7(9.9
745.3

722.6
813.6
692.0
04189

I RAX

.66. 4
a Lie I
. 72 a S

1029. A

lwagkolAu 25.3

lul1i.uJ.ld, l

410. 4
S999.2

9860bS
966.1

1061.2.
1211.00

97•2 ?
awTbo 0

740.29

947.6
6*5.0
820.5q

R&N
866.4

012.1
db3,6
763.,077.9

914.1
929.6
d601.
697.1

641.18blov
727.v
86e.6
li44.
616.,

O71•7
464.9

2144.

630.0
686.2

5341.7
446.9

at AN
D92.3
601.5

971o6
9T3.o

9600.9•6006

949*.
939.2

f1:.9

931.9
403740
934.03
V41.6
925.1

0 65.

041.00

736 * S
674.3
667.0

614.7

4 AX
25.6
54.2

136.9
16104
251.6
310.?

337o?
3459*
561.6
669.6
390.5
396.6
413,5

426.7
437.?
#436.3446.6
451.9

65609.

614,1
663.0
699.1
723.1
715.3

KIN
23.5
31•.

103.3
153ZO
31•.6266.9
31£.8
319.7
329..
343.d

365,9363.:
465.0
370.04
39604

40400

516.9

6,47.v
$70.6

403.3

KEAN
2409

104.4

239.3
49997

336.3
J50.*2

375.7

394.1
409.2
416.0
424.6
435.9

470.3
466.7
226.3
273.$
013.9
653.7
004.6
092.3
616 *2

61607-3



100.0

1250.0

1000.0
'a

Lb

250.00

500.00

- - - - - - - - - - - -
FLECHT SEASET BUNDLES
RUN $1607 silos
CH/Sy" 46/1 34/2 2250.0

2000.0

1753.0

1500.0

1250.0

1000.0 :

750.00

a 
§

c;
TIME ( SECONDS I

S S S
Ml:88

-170.28

4=

1 100.00725.00O

75.000

25.000
a

0.0

-28 .99g

-. - -- - - - 30.000 a.
FLECHT SEASET BUNODLES
RUN 61607 s1105
CN/SYM 8Sf/1 34/2

0,25.000 '

20.000 =

0-

0,-

15.000 =

42.

10.000 a

- --- 0.0 -

a
a

TIME ISECONDSI

S S

Rod 9G, 1.70 m (67 in.)

61607-4



1400.0

1250.0

1000.0

750.00

tO00.00

250.00

100.00

Lb

1 70.?6

150.00

125.00

t 100.00

I"S75.000

" 50.000
d£

25.000

0.0
W
•- 2.ooo

- - - - - - - - - - - - - - - - - - - -
ILECHT HAS
FLECHT SEASET IUNDLES
RUN 61607 silos
CH/Sym 75/1 60/2 2250.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

ME:8
19

8*

TIME ( SECONDS

8*
S.

9
c

TIME I SECONDS I

Rod 6L, 1.83 m (72 in.)

61607-5



'O00.0

1750.00

10000

250.00

I D.000

17O.O0

1750.00

SMO

:*100.00
.

750.000

SM
S

2M50.000

250.00

44.9o.o
I.

*S . g

-~ ~ ~ F[ H -[ S[ - --- --- -- -[- --
RFLiC SEASET ]t805E
RUNS &ISO t$05
CH/Sy ----, 73/

DI\

NM:p
2250.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500. 00

0 §
a;

TIME I SECONDS

B B

SM
La

SM

U

B.J
I
SM

5.-
I-

3U
I.

5-
U

I-

a

a-

a
B. S

TIME 4 SECONDSI

B B
B.

Rod 6L, 1.88 m (74 tn.)

61607-6



1250.O

1000.0

! SO0.00

, 750.00

SMA

S..

ba

t50.00

FLECNT SEASET BUNDLES
RUN 61607 11011
CH/SYm 192/1 1O0/2

TIME I SECONDS

FLECNT S[ASET BUNDLES
RUN 61607 31305
CO/SYN 199/1 102/2

1000.0

175•0.0

1500.0

750.00

500.00

Meh8

S..

SM

a
4
a
S..
4
4
S.'
a.z
SM
I-

- 170.28

150.00f.J

125.00

. 100.00

" 75.000
5-
4..
S.D

S50.000

S.000

40.0SM
z

30.000 •

?5.000

25.000
4

10.000 :
9-

,--

15.000 S

0.0 .4•

*4 aofl•
I I .1 5 -~ .1

C

TINE S SECONDS I

S.

Rod 13G, 1.98 m (78 in.)

61607-7



1400.0

1250.0

1000.0

750.00

O500.00

25- .00

100.00

LECHT SEASET OUNDLES
RUN 61607 silos

His 197/1 9012

a
a

T .

TIME ( SECO1NDS

8 S
I

- 170.28

LI
S150.00

t25.00

100.00

75.000
C..

50.000

25.000

4 0.0
SM

-2 9

FL.CHT SEASET BUNDLES
AUN 61607 31805
C1/SYM 137/1 90/2L"" "

U1 il

2250.0

2000.0

1750.0 -

1250.0

1000.0 a

750.00

500.00

30.000 •.

MOO
a

25.000

20.000 ..

I,-

15.000 S.

0.

10.00 a
LIJ
"U

a a a - -4.4041

a

c)

TIME I SECONDS

S S

Rod 11K, 1.98 m (78 in.)

61607-8



1000.0

1250.0

1000.0

LioO

i,,

Li500.00

OL

250.00

100.00

FLECHT SEASET OUNDLES
RUN 61607 3110s
CH/Sym 315/1 124/2

fE:B
2twO.O

2000.0

1750.0

1500.0

I25O.O

1000.0

750.00

500.00

Me:

'I
Lia

Li

Lia-
K
Li

a

TIME I SECONDS

B B.

_170.28

Li150.00

125.00

S100.00

n 7.000

L SO..000

25 .00

0.0

-24.298

30.000 c
4.*Li
a

25.0010
B

20.000

O.0000"

0.-
0-

I..

10.00 <
Li

a

TIME ( SECONDS

Rod 11E, 2.29 m (90 in.)

61607-9



1sO0.0

tM.O

750.00

MOO0-
,., 500.00

100.00

M':8

2250.0

Z000.0

1750.0

1500.0

IrA.0
1000.0

500.00

Me:8

cb

49

Ia

o
a

li 9 8

TIME ( SECONDS

8*

- 170.23

Ad 15.00

S125.00

3. 100.00

Z; 75.000

50.0

2I50.000

0.

- - - - - - - - - - - -

FLICHT SEASET BUNDLES
RUN GIs*? 31405
CHISYN all/I 164/2

30.000 1.

25.000 A

I-
U4W

20.000..

0.0

-4.s0N

Q
0;

TIME 4 SECONDS i

8

§

Rod 8K. 2.59 m (102 In.)

61607-10



1400.0

12U.0

100.00

I.'
C

75.00

I 5o00.0

€

FLICHT SCASET BUNDLES

T11NE I SECONDSI

250.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

119:8

Z3

IL

z

- 170.20
ISOM

tzs.OOS100.00

15.000

Zs.O

-E S5

30.000 c

25.000 ~

20.000

0.0

8C;

TINE f SECONDS I

8 8j

Rod 8H. 3.05 m (120 in.)

61607-11



1 ?50.0
1200.0

1000.0

800.00

6 600.00

*400.00

200.00

100.00
C

CC
C

FUCNI HAUT kocate MCI&( ARIAL VAPO4 Tj*Pt*AfUl[S

2000.0

1750.0

1500.0

U50.o

1000.0

750.00

500.00

:1

C

0
0

TIM( stcoalssI

3.3* 3.

1I50.0
1200.0

1000.0

800.00

£00.00

4 00.00

200.00

tO *oo00

?000.0

1750.0

1500.0

12501.0

1000.0

7 50.0 Ci

5001.00

8
0
0

C.3

lint I $11CONDS t

S
U

S. Sp
S

61607-12



700.00

Sm.O0

50.00

400.00

1 00.00

tM0.00

100.00

AA

n -
fI CNI 41sly INN'sS hSI WSIC AL UFSAu

6amglso'

! JVM ..... A M Hill-

5000.0

75.00

32.000250.00 I

22.000
Vev

S. S . S~ S S

400.00

350.00

300.00

?50.00

IO0.O00
100.00

B

50.000

0.0

, L CPT S(ASE? SLOCRICO OlUSOL LOOP fLUIO *50 VAPOR TIMPINATURIRUNS 61607
cmI uwy 53/1S&/I Stip SIS/6 SIO/I

-4 -

752.00

700.00

600.00

500.00

400.00

300.00

?00. 00 ~

100.00

3P.000

C; I I
tINE I UCOSSI I

CD

61607-13



34.410 5.0000

30.000

25.000

20.000

5s.000

10.000

:5.0000
a

0.0

-4.99s7

0.39%

0.3500

0. 3000

0.500

0.1000

S0.05000.1I000

- 0.0500

-0.0500

-O.Os0s

TIN[ SECOups I

I

*.0000

3.0000

2.000C

0.0

-0.7250

0.1310

0. 3000

0.4000

0.2000

0.0

:8: fm

C -

TIN( I SCONDSI

61607-14



250.00

150.00
z- 'OO

50.000

E

0.0

0%0w

-3.0000

4 ?.5000

"t 4.0000

O.S

0.0

AI

TIME fStCONDSi

a i

600.00

500.00

oo0.00

300.00

?00.00

100.00

0.0

13.5,t

10.000 -

0.5w

7.5000

0.0

FLECHT SEASET MCKED 8UNDLE TEST SERIES
61607 NEATFR Roos
OVE11CH TIMES CALL TIC)

COW
m

a
C

0

S

OUECNE TIME (StCl

C
9

C
€C

C
C

C3. C

9 lot
C. .&

61607-15



3.$844
3.5000

3.0000

I.w0

0.5000

0.0

0.5344

0l. 000

0.400

96

TIME ISECONDS'

09 aa a

1.0000

0. 2""

0.0

rLECM, SE*513 BLOCinED SUNOLE TEST 6160?
LI VIr?) 0-I 1-? ?1- 3-4 4-5 ~4-

I 1

0.5000

(1.0

S. g

?IN[ MSEOW)S

S S

61607-1b



3.*6644
3.Wm0

3.0=0

1500

4

o 1.5000

1.0

0.0

TIME (SECOOS)

0.5344

0.5000

0.4000

0. 3000

O.C•000 -

0. t000

0.0

I .6)00

1.00ooo

0.3500 :

0.50m0

0.1000

0.0

1.0000

C•

0.500

0.0

S

TIME

Si

~5EC0WDSi

0

0!

I

61607-1I





FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61705

9/14/82

Forced reflood

Data repeatability (first)

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.213 MPa (39.6 psia)

873.56C (1604.3°F),

6E-2.01 m (79 in.)

2.29 kw/m (0.698 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.29 kw/m (0.699 kw/ft)

38.1 mm/sec (1.50 in./sec)

52.2-C (126-F)

+1.0 mm (+0.04 in.)

COMMENTS:

Carryover tank filled up at approximately 370 seconds.

Inlet mass flow:,(1) -0.8% to 340 seconds and step decrease to +0.6%

Power decay:( 1 ) peripheral rods, -0.5% linearly increasing to -1% by 400

seconds

bypass rods, +0.25% linearly increasing to -0.5% by 400

seconds

blockage rods, 0% linearly increasing to -0.25% by 400

seconds

1. Relative to run 61005
61705-1



OD,)IELEW

FLtCHI $kASET 163 ROD BUNDLE TEST SESTES
RUN NU11BER61705

t 1h116s AAXINUN TENPERATURE tUONAROUMO QUEkCh
CHAN. NO A] FLLt.. TENVERATUVE RISE TIME TcAPALAIU&E

IGE6 F) WE6 F) (DEG F) (SECONOS) (DEG F)

96

3.1

7H

8K

12D
5E7G

1-
2-
3-
4-

4-

4--
4--
4--

C
C3

C

C

0
0
c
C

3
6

11
L2

13
14
17
20
21

24#
33

52
59

62
64
67
70
74

96 5- 0
5E 5- 7
6b 5- 7
9M 5- 9
76 5-10

7F 5-11
46 5-11
21 6- C
50 6- C
6d 6- C

7? 6-
11t 6-
611 6-
51 6-
9E 6-

8" 6-
46 6-

1101 6-
90 6-
94 b-

§J 6-
9si b-

ILF 6-
fig 7-

2
2
2

3
3
4
4
S

5
6
6
6
0

70 7- 6
76 7- 6

lIE 7- 6
51 8- 0
7M a- 0

66
80
97
99

105

11
124
134
143
165

166
192
193
173
2ol

309
31Z
325
337
345

346
366
368
3S3
307

389
394
408
'415
417

f#416
429
431
432

436
437
436

66c.
00.

12304.
1362.
13io.

1373.
133•3.
1345.
15,6.
154(;.

1551..
1554.

1.52,..

1465.

1551.

15393.
1501.
1537.

1551.
135.oo
1351.13•47.
1352.

1433.1564.

156*0
1130.

131e.
1576.
1579.

15 :0.

1463.
132•.
1493.1.29Z.

1335.

114t.
1115.
IC93 .
1C54.

IC16.
IC37.

125.

867.
671.965.

65•0

62t.
66b.

664.
935.

1296.
1469.
1465.

1484.
1446.
1434.
1705.
1743.

1719.
1721*
1746.
1701.
1732.

1690.
1737.
1d12.
1714.
1699.

1751.
1724.
16146.
1746.
1713.

1675.
1770.
1746.
1835.
1758.

1809.
1762.
1816.
1801.
1640.

1712.
1744.
1732.
1630.
1662.

1642.
139P.
1425.
1419.
1328.

13?6.
1334.
1221.
1202.
1163.

1261.
791.
851.
917.

15.
35.
63.

107.
108.

111.
94.
89.

179.
163.

167.
175.
192.
?02.
211.

225.
186.
218.
213.
162.

?00.
179.
255.
201.
361.

242.
207.
257.
260.
222.

221.
203.
268.
?57.
155.

229.
219.
237.
330.
310.

788.

250.
310.
326.
277.

309.
297.
396.
341.
313.

394.
120.
186.
248.

4.!
7.5

12.5
25.5
24.5

25.5
19.5
20.0
38.0
37.5

36.0
56.0
65.5

77.5

77.5

50.*0
6P.5
34.0

535.5
56.0
92.5
66.5
91.5

91.0
67.0
92.0
60.5

5&.0
76.0
80.0
3O.0

6$2.5

72.0
116.0
91.0

114.0
127.5
111.0
175.0
177.0

130.5
105.0
136.0
105.0
129.5

139.0
41.0
92.0
104.5

574.
656.
767.
756.
746.

74a.
767.
773.
165.
647.

855.
664.

665.
623.
663.

932.
WdO.

obZ.

ab5.
662.

-go"6 9g..

095.

1287.

952.
691.
637.
927.
996.

9 3
a.

1024.
95A.
906.
813.

667.
864.
t9o.

OZ.
b20.

799.
7?)4.
727.
723.
619.

66b.
771.
62b.

690.

534.

67A.
566.

53..

533,

out NC-
31111

IS ECONDS 1

19. c
42.!
61.1E

115.1
116.9

119.4
114.96
114.4
167.t
106.1

167.2
199.4

202.1
204.3
21O.6

213.L
221.1
221.c
220.1
225.1

220.C
22O.1
227.C
235.1
ZC.2

232.1
241.S
239.t

24 f* 3
24..3*

2435.

250.7

3114. '
310.1
3110.
345.1t
336.t

339. t.
371.2
365.C.
164. 1
306.1

393.(
34c#.
410. C
343.7
406-

414.1
172.4
251.1
360. t

363.1
3 59.*
39#9.2

7K 6-
5.1 6-
76 6-
16 9-
ad 9-

9C 9-
1IF 9-
76 10-

&*1o-

9#911-
16 1L-

C
6
6
3
3

3
3
0
C
C

c

0
0

5s111- 6
7611- 6
8,111- 6

770. 115. 40.5
911. 289. 161.5
?63. __90. 37.5

61705-2



RUK 60705 HEATER ROD STATISTICAL DATA

%AX TEMP IDEG F1INITIAL IkKi 4CE4 il TURNAROUIJhD TIE (SEC)

LLEV
12
24
39
40
60
67
6f
70
71
72
73
744
75
76
77
78
79
s0
al
64
06
90
96

102
11
120
132
136

MA X 61% 1 LkAN
673.2 669.c 671.!
694.6 664.6 67v.l

1233.7 lloo.9 1246.4
13016. 1344.6 1302.v
1560.3 1457.4 153t.0
1603.1 14b6.4 153V.4
153a.1 4199.1 1510.2
1603.2 1464.1 1532.3

159b.6 1464.s 1547.0
1564.c si41.4 1523.6
15W.3 l341p.2 lblv.2
159o06 1432.6 1523.0
1596.0 1477.7 1550.1
1567.9 1i'i 7C, 154:.6
1597.7 1521.6 15o0.9
1604.3 141.06 15O3.5
1566.9 1X07.7 1554.5
15••.7 149i.6 1543.2
1537.0 1430.2 1419.o0
1502.5 1003.6 1530.3
1534.5 1427o. 1465.6
1406.1 12V4.5 13233.4
1202.4 1113.o4 1179.3
10990. 1016.3 ICS504
905.0 604.6 s 60.1
673.2 664.6 06b.4
664.6 62V.1 64"b7

MAX MIN MEAN
687.9 683.7 686.2
934.6 697.? 912.e

1296.3 125?.? 1270.7
1487.3 1433.8 1467.0
1764.6 1613.0 1702.4
1775.7 1684.5 1720.4
1713.2 1676.6 1700.t
1766.0 1702.1 1729.3
1736.7 1670.2 1700.6
181loe 1698.6 1749.2
1794.7 1666.0 1729.4
1602.5 1646.0 1742.7
1615.0 1674.6 1746.4
1822.9 1737.8 1777.3
1625.2 1699.0 1771.5
1646.7 1753.4 1793.9
1837.6 1765.7 1801.3
1056.S 1773.5 1818.'
1646.7 1747.6 1611.9
1772.4 1585.7 1655.6
1744.5 1639.4 1692.0
1765.7 1068.0 1718.Z
1732.2 .1621.8 1673.4
1496.9 1397.5 1447.3
1416.9 127d.6 1350.9
1292.1 1102.9 1222.2
921.4 766.0 666.6
911.1 763.0 632.9

MAI
4.5
7.5

13.5
27.0
39.5
65.5
66.5
77.5
77.5
62.5
P3.0
92.5
91.0
92.0
94.0
94.5

105.0
94.0

114.5
06.0
78.0
94.0

156.0
173.5
198.0
180.0
177.5
161.5

AIM
4.0

11.5
19.5
37.00
37.C
3o05
39.5
53.5
37.0
40.0
46.0
45.0

49.5
40. 5
55.5
60 .0r
62.0

14.0
52.0
69.5
b66.
b1.c
9•5

37.5

4.3
7.5

12.4
24.1
36.1
42.3

4t.1
65.5

51.7
56.c
t5.7
66.3
64.3
77.:
73.6

7•.8

63.C
5C. ,
46.1
73.7
s6.6

132.2
14t.!
143.b
905.1

RUM 61705 HEATER RO STATISTICAL DATA

GUENCH TENP IOEG F)TEIP RISE IDE6 FJ QU&MNC TIME (SEC)

ELEV
12
24
39
48
t0
67
69
70
71
72
73
74
73
76
77
76
74
80

6,4
60
90
rOb

102
111
120
132
136

NAA
14.7
35.C
68.6

11106
165.3
214.6
201.9
216.0
225.1
250.6
225.5
279.01
256.3
264.5
273.4
26.*4
274.4
31d.6
306.7
239.7
204.7
2740.4
357.7
317.4
335.1;
421.6
24..3
262.0

HIM14.7
33.1
61 ,•

153.6139.4

167.3
179.5
163.9

610A.7
187.7
2CG.i
£02 * 4
147.4
144.4
123.7
204.5
216.4
23G.3
125.1
112.9
1102.0
26§.3
215.9

26o.9

V6.2

MEANif#.?'4.7

33.7
604.
14,, * a
105.9
109.0
l5i.6

19700
,kq9.1
201.6
2u•.b
226.7
224. 7
2U7.2
225).4
232.9
237.7

260.7

231.t
32C.0
273..0
295.0
30•. .

1100.2
107.i

MAX
577.3
657.06
767.3
773.0
666.5
885.1
88704

936.8
943.5
932.2
939.0
928.C

1230.1
1025.C
1026.2
1024.4
1084.1
1016.3
1046.2
953.7
941.6
982.6
936.2
915.C
643.4

1013.5
671.2
705.,

Kim
$71.7
632.2
7601.1
747.6
631.7
789.7
823.0
862.7
87106
660.7
863.0
602.2
670.6
837.4
633.8
828.0
721.9
669.0
163.2
762.9
792.3
614.0
773.3
659.3
61 u.6
58Z.F
48303
$30.0

IEAN
574.4
646.6
763.1
760.2
850.1
P47.1
851.5
891.2
69404
393.5
691.3
895.1
926.6
925.6
046.0
943.6
955.6
947.5
942.4
626.1
83864
687.6
643.f
740.3
696.6
659.7
536.4
572.3

VA 1.
20.4
42.5
03.5

110.4
172.0
203.1
212.9
215.7
221.7
227.0
231.0
236.0
241.9
246.0
252.0
258.0
261.0
267.0
271.9
289.1
290.1
322.0
350.5
371.1
393.0
415.1
421.1
399.5

MI ft

140.461.0

11#4.5

201.1
207.5
212.0
22C.0
216.9
225.0
21b.7
232#0
236.9
243.4
247.1
25o0(
254P.4
206.0

302.1

32(4.9
30.4.9
329.1
142.4

219.9

PE2K

41.1

24.'.i

116.1

16.11

199.4
22C.b
210*1 9

216.0

222.'
225.0.
231.3

234.6
242.2
250.7

261,5
2€66.
262.5

311.5
3j9.0
356.9
361.1
391.3
34€0.
3420i

61705-3



1000.0

900.00
a

600.00

600.00
z

Z00.00

100.00

FL(CHT SEASET BUNDLES "
RUhe 61705 61005
CN/SyM ts/I II/?

LA-

?000. 0

1750.0

1500.0

1250.0 -

1000.0 2

750.00

500.00

HIM:B
C
a

TIME ( SECONDS 3

S S. S

2

.-' 75.000

2 0.0,

Sm

A0.014 L,

5.00

195.000

10.000

5.0000
49

0.0

s. S.
9 OR

TIME ( E$CO1405

Rod 3H, 1.52 m (60 in.)

61705-4



I'00.0

1000.0

£00.00

800.00

400.00

!00.00

FLECNT SEASET SUWOLES
RUN W1cs 6100OS
CHISVI• 19S/1 We

1192.0

2000.0

Z7SO. 0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

0-
C

0-
if

4
if
0-
0~z
0-

C

TIME 4 SECONDS I

8 S.

150 .00

Z 1o5.00

Io0.00

- 75.000

50.O000

es •.000

0.0

0-•.9

10.O000

25.000 ":

20.000 ..
5-,

!91000 .

10.000

5.0000

0.0

.4.O40t

C
C3

TIME 4 SECONDS

Rod 3H, 1.70 m (67 in.)

61705-5



IZO0.O

1000.0

$00.00

600.00

a4-

200.00

100.00

FLECHI SEASET 1UNDLES

2000.0

1750.0

1500.0

1000.0

750.00 4

500.00

2192.0

C
C

TIME ( SECONDS

8 S

S 150.00

75.000

SO.00

15.000

05.0

h.

AlP: Be

10.000

C

15.000 ""
S

20.000 .

15.0000

5.0000 "

0.0

C

TIME SECONDS

S 9
c;

Rod 9G, 1.70 m (67 in.)

61705-6



1200.0

1000.0

$00.00

6 £00.00

a.

00.o00

100.00

2IS2.0

ZOO0. 0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

'I

C

S

S
S
I.'
0.
K

C
C

TIME C SECONDS I

8

- 170.28

150.00

3t 165.00

2 100.00

75.000

CO 50.000

?5.000

4 0.0

so.

FLECHT SEASET BUNDLES
RUi 6•170$ 61005

CH/S'lN 49/1 1,91

30.000

C

15.000 '•'
S

20.000 -.

5.0000
a-

a,i

oS .

• .,0000

C

TIME ( SECONDS I

Rod 11K, 1.70 m (6" in.)

61705-'



1200.0

1000.0

800.00

. 100.00

A..
4 00.00

?00.00

100.00

€C
C

FLE[CT SEASET BUNDLES
RU% $1705 61005
CH/SYM 132/1 13•/2

TIME ( SECOND$ S

rLECHT S[ASET BUNOLES
rUa 1 1705 11005
CH/5ym 12/1 ll 3/2

- --

2192.0

MO00.0

1750.0

1500.0 -

lm.U

1000.0
4

750.00 •

500.00

Ml~88

30.000

25.000 .'

20.000
S.-

15.000 5

10.000 .

5.0000

0.0

150,00

.00.00

715.000

5.000

0.0

C
C

TIME ( SECOIOS I

S
S.m

Rod 3H, 1.98 m (78 in.)

61705-8



100.0

ICIPo.0

1 00.00

600.00
I.,

4 00.00

a!0.00
100.00

ZO00.O

1750.0

1500.0 -

1U50.0

4[

750.00 '

500.00

0
0

TIME I SECONDS I

1 50.00

X 125.00

2 100.00

75.000

' 50.000

s 25.000

40.0

30.000
Ruh, 61705 $6O00 5

?5.000 "

20.000 -.

15.0000 *10.000

. . ... ..._ _....._ 5.00,0

0:

g
TIME SECONiOS I

CD

Rod 7H, 1.98 In (78 in.)

61705-9



ZO00.0

1000.0

800.00

.. 600.00
C

400.00

200.00

100.00

TIME 4SECONeDS

2192.0

ZO00.0

1750.0

1500.0 -

!•50.0 •=

1000.0 =

750.00

500.00

150.O,',

4

3 100.00

- 75.000

$0. GOO

a 25.ooo

4 0.0

30.0OGO

Z5.000 '

20.00c ,

10.000
Az

5.0000 •

0.0

.9

3 3. 3.
C

TIME ( SECODOS )

Rod 3H, 2.29 m (90 in.)

61705-10



1200.0

1000.0

$00.00

Z 600.00

400.00

0o0.Or

100.00

C
C

TIME ESECONDSOI

:1 W.0

?000.0

17"50.0

1500.0

IZSO.M

1250 .0

1000 .0

750.00

500.00

a

a
a.
K

- 170.28

150.00

165.00

100.30

75.000

$0.000

n5.000

0.0

30.000

15.000 Ar

20.000 Q

15.0000
Ar

C.c

5.0000 "

ea,

0.0 T

-4.40.1

C.
C>

C,C

TIME I SECOND0S

Rod 6G, 2.29 m (90 in.)

61705-11



U200.0

1000.0

o00.00

600.00

400.00

100.00

0

TIME SC005s

S.
Sl

2192 .0

Z000.0

1750.0

1500.0

1150.0

1000.0
4

750.00 i

500.00

1w:

30.000

C.oo

25.000 ~

20.000

19.000

10.000

5.0000 "
0

0.0o

-qt

,,- .%00,•

a •.O.

a •.o

rLECCN SEAS(ET BU'OLCS
Au'g 61705 61005
C/SYM 125•/ 325/?

* -- - - - -/

I.
lc.

0 c
0

C,

TIME t SECON0S )

Rod 11E, 2.29 m (90 in.)

61705-12



1200.0

1000.0

800.00

600.00

400.00

100.00

100.00

€

FLECHT SEASEI EUNDLES
RUt £1705 61005
EMq/SYN JIM/ 3121a

TIME SECONDS I

FLECHT S[ASET BUNOLES
RUN 61705 61005
C,/SyM 380/1 382/ 2

_I____

-b

z192.0

2000.0

l750.0

1500.0

1250.0 =

1000.0

750.00 I

500.00

2= 1Q0G.0r

75. 00.3

C

'0 ,=. O"

30.000

25.000

20.000

15.000

10.000

5.0000

0.0

-4.6004!

C.

TIMEI SECONDS I

Rod 6G, 2.82 m (111 In.)

C
0

61705-13



1200.0

1000.0

800.00

ca

600.00

4 00.00

ZOO. 00

100.00

FLECHT SlASE IMUMLES
uusi $I705 $005

CH/SyN 339/1 393/2

TIME SECOD3S0

FLECOOT SEASET MutOLES
Ruts 61705 61005
CnSIOM 111/t 398/?

j0

iaZ. 0

?000.0

1750.0

1500.0

1650.0

1000.0

750.00

500.00

P1: 88

a

3

4
3

&
I

- imOae

• 150.00

U5./.O00

" 5. 000

*4 $0.0

0•

10.000 :

a

Z5.000

15.000

IO.ODOO
1.000 "U

5.000o

-•.•O4

0
0

TIME (SECOIOS

o0 0

S 0*

Rod 121. 2.82 m (111 in.)

61705-14



1200.0

1000.0

100.00

_600.0c.

0*00.00

erjOrj.0,

(1110 11AICI *U11111S
RUN 61705 61005
CHISYM 4?0/1 420/?

.p /I 
J

C,C,

r.,

TIME 4 SECOtIDSP

S 0
C:
Cb
C.

Zsz .O

2000.0

1750.0

1500.0

IZso.O

1000.0

750.00

500.00

30.000

Z5.000

?0.000

15.000

I0.000

5.0000

0.0

150.00

125.00

100 fir,•

S75.000

$ 0.000rj

Z S. 00

oz Lo
'C,

Co

Rod 9K, 3.05 m~ (120 in.)

0

61705-15



1?00.0

600.0c

800. O

C.

4

U

' 000

I r .ir r

rL[CH? S[AS[T 3UNDLES
RUN 61705 61005

Ale

rLE(1NT $EASE? UUPSOLES
RUN 617051 61005
(VfSvM 414/,

II

1500.0

t250.0

1000.0 =

500.00

2192.0

2000.0

l750.0

- Ik.~' r

C.'

oI• "e'•,

30.00¢ -

15.000 "

I.O00

10.OOC -

1,.00C",

0.0 4
2

-4 .t0•4 I

C C,

tIM( r '•(rr,€O0, 3

C.
C"

C,
C

Rod 111, 3.35 mn (132 in.)

61705-16



1000.0

900.00

900.00

700.00

600.00

t 500.00

: 00.00

200.00

tO1.00

a LIC"? hlAst? ILOLKD SOLE AZAL VAPOR l[MPLIATUBE'j
1832.0
1750.0

1500.0

1250.0

1000.0 -IOO.

750.00 i

500.00 =

:88
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0
C 9

C t Cl ISEOD

C
C
C
C

C
C

Q

9

C
C

C
Sr

tO00.0

900.00

800.00

700.00

600.00

500.00

300.00

200.00

100.00

1,1100t UAW £ IttOCuKO IU4DLI InIUSLI vAk ItNpi.lult',6
*v% 6100S
uN$Y swo 9'l hit

________ f" All_ _ _ _ _ _ _ _ _ _

1932.0
1750.0

1500.0

1•50.0

1000.0

750.00

500.00

MIS
8
c. C

C

flME 4 WOODSS I

S.
S

CC

61705-17



300.00

400.00

300.00

J100.00

0.0

300.00

Z50. 00

100.00

150.000

0.0

vUCU? StAntf *LCISS 6NDLU MOUSING WALL lttmpg3Atvn

Saiv 28/ %s/ is# S o@/@

ILicuf 511HI SLOCR(DO Umfihi LOOP tInSI AND VAPOA ?9INP(R*UAC

132.00
900.00

100.00

iO.00700.00

500.00
500.00 -

300.00

300.00 U

0oo.00

32.000

500.00

500.00

200.00300.00

32.000

C

S

S'

lisl I S(CCo•o I
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$0.000

40.000

30.000

1!0.000

10.000

0.0

-4.993?

MlCNT StIll? SLICK90 BUNDLE rLVIO LIVCLI
OUSIT 11041111 l~l llJ~
ISu ,il61

+I

ee/

4- 4

I.0001

.0000

7.0000

1.0000

S.0000

1.0000

3.0000

.0000

S.00100

0.0

O. ILIS

B

8.8_
I

C
a

TIo I sCeOUVs I

S. S. S
!

0.$999

0.8000

0.7000

0.6n00

0.5000

0.3000

* 0.?000

01000

0.0

-O.0S98

T.9816

1.7500

1.5000

1.6500

0.7500 -

0.5000 :
31

0.0

-0.10WO0

C
a

TIo I SECOND% I

S
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330.i6

300.00

2100.00

. 150.00
4[

100.00

50.000

0.0

7?)9. t
700.00

100.00O
SOO.Oc

500.00

300.00
5O0.Do

100 .00

0.0

2:C a 40

TIME (S ECO0NO0SP

-4.002W

3.ww0

-3.0000

-?0000

0.0

/LECHT SCASET lL0CXED UNCOLE TEST SERIES
S 170NE ATER OOS -
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• a

0 _ _
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I ?. 500

10.000 -

5.0000 O

?.5000

0.0

OUINCH TIME 151c)
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3.7415

3.5000
FLECNT SEASET B1LOCEE MUUDOLE TEST 61705
LEVELEVT) 0-1 1-1 1-1 3-4 4-s s-5

I 3 I 5 £
~E-I-Y-Y U Y-Y-

I - - I -

2.OW
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0.0

I. 6'0C

3- U- Z &*. I L I I
0 0 0 C C ~.S £

C
0 C C d~

U-. C *A. A. * *

TINE ESECOMOSI

0.700

FLCTSEASET SLOCKED eUDLI TEST 61105

0.4000
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0.1000

0.0t

0.0

TIME ISECONOS)

61705-21



W47a15

3.5000

a.w
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1.2500 1.2500

S0.700

0.75=C

0.0
a* ac a a

TIME fSECONDS)
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61810

9/16/82
Forced reflood

Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.1358 MPa (19.70 psia)

871.6-C (1600.9-F),

6E-2.01 m (79 in.)

1.38 kw/m (0.422 kw/ft)

1.38 kw/m (0.422 kw/ft)

1.39 kw/m (0.424 kw/ft)

17 mm/sec (0.65 in./sec)

33.9°C (930F)

-6.1 mm (-0.24 in.)

COMMENTS:

Inlet mass flow:, 1  -2.6% linearly increasing to -5% by 50 seconds and

linearly decreasing to +1% by 160 seconds

Power decay:() peripheral rods, 0% linearly increasing to -3% by 400

seconds

bypass rods, 0% linearly increasing to -5% by 400 seconds

blockage islands rods, 0% linearly increasing to +4.6% by

400 seconds

1. Relative to run 34711

3542X:1/081583 61810-1



RODIELE|

96 1- 0
104 2- c
90 3- 3
3d 4• C
7m 4-- C

FLt1HI SEASET 163 ROD BUNDLE TEST SERIES
RUN NUNES 61810

iLflIAL PAXINUM TEMPERATURE TUINAROWJOD GLthCH
CHAN. hU AT FLq.mL" IEMPERATURE RISE TIME ThKPRkATURE

1Iib t) IDEb F) (DEG F) (SECONDS) (D01 F)

8O 4-
IN 4-

120 4-
7E 5-76 5-

c
c

0

90 5- C
SE 5- 7
66 5- 7
94 5- s
?6 3-10

7F 5-11
46 3-11
21 6- 0" 6- C
3D - C
6.86- C

7N a-

854 6-
9E 6-

46 6-
I1o 6-

90 6-94 6-

9A 6-
64 6-
90 6-

IIF 6-

*4 7-

0
0
2
2
2

3
3
4
,4
S

S
e

I
I

3

11
12

13
14
17
2 r
21

24
33
45
52
59

62
6*
67

ao60;
97
9r9

105

111

124
134
143
183)

166
192
193
173
261

309
312
323
337
345

3*6
3be

383
3S7

369
394
*408.
415
417

411
429
431
43Z

436
437
438

834.67:ý,

1217.
135ic.
1342.

1303.
1347.

1513.
1566.

1354U.
1537.

147t.

14•4.
1527.
1387.1467.
14b7.

1537.
2135c.

1336.

1346.
1325.
1*13.

15%5.

15lie,

1385.

1557.1333.

1547.
1*45..

1474.
1•2A.
14t3.
129v.
1343.

13,19.
1122.
112s.
109o.
IC26.

1C3..
1628.
847.
85l.

51.

664.

66v.

173.

1*4,

6t7 .

676.
920.

1302.
1496.
1500.

1533.
1493.
1463.
1743.
1792.

1763.
1822.
1872.
1843.
1067.

1843.
1838.

1827.
101`4.

1853.

1840.
1825.
1839.
1900.
1875.

1870.
1902.
1896.
1933.
1939.

1913.
1950.
1945.
1917.
1848.

1934.
1940.
1909.
1788.
1923.

1886.
1711.
1722.
1705.
1631.

1608.
1581.
1423.
15*1.
1462.

1353.
981.

1103.
1120.

67*.
100.

906.-

18.
45.
85.

144.
158.

170.
146.
119.
230.
224.

ZZ3.
285.
331.
366.
368.

401.
331.
241.
327.
334.

303.
288.
482.
378.
5`45.

473:
360.
432.
389.
419.

330.
383.
389.
370.
392.

456.
419.
446.
489.
580.

337.
5309.
800.
810.
616.

372.
55b.
576.
686.
604.

481.
301.
434.4Sq.

199,
435.
234.

9.3
20.0
30.3
61.5
63.5

65.0
63.0
64.0

69.5
88.5

70.0

118.5
146.0
150.0
159.0

157.5
139.5
103.5
140.0
140.5

117.5
117.0
208.2
160.0
191.0

202. 2157.0

200.,0
235.2
200.0

156.5
184.5
237.2
161.0
145.0

246.2
206.
245.2
191.5
300.2

199.0
196.0
245.2
306, 2
324.?

?47.2
255.2
253.2
290.2
291.2

197.5
195.0
299.2
282.2

13960

287.2
198.3

5d3.
532.
6*4.
621.
645.

857.
6*5.
666.
806.
781.

603.
b9b.
•83.

43.1.

897.
641.

786.

77'.
83*.
756.
867.

1162.

827.
676.
834.

877.

843.
803.
890.

734.
77?4
79*.
711.
726.

713.
583.
397.
882.
819.

127.
387.
336.
582.
343,

381.

493.

*493,
507.

SUE hc
TinE

(S ECOMOS I

33.4
73.3

139.3
198.3
196.4

203.C
194.r
191.9
202.t
277.7

280.6
34,0. t

347.s
336.C
363.

373.%

383.9

385.8

365.t
396.6

395.S
391.4,
`424.,1

416.1
407.7

432.7
429.7
445.s
442.5
*56.%

438.%
458.t
462.8
453.C
508.9

367.%
364.,5
359.9
613.C
621.9

610.%
655.7
648.1
607.2

816.2
689.8
713.2
?20. t
721.6

713.2
694.1
699.2
704.5

32o.1
724.r
718.7

7T 7- t
76 7- 6

LIE 7- 6
SL S- C
7? 8- 0

7K 8- C
$J a- 6
78 a- 6
7E 9- 3
8A49- 3

9c 9-
11F 9-
710-
6410-
6K 10-

am 10-
681l-
9011-

11611-

3
3
0
0
c

c
0C
C

B.i11- 67811-0 8

61810-2



RJN 61810 HEATER ADD STATISTICAL DATA

HAX TEqP (BEG*FlINITIAL TERP 1CEb tj TUR'ARLiKND 11R1 (SjCi

iLEV
12
2s
39
46
60
6769

70
71
72
73
14

75
7677

80
6481
.4
16

96

X111

120
132
138

RAN RIK. RkAK
659.6 65c.5 65.0.
875.C o42.% 8b%.3

1217.0 116b.1 1167.4
1373.3 A34A.6 1354.2
1569.5 1452.C 1522.4
1591.2 15066. 1546.5
1518.6 1477.7 3508.9
1594.4 147Y.8 1594s.
1527.2 1442.4 1485.0
1589.0 a453.1 153b.7
1501.4 1444.t 1514.9
1587.9 1356.4 14s&.4.
1592.2 1397.6 151&*3
159d.? 1445.6 153V.9
15d•.5 1*47.3 1535.0
1597.7 150b.6 I55..0
1600.9 1500.1 15%s.z
1589.C 1503.4 1541.9
1581.4 1477.7 153C.2
1516.4 13'7.6 1473.4
1571.6 1457.4 1521..
152a.3 12?70. 1477.1
139d.6 1270.2 1345.b
1185.8 1042.1 1144*s
1095.7 A022.5 105lb.
913P2 609.6 859.2
6b0.6 680.6 b87.b
6?5.3 604.0 842.3

MAX KIN MEaN
6?6.4 675.3 676.0
920.4 881.2 895.3

1301.5 1256.7 1274.1
1532.6 1462.7 1506.7
1604.0 1679.0 1746.7
1671.6 1748.9 1869.1
184303 1793.6 1818.6
1667.0 1773.5 1817.6
1858.0 1776.8 1824.4
1694.2 1813.9 1649.5
1677.2 1776.0 1834.2
1906.6 1633.1 1670.5
1905.6 1600.3 1866.4
1933.2 1821.0 1892.6
1949.3 1806.2 1909.9
1959.6 1629.7 1922.6
1975.7 1621.8 1927.6
1984.9 1644.4 1942.4
1976.C 1194.2 1939.t
1953.9 1714.3 1645.2
1939.0 1757.9 168800
1959.6 1757.9 1901.0
1952.6 1753.4 1676.e
1858.0 1657.0 1756.1
1705.4 14486. 1602.9
1603.1 1292.1 1465.0
1169.2 981.3 1075.6
108C.2 673.9 056.3

PAN
10.0
20.0
47.5
65.5

104*0
146.0
150.0
159*0
157.5
153.0
163.0
206.2
231.2
235.2
243.2
243.2
239.2
244.2
245.2
247.2
259.2
293.2
301.?
119.2
324.2
364.2
337.2
306.2

KIN
9.0

30.5

61.5
64.5
68.5

122.5
69.!,
87.597.0

91.5
112.5
94t.0
93.0
94.5

132.5
9905
132.0
140.0
1048.0
134.0
136.0
160.5

150.*0
111.5
172.5
138.0

9.5
15.s

63.t
76.3

110.7
135.1
114.7
134.'
129.4
126.6

156.9
157.i
174.7
176.9
160.2
141.5
165.2
173.0
190c.1206.5

225.1
251.6

279.1
27C0.4
244.2

KuH 6L610 HEATER 800 STATISTICAL DATA

QUENCH TEMP (09 0)TEMP RISE 4DEi F) aUixcd TME (SIEC)

LLEW
12
24
39
4b

60
67
69
70
71
72
7.
74
75

76
77
76
79
80
61
04
8a
90
9o

111

120
A32
13b

HAX
17.9
45.4

169.9
250.0
331.4
365.6
36d.0
400.9
409.4
381.6
469.5
472.9
470.4
4290.7
430.2
453.7
465.9

453.?
416.4
53401
600.*
696.1
633.5
711.4
500.2
435.,

R18
16.63603
75.1

119.0C
174.3
197.3
2??.2
207.0
260.5
237.C
248.C
267.&
257.3
244.4
284.2
297.2
2740 c

367.4

241.5
287 *7
403.3
554.0

412.t300.7

146.67
4rob.

Mt ANK17.2
41.0

36..

224.4

313.6
310.33 7 A.0
357.1
35*.9
374-.
37G.?

31#3.-4
403*8
37A .0
35:0.4.

533.3
612.0
547.5
1C.?

407.6
313.-V

HAX
533.0
554.9
689.8
720.2
864.5
922.6
950.6
86503
911.4
932.5
906.0
942.9
897.5
694.6
8s1.0
902.C
697.4
874.1
849.7
736.3
611.3
839.6
818.9
714.7
797.6

1053.5
527.5
701.6

KIN
510.9
533.7
644.4
623.2
744.5
769.4
791.6
790.6
606.4
775.1
792.5
696.6
441.7
670.4
693.6
668.0
61104
?07.'
746.0
643.2
695.7
713.3
69809
564.5
560.3
464.P
239.5
492•8

KEAN
522.4
946.9
658.9
661.3
786.4
839.6
846.0
641.4
864.9
046.3
652.6
828.9
794.6
640.0
830.9
616.'
F31.6
607.7
702.7
695.0
746.0
790.3
762.0
641.1
649.3
595.7
445.5
5746.7

MAX
35.0
75.5

143.3
203.0
203.9
353.9
367.9
379.0
385.0
404.0
412.9
432.3
445.2
445.9
476.6
484.9
461.9
496.3
500.9
524.0
650.9
586.7
627.?
662.2
694.1
727.9
729.2
724.9

KIk
33.4
70.9

135.4
189.9
27?7.
332.9
353.6
362.6
369.9
384.0
369.G

407.6
417.6
436.9
442.0
446.0
462.6
40.0
509.3

546.7
592.0c
634.1
609.7
350.6
694.1
3i.6.o

PEAK
34.4
73.

13t.t
1145.7
283.4.
341.t
35..7
36.1
379.1
391.4
40G.4
416.7
427.6
435.2
452.1
461.3
467.6
460.2
49C.c
511.r
527.c
564.7
610.6
847.
tb10.
6€t.7
7o..7
532.6

61810-3



1300.0

1200.0

1000.0

4, 0

800.00

?00.00

100.00

RL[lCNT6S$EAS[T BUNDLES
RUM ie 347l1
CH/SYI4 173/1 3112

9
Cý

TIME I SECONDS

S 8
S

S

2372.0
2250.0

2W000.0

1750.0

1500.0

1250.0 -

1000.0 4

7150.00 z

500.00

30.000 a

25.000 }'

a

20.000 .
I-

15.000 "

4..
10.000

5.0000 g,

al

0.0

,170.28

150.00

125.00

S100.00
a

'-'75.000

I--

50.0

a25.000

0 ,4 0

1 .a-;.J8

FLECHT SEASET BUNDLESRUN 61810 34711
CN/SyN 173I3/

-4.4041

C

o

TIME I SECONDS2

Sj

Rod 11F, 1.98 In (78 in.)
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1300.0

1200.0

1000.0

6 00.00

S600.00
,.)

800.00

100.00

FLECHT SEASET BUNDLES
RUN 61610 14711
CNJSYM 187/1 161/2

?37?.0

2250.0

200.0

1750.0

1500.0

1250.0

I000.0

750.00

500.00

h.

U
hi
C

hi

g
hia-
hi

8~
0
19

TIME (SECONDS I

B B.

- 170.28

i 150.00
i

125.00

100.00

.75.000

U50.000

1 5.000

• 0.0

-24.,99

30.000 c
0

25.000 u

h.

20.000 I
I-

15.000 Ma
'a

O.000 0.

10.00 €
'a

C

TIME f SECONDS i

B

Rod 63, 1.98 m (78 in.)
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1300.0

1?00.0

1000.0

Qa 800.00

*600.00

400.00

?00. 00

100.00

FLECCT SEA3(1 BUNDLES
RUN 61310 34711 _____

CNISYN4 191/111/

0

T11C E SECONDS

8

- 170.t38

w 150.00

125.00

4
S50.00

75.000
',.,

50.000

NS

3 o5.0o

-4 g

2372.0
2250.0

200.0

1750.0

1500.0 l

LI

ex

750.00 S,.
SM0

1Z.000

70.000

5-

30.000 -•

La

.. 5

5.0000

0.0 9

a
O

TIME SECONDS
I

Rod 7K, 1.98 m (78 In.)
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1"00.0

I200.0

1000.0

o00.00
C

I00.00

&Z200.00

100.00

FLECNT SEASET OUNDLES
RUN 61310 14711 ______

CH/Sym 174/1 37/1

2372.0
2250.0

M00.0

1750.0

1500.0

125.0

1000.0

750.00

500.00

fl•

I-

4..
I.'
C

U
I-

U

a.
K
S.,

C

TIME t SECONDS

8* 9 9

-170,.26

150.00

125.00

100.00

75.000

"50.000

S,.

-25.000

S0.0

-24.998

30.000 -

?.5.000

20.000 4

15.000

10.000

50

0.0
,,.'

TIME I SECONDS

S

Rod 9F, 1.98 m (78 in.)
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1300.0

IcOO.O

1000.0

180.0o

400.00

I-,

?00.00

I00.00

2372.0
210.0

?000.0

1750.0

1500.0

12).0

1000.0

750.00

500.00

4..

'a
4..
a

4.1
U

4
B
4..

I
4.'
I.-

Ca•

TS

TIME ( SECONDS

_ 170.28

150.00

MAO

100•.00

125.00

00.000

25.000

50.00•- 25.000
4 ~

I-

- 0.099

FLECMT SEASET IUNDLES
RUN 6110 314711
CH/SYM tO0110 /12

]ell,

30.000 a

25.000 Ne

20.000

15.000
4..

10.000

5.0000
0
4,

z~oo •

-4.4041

€
C2

TIME ( SECONDS

S S

Rod 7F, 1.98 m (78 in.)

61810-8



1300.0

U200.0

1000.0

• 600.00

600.00

hit

400.0

100.00

4

FLECHT StASEY SUNDLES

CHISym 12711 oil2

TIME I SECONDS

FLECUT SEASET BUNDLES
kUN 61110 14711
CM/Sym 197/I 0102

2372.0
0250.0

•0m.0

1000 .0

17M0.0

1S00.0

1250.000
hi

150.000 •

10.000

ZS.0 MOW

SlL
4.

ohi.
0 170.26

i150.00
C?

125.00

2 100.00

75.000

hi

"$0.000

a.
S25.000

0.0
Z4

• -26.199
6 6 - - . t.v.

8~

TIME I SECONDS I

s S
§

S

Rod 1lK, 1.98 m (78 in.)
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1300.0

I1200.0

1000.0

,10I0.00

0

1z 00.00
4[

?00.00

100.00

C=
C

FLECNT SEASET BUNDLES

RU MI 3 3 3

TIME ( SECONDS

FL CHT SEASET BUNDLES
RUN SIMlO 34711
CHISYM 26S/1 121/t

2372.0
2U50.0

t000.0

1750.0

1500.0 *I00,

1650.0

1000.0 "
IL

750.00 2

500.00

e:e

30.000 a

25.00
C

25.000 •

I-

20.000
S..

05.00 49.

LI

z..I-

o.o

- 170.29

150.00

IEs.OO

X 125.000

5 10.000e. 7000

0.0

4•.$98

C
C

TIME ( SECONDS

3. 3 I

Rod 7E, 2.13 m (84 In.)
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1300.0

1200.0

1000.0

8 00.00

$00.00

4000

200.00

100.00

-170.268

150.00

R25.00

1 100.00

75.000

' 50.000
.

40.0

ha

2372.0
Z250. 0

2000.0

17?50.0

15m0.0

12•0.0

1000.0

750.00

500.00

mee

S..

U
hi
C

hi
a

9-
4
a
hi
S.z
hi
9-

C

T11ME ( SECONDS

B. S

FL[CHT SEASET OUtNOLES
RUN 61810 34711
CH/SYm 217/1 121/2

w

30.1100 a

20.O000 I

hi

25.000 ''

S..

10.000

05.00 •

ha

-4 .*0..

C

TIME I SECONDS I

41.
S S.

Rod 9C, 2.29 m (90 in.)
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1300.0

1200.0

1000.0

800.00

600.00

300.00

100.00

L(CHT.S[AS[T BUNIDLES

TIME I SECONDS I

FLECHT SEASET iUNOLES
RUN 61110 1e711
CH/SYM 325/I 12e/2

A/

% J o,Atr

2372.0
2Z50.0

2O00.0

1750.0

1500.0

IZO.O

1000.0

750.00

500.00

30.000 c:

25.000

ao.ooo00

10.000

a.J

5.0000

0.0 e

w"
z

- 170.28

150.00

125.03

3 100.00

Lt 75.000

$0.0a• 000

0.0-?.9

& a i. ~ai ~ -, * so.
S

a

TIME I SECONDS

S. S S.
§

Rod 11E. 2.29 m (90 in.)
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1300.0

1200.0

1000.0

6 800.00
C

X £00.00

=.,

o00.00

100.00

€
€

FL8CHT SEAS[T 8UNDL[$

TIME I SECONDS I

FLCCHT SEASET $UNCLES
RUN 61110 3e711
CH/SYm 109/1 119/2

' 4/

2372.0
2250.0

2000.0

1750.0

1500.0

1650.0

10100.0

750.00 •

500.00

20.000 .

25.000 2'10.000

15.0000 I.0.00

Us

3•

Ia,

.. 170.26

46 150.00

1•2.00

100.00

0.100
? 5. 000

0.0
3:

8
C
0

TINE ( SECONDS I

8.

Rod 7D, 2.29 m (90 in.)
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1300.0

1?00.0

1000.0

9, 00.00

6 00.00
"I

4 00.00

lO. 00

100.00

IFLICHT HASEY BUNDLES
a UN 6 1 10 34711
CH/Sym 349/t 111/2

N 
*N

a
a
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TIME CSECOND$

8

150.00
IS150.00

3 100.00
I-

N 75.000

• 50.000
a

? 5. 000
4

- 0.0

99

237?.0
Z250.0

?000.0

1750.0

15010. 0

1250.O0
U

1000.0

750.00 •

500.00

N:BA

.30.000 c
Q..

25.000
S

20.000 "

15.000

10.000

5.0000

0.0

-4.404

9
D

TIME 4 SECONDS

Si

Rod BE, 2.44 m (96 in.)

61810-14
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

61916

9/117/82

Forced reflood

Stepped flow effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.277 MPa (40.2 psia)

877.1°C (1610.80F),

EN-1 .93 m (76 in.)

2.29 kw/m (0.699 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.30 kw/m (0.701 kw/ft)

154 mm/sec (6.07 in./sec) for

7 sec

21 mm/sec (0.81 in./sec) onward

52.2*C (126-F)

-2 mm (-0.1 in.)

COMMENTS:

Inlet mass flow:1) -0.8% for entire test

Power decay:( 1 ) peripheral rods, 0% constant

bypass rods, -0.5% constant

blockage rods, 0% constant

1. Relative to run 32333

61916-1



FLCcLiT SLASET 1ct3 kOt BUNDLE TEST SEPIE!
SUN hUlaER it06

h11%4A L nMAI I; TEOPFRATURS
(MAN. h. .1 kLOh, EMOEGATu% r I s

ILE.1 r) (.i"E F1 (DEC 9)

TUENAROUND GLkhCh
TIlE TcAlVkLh1hUN
(StC2NDS) 0tEG Fj

'.i~
ion

31
7,4

2-

2-

C.
0

€

it, 4- C
b 1. 4- C

12L 4- C
51 5- C
76 2- C

51 •- 7
0.5-7

?b 'i-1C

7f. 5-il
47 5-11
21 b- C
50 6- C
OJ b- G

3

12

131*

17
2'
21

2*
33

0%
67
7C

#&n a-

bvl 0-

ff,) 6-
.a b-

C
C

2
2

3
3

4

tj

&IF
It6 7-

5
6

c
I
C

7U 7-

76 7-
58. 8-

AJ o-
7: 6-
in 9-

7110-
* NI.-

't*11-
h1Ell-

6

I

0

3

3
3

3
3

C

C

€.

111
124
13o
143

163

i
9
2

193
173
261

309
312
325
337
345

346
366
3ot
3*3
367

a8a
394

412
4.17

41g

'*32

4137".34)

t07.

4104.
1234.
131Z,.

137&.

1333.

1577.

132,..

141b.15Sl.

1492.

15.3o.

13 by.0

21531.

1347.

142i
l5..
14a..

1592.

l•cp

110.0

149C.
1!37.
1*91.
1312.
134c.

136%..
1141 .
114C.

1(217.

IC2U.
Ebb.

me..
O09g.
to*.

t*z*.

C173.
tip(I.

692.
937.

12:4.
1*19.
I1'k1.

1436.
1414.
13911.
1737.
17V0.

17o?.

1625.
1'03.
1676.
189e.

1869.
1810.

1917.
1039.
179 .

1869.
1834.
1043.
1929.
8le6.

1876.
1930.
1931.
1972.
1971.

1947.
1970.
1999.
1952.
1851.

1891.
2014.
1922.
1904.
1999.

1949.
176".
1627.
179C.
1525.

1591.
1704.
1451.
1354.
1374.

1522.
095.

1164.
1199.

816.
1lat.
925.

5.
13.
22.
54.
59.

66.
51.
42.

213.
213.

217.
280.
353.
302.
384.

417.
341.
32b.
339.
269.

316.
262.
464.
391.
551.

455.
372.
'55.
417.
'37.

355.
387.
431.
392.
382.

395.
477.
429.
592.
653.

585.
623.
487.
681.
469.

540.
653.
595.
494.

641.
190.
495.
505.

14'1 .
54P.

235.

1.53
2.5
3.0

27. C
26.0

38.5
40.0
26.0
60.5
70.0

87.0
91.5

111.5
116.5
112.0

119.0
10e.5

94.5
113.0

95.5

95.0
93.5

133.5
120.0
137.0

134.5
111.0
134.0
139.5
163.5

1124.5
130.0
132.0
131.0
111.0

181.5
221.1
172.0
167.0
229.1

193.0
191.5
210.1
267.1
296.1

265.1
265.1
313.1
325.1
197.0

193.5
20.1
275.1
272.1

147.0
402.1
339.1

63t.

ecz.131.

7•,.

773.

ofbi.96.,

v44.

IIC.£L
972.

97G.
16,..44k*

967.
65d..

92C.

Sb,.

95 1.
127%.

92C.
9L3.
742.
954.
922.

9 50..949.

697.
9ib.
730.

bbl.
403.

782.
92c.

b(Ob.
bo.6
t67.

70".

71..
667.

t.2.

66'.

3.701.

706.

57v.

GUkh%.#

link

6.z
32.4
77.1

124.1
125.,

132.1
121.1
120.,
28.
199.1

202.9

271.t
275. c
286.7

296.9

30t.t
305.:
317.7

3C2.7
307.7,
342.L
34C .
319.6

35C.;
350.t
364. C
361.4
374.t

356.t
376.t
364.
370.t

*30.1

492.4
46o. c
403.7
537. t
523.L

532.t
576.9

011.9

612.C
013.0

047.1
036.1

642.1
043..
470.2
645.4

029.1
340. 1

5.111- 0
?61)- a
6J11- t

61916-2



KON 60916 HEATER ROD STATISTICAL DATA

MAX TEKP (DEC F)INITIAL ltiP Elbt Fi TUIMA&Kjho lIfN ISL61

L2
24
34
40

00
07
69
70
7&
72
73
74
75
76
77
70
79
d0
U1

0-1

96
402
111
12C
132
13b

"AIX "I POAl
601.4 654.. 0Z .5
893.t 6b2.5 67%.t

1231.6 11.4.6 121;%.Co
1363.e &35k.i l3ot0.
1577.1 A46>0. 0 53.*
1603.1 1513.1 lbt4*A

1532.7 1466.3 l2517o
1004.2 1470.6 1542.7
1530.1 A4574. 14104.k

161(1.(6 i*6 I.4 1552.

159V.3 .49037.t VIL 3-016904. 1012.0 152%.c

16078. 15060o 1200.2

1565.o 14670.3 1542..
1531.06 4422.1 ltv.7
12b2.5 1472.3 1530.ii
153V.2 1405.C 14V.07
1400.2 i.274.2 •40

11W0.1' 1C748.. I Loa.

920.r4 b..? 60..0
697-4 6.6.0 69e.4
9J..0 639.6 604.6

14AX MIN 'EAN
692.1 690.0 691.1
907.0 67309 087.0

1253.5 1208.7 1226.7
1436.1 1395.4 1420.f
18080.2 1616.3 1724.0
1903.3 1751.Z 1b1.2
1870.4 1721.0 1801.1
1097.6 1772.4 1825.0
1679.5 178•5. 1044.e
1924.0 1795.0 1071.1
1906.8 1785.8 1849.9
19280.6 1843.3 1890.3
2154.1 1630.1 1903.8
1972.3 1851*2 1921.7
19800.3 1863.7 1041.1
1999.7 1870.5 1960.p
2010.4 1172.7 1965.7
2032.6 1090.0 1987.0
2027.9 19370. 1989.P
1993.0 1732.2 1856.7
2004.5 1618.4 1909.0
2046.6 1677.2 195P.0
2044.3 1832.0 196108
1056.9 1627.3 1792.7
1790.2 1525.0 1689.8
1640.3 1159.9 1906.6
1336.3 655.3 1136.p
116709 01600 97908

PAX
1.5
2.5

25.0
40.0
87.0

111.5
116.5
117.0
120.0
123.5
137.0
133.5
134.5
140.0
163.5
192.5
140.5
164.0
163.5
153.5
221.1
234.1
248.1
267.1
296.1
325.1
311.1
402.1

"IN.
1.5
2.5
3.3

25.0
61.0
6b.5
91.5
70.0
97.0
S2.0
$2,0
SZ.0

110.0
107.5
110.0

11•0.
123.0

111.5
134.0
156.0
174.5
113..

193.;.
& 39.5

1.5
2.5

13.C
31*C

S9.7
S7.3

ICS *

100.1
1£01.

110.6
122.4
126.7
134.t
13C0 I4
1i4. I
135.4

170.4
192,.
205.1
214.2

253.4
25D..
260.*c

ki. 61916 HEATER ROD STATISTICAL DATA

QUENCH TEAV (DEC F)TEMP kISL IM16 F1 QUkd.H TAL' ISEC)

tLEW

39
46
60
67
69
70
71

72
73
74
75
76
77
70
79
so
61
84

146

111

120
132
43e

HA A
0.3

13.t
27*C.4
70*1

233.3
3!303.
392.1

384.5
417.3
423.06
36b.7
450.1
602. C
469.5
4"1.2
439.3
405.4

4 aq: *# .

471.2
43o.i
541.1
677.7
bob..,

70'.?
Too.?
639 c
540.3

'4.1i
5.2

11.4
17.7
42. 2

213.4
206.5
237.6

264.44
Z66.6

2644.0
256.7

324.5

320.5
364.6
414.5
301.5
317.3

395.1.
510.4
467.1
466 *
ZV4.4
167*4
14L.1

116*.8
2•.6
1A2.4
241.6

2bl5.1

24S .6
3v0.$

.124.7
124.4

377.2
374..
3*v.k
3Y2.6
34u.7
34 7.#4
432.b
4% 1 * 5.
308.0
37..
406.3

siL.?
614.t
637.5

3&.1 .2

MAX
637.6
665.3

853.0
1020.1
1007.0
1017.8
986.3
970.3

1009.1
902.4
984.7
980.2

1009.1
077.4
983. !
978.4
979.7
947.0
821.2
923.0
93!.3
926.5
493.0
999.9

106l, 7
802.3
776. 7

MIR
626.2
658.1
774 *9

773.2
891.2
878.1
877.4
899.3
£84s.4
062.5
6060q
79?o4
5Z6.7
741 *
779.5
736.09
6b2.7
792.5
851.6
708.2
770.2
786.7
747.2
626.0
666.*5
559.4
518.4
579.2

1EAN
632.5
662.8
804.8
806.8
963.2
946.0
932.0
951.2
923.9
92.0•

937.7
914.1
382.'
9170.
911.3
901.5
A17.4
891.0!

882.1
765.9
844.4
q71.5
833.2
726.1
746. A
674.?
5096.
6790.

mix
6.0

32.4
31.4

132.3
213.9
271.9
203.5
297.80
306.9
322.6
332.3
34It.
363.0
364.0
400.3
4090.8
401.
413.0
4240.
444.5
472.9
50R.6
550.0
587.1
617.1
652.4
658.1
654.7

0.2
29.0
7t.4
120.0
145.9

250.0

277.5
Z89.6
3(0Z.7
£01.9
323.o
321.9
331.9
356.*
3*3.5

361.v
364V.4

422.t
431.3
469.0
510.9
46G.7
534.8

£54.6i470 1.
151.4

MEAh

6.4
3C.4
7b.7

124.5
20 5.6
254.•
270. L255.5

296.1
310.3
31c.0
33'...
34D.4

304.3
370.b
300.4
3b7.t

400.7
41c0*
43b0i
446.t

533.3
ýt2.3

62#.t

1111.1
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1300.0

t•O0O.

tO0.0,

100.00

0600.00

4z 400.00

Z00.00

I00.00

FLCH SE.E BUNDLES

TIME I SECONDS

FLE0W1 SEAS11 8UIDLtS
RUN4 fi1g1 3?333
CI#SYM Z?6/I 26/Z

2372.0
2Z50.0

?000.0

1750.0

1500.0

1250.0

1000.0

750-.

500.00

IN:88

U
a

U

a..
.4
U
U

I
U
B..

I175. 00

S150.00

7 15.000

CI 100.000

mI ze.000

-50.00

0O.OOS

30.000

25.000 •

O.000

5.000

10.000

0.0

C
C;

TIME ( SECONDS I

S

Rod 11E. 1.52 m (60 in.)
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1300.0

UNA0.0

1000.0

~,600.00

K 00.00

I--

K

Z00.00

200.00

•E 175.00

150.001 c00.00

575.000
50.00

2

Z 75.000

0.0

2372.0
2250.0

2000.0

1750.0

1500.0

1U50.0

1000.0

750.00

500.00

M :98

W

W

OL

C!8 . 8

TIME £SECONDS I

8*

FLECHT SEASET BUDLES
AU% 61916 U333

?$/I 601a

A

35.000 ,'.
S

30.000 ,N

25.000

20.000 "

15.000 "

10.000 =

5.0000
0.

0.0

C
o

TIME ISECONDS

8

Rod 6L, 1.83 m (72 in.)
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1300.0

IZO0.O

1000.0

9, 00.00
40

I600.00

49

,00.00

ZOO. 00

100.00

ZOO0.00

Z 175.00

• 150.00

S100.00

75.000

S50.000

Z ?5.000

0.0

2372.0
2250.0

2000.0

1750.0

1500.0

1000.0

750.00

300.00

11: 88

I-A

I--

a,

40
c;

TIME ISECONDS

S

FLE0MT $SEAST SU14OLES
AV% 61916 12313
CMISYM 103/t 73/Z_____

40.000 a

35.000 '.

30.000 =I

25.000 r
=,,

20.000 C

15.000 *-

10.000 *

5.0000

0.0

C

TIME I SECONDS

Rod 6L. 1.88 m (74 in.)
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1300.0

1200.0

1000.0

*$ 00.00a

= 600.00
I.-

4000

a,-

200.00

100.00

I
a
a

TIME I SECONDS

S S S

U372.0
Z250.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

Mlt:88

35.000

30.000

25.000

o. 000

15.000

10.000

5.0000

0.0

a
a'.
S
Sa:

4
2

g

C
a-,

4

'I,
K
4
K

5-
K
-a

200.00

175.00

150.00

125.00

100.00

75.000

50.000

25.000

0.0

FLE(147 SEASET BUJNDLES
R UN 61916 32333
EM/SYM 19/ 102/2

9

8

TIME SECONDS I

S

Rod 13G, 1.98 m (78 in.)
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1300.0

1 ?00.0

1000.0

800.00
1.0

600.00

49

2 *00.00

100.00

2372.0
2250.0

?000. 0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fl :8B

5-

SM

C
5-.

4

5~D
a.
I
SM
I-

a
TIME € SECONDS I

a

S
S
I

4
3

a
SM

a
~.1

SM

a
4
a
5-

4

S

200.00

175.00

150.00

125.00

100.00

75.000

50.000

25.000

0.0

FLECHT SEASET BUNDLES
NUN 61916 3?33
C(/Sym 137/1 101/-

0.000 -

C.

35.000

30.000 a
I

25.000

20.000

15.000 "

10.000 4

5.0000 4

0.0

Q
* C

TIN( C SECONDS

0
C S

Rod 63. 1.98 m (78 in.)
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1300.0

1200.0

$000.00

0 600.00

6$00.00

200.00

100.00

€
€

IFLECH? SEASET BUNDLES
RUN 61911 -32333
CH/sym 117/I 90/2

TIME SECONDSI

FLECC4T SEASET BL'PKDLCS
RUN 61916 3M33

C4SM197/1 31

2372.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

35.000

30.000

25.000

ZOO00

15.000

10.000

5.0000

Zoo.oo

•175.00

25. I5.O

_1 I5.00

1 00.00

I 75.00o,

• 25.000

0.0
0.0

C
C

TIME ISECONIDS

Rod 11K, 1.98 m (78 in.)
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1300.0

1200.0

1000.0

t1

,9 B00.00

6' 00.00

62 400.00

NO0.O0

100.00

FLECHT SEASCI 1UNDLES
RUN £1915 321333
CN/Sym ?64/1 126/t

237U.0
2250.0

MO00 .0

1750.0

150.0

1Q50.0

1000.0

750.00

500.00

112:88

a..

'S

SM

3

a-.
4
3
SM
a.
I
SM

a
a

TIME ( SECOND4S

S S

- zoo.o,

100.00

7 175.00

go150.00

015.0

SM100.00

C

•SM5.O000

a

0.0

35.000

30.000
I

?5.000

20.000

15.000

'SO0 .

10.000

5.0000

0.0

TIME SC OD

cC,

C.

Rod 7E, 2.13 m (84 In.)
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1300.0

1200.0

1000.0

800.00

600.00

*00.00

100.00

FLECCT SEASET $UNCLES
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0.0

0

C
0

TIME I SECONDS

b00

Rod 9C, 2.29 m (90 in.)
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FL0CHT SEASET ROCKED BUNDLE TEST SERIES
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?0O0.O00

0.0
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:
Test date:

Test type:

Parameter:

62015
9/20/82

Forced reflood

Inlet subcooling effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

0.277 MPa (40.2 psia)

877.1C (1610.8"F),

8N-1.93 m (76 in.)
Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

2.32 kw/m (0.707 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.29 kw/m (0.697 kw/ft)

25 mm/sec (0.98 in./sec) for

60 sec

27.7 mm/sec (1.09 in./sec) for

140 sec

29.1 mm/sec (1.17 in./sec)

onward

119.4-C (247-F)

-2.5 mm (-0.1 in.)

COMMENTS:

Inlet mass flow:( 1 ) -2.6% for first 60 seconds, -1.1% for next 140

seconds, -8.6% for next 100 seconds, and 0% thereafter

Power decay:( 1 ) peripheral rods, +1% constant

bypass rods, -0.5% constant

blockage rods. -0.7% constant

1. Relative to run 32114

354?X: 1/081!i83621- 62015- I



FLiCNT SEASET 163 RO0 BUNDLE TEST SERIES
RUN HUMBER62015

tODIE LEV TINIIIAL "AKIMUM TiNPERATURF TURNAROUND GLENC*' QUEhcG-
CHAN. NO Al FLGOC TEMPERATURE RISE TIRE TENPREATURE TIME

(DEG F) Id6E F) IDEG F1 (SECONDSI (966 F) (SECOND5)

96 1- C 3 677. 699. 22. 6.5 561. 27.4
104 2- 0 6 883. 934. 51 11.0 657. 55.4
V6 3- 3 9 1216. 1310. 92. 31.0 856. 111.4
3J 4- C 11 1357. 1912. 155. 38.5 635. 172.1
7M 4- C 12 133b. 1517. 179. 46.0 13b. 174.t

SK 4- C 13 1361. 1545. 184. 46.0 823. 161.7
8m 4- . 14 1361. 1526. 166. 45.0 663. 169.3

12) 4- C 17 1347. 1469. 143. 36.5 683. 170.2
SE 5- c 26 1SC7. 1777. 270. 63.0 663. 262.S
7% 5- C 21 1355. 1818. 260. 70.5 936. 276.7

96 3-.C 24 1232. 1797. 265. 66.0 936. 279.s
5E 5- 7 33 1530. 1814. 233. ?3.0 83?. 339.7
66 5- 7 45 113a. 1853. 318. 101.5 87G. 346.'
9H4 5- S 52 147S. 1814. 335. 38.5 914. 354.C
?b 5-10 59 1499. 1841. 342. 109.0 ab3. 361.%

?F 5-11 62 1445. 1805. 360. 109.5 352. 370.t
4i 5-11 64 1530. 1850. 320. 71.5 635. 382.%
21 o- C 67 1951. 1919. 328. 70.5 830. 386.1
50 6- C 7C 146S. 1303. 313., 90.5 343. 361.f
6.) 6- -C 74 1522. 1800. 278. 72.5 797. 395.%

7? &- c 66 1543. 1867. 324. 74.0 M5i. 376.1
11 6- C s0 1532. 1825. 294. 74.0 352. 376.t
3H 6- 2 97 1315. 1763. 399. 142.0 827. 401.*
5" 6- 2 99 1527. 1876. 349. 95.0 851. 40S.%
91 6- * 105 1326. 1855. 527. 143.5 264. 665.2

6H 6- 3 111 14C7. 1798. 391. 143.0 832. 410.C
46 6- 3 124 1547, 1834. 337. 108.0 6Z6. 415.7

114 6- 4 134 1465. 1375. 410. 144.5 73.. 419.7
90 6- 4 143 1531. 1936. 396. 108.5 84t. 423.7
94 6- 5 165 1512. 1695. 313. 144.0 916. 428.1

9N 6- 5 166 1587. 1923. 336. 72.5 914. 416.6
t4 6- 8 192 1359. 1909. 350. 116.5 073. 436.t
Vu 6- t 193 IS1*. 1948. 397. 112.5 645. 441.t

11F 6- 4 173 1546. 1916. 368. 106.5 eS0. 426.t
46 7- C 261 146S. 1773. 304. 71.5 727. 476.1

7D 7- 6 309 1470. 1826. 356. 115.0 751. 520.4
?7 7- & 312 1516. 1872. 362. 116.5 814. 516..
IE 7- 6 325 1434. 1849. 365. 110.5 654. 5&2.1
SL 6- C 337 1301. 1756. 449. 119.0 756. 546.1
714 8- C 345 1342. 1829. 487. 172.5 374. 521.%

7K I- . 346 1359. 1791. 433. 140.0 745. 543.4
S4 8- 1 366 113'. 1572. 432. 212.2 647. bdIi
70 6- t 363 114G. 1529. .309. 205.2 631. 5t1.)
7i 9- 3 363 ICiW. 1577. 479. 172.5 70. 604.2
IN 9- 3 387 1M45. 1486. 441. 173.5 t29. 606.E

9% 9- 3 389 IC45. 1496. 451. 206.t 66cf. 59s.;
I1F %- 3 394 I637. 1495. 458. 205.2 644. srb.i
7610- C 408 366. 1359. 498. 212.? 601. 630.i
8ai41- C 415 662. 1409. 548. 207.2 526. 5714.

6K15.- , 417 Its. 1383. 515. 211.2 63ý. 622.1

3410- C 419 #40. 1381. 492. 143.0 t4t. 627.2
69411- C 42S 69g. 946. 256. 123.0 717. 290.1
9,11- c 431 t8.. 1084. 396. 174.0 71f.. 501.7

11611- -c 432 (1A. 1145. 454. 212.2 526. 62b.c

sill- c 43t 086. 963. 284. 176.0 561. 61b.,
7q11- t 4317 47. 1074. 427. 216.2 41.. 672.4
4411- c 438 883. 919. 235. 145.0 511. &C.

620 1S-2



NUN 62015 HEATER 100 STATISlICA1. OATA

MAX TEIP (0EE F)INITIAL TIPP ICE& ff TURNAROUKD TIME ISEC)

ELEV
12
24
39
43
60
'7

69
70
71
72
73
74
75
76
77
78
79
t0
$I
64
86
90
96

102
111
120
132
130

MAX KIN REAN
684.6 677.4 661.3
683.2 . 660.3 logo$
1216.1 1173.4 1192.e
1366.0 133b.5 1354.7
1560.6 1446.7 1320.6
1596.6 1500.1 154%.1
1524.0 1478.6 1537.9
1598.7 1473.4 1324.9
1530.5 1444.6 1404.0
1591.2 1455.2 1537.1
1565.7 1460.6 1310.1
16I.7 1364.8 1309.1
1592.2 1407.1 131.17
1610.6 1447.6 134al.3
1386.6 1472.3 153333
16100. 150304 1550.5
1592.2 1504.5 135340
1573.1 1502.3 1545.3
1366.4 1473.4 192S.2
1516.4 1412.5 147i.0b
1366.2 1470.2 1522.4
131705 14210C 1476.0
1389.1 1264.C 1343.3
1190.0 A032.6 A146.4
1097.6 1C3o*. 1Ce(.3
926.6 624.2 866.5
692.1 681.6 661.9
684.6 647.C 665.04

MAX RIk REAN
706.0 699.3 703.3
933.8 907.0 916.0

1310.0 1276.3 1290.6
1544.5 148904 1524.3
1648.9 1666.0 1773.7
1664.8 1773.? 1613.1
1820.6 1760.1 1600.2
1666.2 1808.2 1626.3
1850.1 1799.2 1816.1
1919.4 1900.3 1156.7
1912.5 1796.0 164100
1909.1 1763.9 1856.6
1907.9 1798.0 1661.8
1949.3 1854.6 1692.3
1939.0 1629.7 1696.4
1965.4 166539 1912.6
1933.9 1870.5 1921.2
1984.q 1680.6 1940.2
1958.5 185S.7 1932.3
1684.C 1676.6 1771.3
1876.1 1762.3 1611.9
1695.3 1796.0 1847.8
1876.1 1755.6 1619.3
1654.6 1529.4 1602.9
1577.1 1430.6 1312.4
1461.t 1267.1 1396*5
114534 948*.3 1066.7
1074.0 919.4 '1015.3

MAX
6.3

11.0
31.3
46.0
70.5

101.5
68.3

109.0
109.5
113.0
117.3
142.0
145.3
144.5
145.5
131.5
152.5
143.0
168.0
14S.5
143.3
144.5
1.98.5
212.2
212.2
214.2
213.2
216.2

KIN
6.3

10.5
27.5
36.5
50.5
4:1.0
7l.C

61.0
70.5
66.0
66.0
70.0
69.c
71.5
72.5
71.0
72.5
73.5
65.5
6105
6535
71.0

100,0
14535
17.5

128.5
123.0
145.0

MIAM
6.5

30.1

43.2
64.1

70.4
76.1
75.7

7%.C
63.7
97.4

100.6
94.6

114.9

112.9
119.1
115.7
121.3

91l.t960.3
93.6

111.3

146.s
187.;
179.1
193.3
160.t
19105

ROM 62013 HEATER R00 STATISTICAL DATA

GUENCH TEMP IDES FSTEMP RISE IDE0 FJ QUEnCH TIME tSIC)

ELEV
12
24
39
40
60
6?
649
70
71
72
73
74
75
76
77
76
79
46
61
64
66

90
96

102
111
120
132
138

MAX
22.19006

104.2

288.1317.6
335.1
342.0
360.2
389.2
349 *4
439.6
414.3
421.6
417.1
39861
427eG
449.0
449.4
383.9
329.4
413.6
547.6
367.*9
513.2
605.4
45401
427.1

Nix
12o0
46.3
91.6

142.5

10*2.
243.2
255o6

269.4
30106
271.5
298.*2
305.1
29-i.9

323.8
332.2
323.7
355.1
352.4
242.9
225.1
336.6
407.C
38902
36500
422.6
256.1
234.6

PLAN
22.0 -

607.7
169.6
a5209

26900
292.2
303.4

332.2
321.6
323.0

350.1
350.9
303.2
362.C
3*t.6
390*.
403.1
291.4

371.0
4760C
434.6
452.1
527.9
370.6
3,49.1s

MAX
56501
656.9
86607
083.0
96604
906.7
913.6
915.2
666.4
663.7
900.1
897.3

1009.9
926.4
916.1
932.7
944*0
69909
907.5
763*2
641.4
86901
67401
963.6
74865

1130.2
716.5
60802

MIN
353.0
624.4
607.9
621.2
641.3

616.5

815.2
797.3
772.7
752.5
626.6
730.3
756.6
733.7
651.1

769.1
67007

'71602
751.2
721.2
594.5
609.2
926.0
266.6
419.2

MEAN
560.6
640.0
839.7
646.6
690.6
670.3
653.6
i5406
847.5
639.9

844.0
654.7
837.2
666.3
856.0

153.3
640.7
726.7
780.6
616.6
789.9
664.4
673.5
641.1
352.9
374.1

MAX
30.0
53.4

119.4
161.7
29207
350.3
37M0
377.6
382.9
395.9
403.1
410.0
417.1
426.9
446.1
457.6
451.0
466.9
469.0
486.1
311.3
336.0
966.0
395.2
614.2
641.1
643.2
672.4

KIM
27.4
53.1

111*4
169.3
273.0
326.8
35007
357.0
363.9
376.0
376.0
3S3.0
391.6
396.1
418.o
424*9
419.9
440.1
451.9
4t&.2
4 7

101
491.9
521.9
472.0
382.2
25907
620.3

462.*3

nIAN
28.7
54.2

115.0C
173.:
213.2
333.5
356.7
36535
373.C
366.2
392.1
4C2.3
4c7.6
417.4
427.4
435.6
440.6
452.4
43650
477.6
489.t
515.4
546.3
567.5
6C00.4
tea.3
56.08
603.1
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1300.0

1?00.0

1000.6

800.00

S600.00

4[
a

mz 00.00

200.00

100.00

1 170. e

150.00

Z 125.00
V/b

4

1 100.00
,-.

- 75.000

" 50.000
a

0.0

5-

a,-

• 0.0
SM

- - - - - - - - - - - - - - - - - - -

FLfCHT SEASET BUNDLESCH/SYM RUN 62015 32114

tul, 146 16/1 26 le

a
S.

TIME C SECONDS

S S.
!!

FLECHT SEASET BUNDLES
RUN SZOIS 32114
CH/Sym ZZ6/1 26/Z

17V

237?.0
??50.0

2000.O

1750.0

1500.0

I250.0

1000.0 -

750.00 z

500.00

112:88

30.000 a

a

25.000 '•'

S

20.000 ,"
a-.

zI-

15.000 S.,

S..

10.000

5.0000
4[

t5-

a

TIME I SECONDS

S S. S

Rod 11E, 1.52 m (60 in.)
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1200.0 1 372.0
1300. 0 j j :FL[CNT S[AS[T BUNDLES M.

1200.0 RUN MtS 32110.ym 5/1 60/t

1000.0

800.00 1500.0 "

1250.0

S600.00 h

1000.0 "

6 400.00 750.00 3,
5--

SO0.00
200.00

TIME 4 SECONDS

.. 170.Zo - - -.. . . . . .- - 0.000 a.

'UI• 1 l l ! :'

4 FLECHT S[ASET BUNDLES

150.00 CH/SY

125..00

S100.00

5- K

15.000
75.000 A A

o \1• u 0.O000
50.000 -

k-• 5 . o o o _ _ _ _._ _ 5. 0 0 0 0o o
5-5

k-. 00 5000 -

. 0.0 - 0.0

-2 . 9 ----- -40404- ____g8_.. ... ... 4 .. *O I0

TIME I SECONDS

Rod 6•t, 1.83 m (72 in.)
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1250.0 2250.0t3SO.O ~fIrCHT S[AS[T BUNDL.ES G.

1250.0 RUN 61015 12tt4 2250.0CH/SYm t01/1 13/1

1000.0 1750.0

ISOM .
550.00

1250.0I--
1000.0

a. a

S750.00 Z

Zo.oo 0 500.00

100.9001:8

TiN[ SfOI S S
TIME ISECOND$

170.?S ___TA__U___ 30.000 a

150.00 CH/Sm t0_/t 7132 .
25.000

z 125.00
20.000

a100.00 -CD

1-f 15.000 Za

w 75.000 _ _ _ _ _-

.50.000 00 -

! 5.000 5.0000__ _

*0.0 0.0

-?4. 99)8 ....- 4.404t

TIME SECONIDS)

Rod 6L, 1.88 In (74 in.)
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1350.0

1250.0

2000.0

'I

a 750.00

S500.00

1.00

250.00

FLECNT SEASET BUNDLES
RUNe MI01 32114

CNSM133/1 102/2

C
€C

TIME I SECONDS I

S
41* S

1 570.28
,1)

IMO

S75.000

b 150.00

Z25.000

"50.0if2.0

-2S .SS8

FLECHY SEASET BUNDLE$
RUN 420ts $2114

C CH/sym 
.121/1 

102/2

0411

A

AAA

2462.0

260.0

2000.0

1750.0

t500.0 6a

2250.0 b

MOD
2000.00

Mee

%vJ

w.K

250.000 b

30.000 -
bea

15.000 '

t

S.000

I-

20.000 .z

5-

t5.000 be*

'a

'~a
Ur

I

-404041

CD

TIME SECONDS 3

S. S

Rod 13G, 1.98 m (78 in.)

62015-7



1350.0

10SO.0

1000.0

a 750.00

*500.00

250.00

100.00

FLECHY SIASET BUNDLES
RtUN slots 321t4
CN/SSY t87/1 O/

2412.0

2M5.0

2000.0

1750.0

1500.0
at

1250.00 *~
1000.0 4

750.00

500.00

P29
a

TIME SECONDS

S

_170.28

S*150.00

lso.oo
a

125.00

4

Z;•- 75.DO0

10.000" S.O0
es7.000

"0.00U ~

-24. 598

FLECH•T S[AS[T BUNDLES
AU• 6 OSm 117/t lot ?A

CM/SYM t81/1iOJ

,r_ Ax

30.000 a

Z5.O000
a

20.000 =25.000 '

10.000 0

5.0000

0.0 ,
I-s

9
2

TIME SECONDS I

Sj S

Rod 6J3, 1.98 m (78 in.)

62015-8



1350.0

1250.0

tO00.0

501

? 50.00o, 500.00

250.00

246G2.0

2250.0

1000.0

1750.0

25010.0

1250.0

1000.0

750.00

500.00

INM:

c,
0

TIME I SECONDS

8

a. 170.28

150.00

125.00

S100.00

S75.000

t50.000

?5.000
lK

0.0

-2,.998

FLECHT S(ASET $UNCLES
RUN 620IS 1211,
C 1/Sym 1,711 10/2A/

A 1

30.000

25.000

20.000

15.000

10.000

5.0000

0.0

-4.40.41

0
a

8*

TIME I SECONDS I

8
S

8

Rod 11K, 1.98 m (78 in.)
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1350.0

1250.0

1000.0

750.00

V-
: soo.oo

250.00

100.00

2462.0
2250.0

2000.0

1750.0

t500.O

1250.0

1000.0

500.00

Mee:B

I-

'S

SM

I.'
U
a-
4
U
SM
a.
I
S.'a-

I

0

TIME SECONDS I

S. S

150.00

100.00

75.000

50.000

25.000

S0.0SMo~
I

-24.S98

30.000 a
rLECHT SEASET BUNDLES

25.000

20.000
4-

115.000 S

&.0

10.000 QM

5.0D

0*

9
D

a
8

TIME SECONDS

S. 8
4r

¢2

Rod 7E. 2.13 m (84 in.)

62015-10



- 170.28

150.004'

4%125.00

3 100.00
x

" 75.000

" 50.000

Z 5.000

S0.0

$1.98

1100.0

U200.0

1000.0

'I

1600.00

60C C

1200.00

1 *00.00

200.00

100.00

30.000 c
qI
60

C

20.000..
25.000 MW'

20.000

(m

15.0000 =0.

10.00
'I

C

TIME 4 SECONDS I

S. S S

FLECHT SEASET NUNDLES
Ruk 62015 32114
CH/Sym 317/1 U112

?372.0
2560.0

2000.0

1750.0

1500.0

IZSO.O

1000.0 -
a.

750.00 z

$00.00

C
C

TIME ( SECONDS

Rod 9C. 2.29 m (90 in.)

62015-11



1300.0

1200.0

1000.0

800.00

•=600.00

1 00.00

I oo~oo
5,,-

200.O00

100.00

C

C

FLCH SEAE BUNDLES

TIME ISECONDS

FLECHI SCASET BUNDLES
R UN 62015 32111 ____

CH /SYM 3 49/1 11L

flH:88!t

2372.0
1250.0

2000.0

1750.0

1500.0

1es.0

1000.0 *

750.00

0M

7500.00

S170.28

SM150.00

125.00

1 100.00

_ 75.000

"0.000
S
SM,

A 25.000

4 0.0

44 998

30.000 a

25.000 0•

•O.O00,0 S

20.000 ,

O5.0000
0..5-

10.0000 v
'I

0.0000

I
& & I .0 ~* U •-4.404 l

§a

TIME ( SECONDS
I

Rod 8E, 2.44 m (96 in.)

62015-12



1300.0

1?00.0

1000.0

800.00

600.00

4 *00.00

Z00.00

100.00

FL[CHT SEAS[T UNCOLES
RUN 62015 32_114
C/ISYm $11/1 157/2

-L-

C

TIME I SECONDS I

8* B

- 710.2a

be150 .00

i125.00
4,

1 100.00

S75.000

' 50.000

Z O5.000
4

0.0
44.998be

z ~
-2tIg

I

2372.0
2250.0

2000.0

1750.0

1500.0 b

150.0

1000.0

750.00

,00.00

30.000 c

25.000 '

20.000

15.000 b

10.000

~1

5.0000
04

30.00
4•
be
g

C

TINE ( SECONDS

Rod 13G, 2.82 m (111 in.)

62015-13



1300.0

1200.0

1000.0

800.00

600.00

0.I *00. oo

200.00

100.00

2372.0
260.0

2000.0

1750.0

2500.0 *
S.D

1250.0

1000.0 "

750.00 •

500.00

TIME ( SECONDS

S

. 170.28

i t5.000

150.00

75.000

0.0

-24.9g8

31Irt[CHT SEAS[T BIUNDLES
RUNl 62015 31114
CH/SY14 43|3/1 170/2

€0

5.000

0.000

D.0000

5.00

.4041

a
C

TIME I SECONDS

S S.

Rod 11G, 3.35 m (132 in.)

62015 -14



1200.0

1000.0

800.00

.. 600.00

200.00
I(O0.00
I GO.O00

1200.0

1000.0

800.00

S600.00

400.00

OO.00

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.0C

500.00

S C C CD

C *
- C - N e

11"gt I SECO192S I

C
C
C
C

It(c"TU1.AW( BLOCKIC SUNOLI fTWIaLI WALL 1CUPERAURES
?192.0

e000.0

1750.0

1500.0

1I50.0

1000.0

750.po

500.00

Fl:O88
C S

C
C

S

TINI I SICIWD~ 4

S.
S
N

C
C

C
C
C,

C
9C
0

62015-15



600.00

500.00

400.00

i 300.00

J 200.00

100.00

0.0

300.00

250.00

?OO. 00

150.00

2 100.00

50.000

0.0

9 . B B B B

1112.0

1000.0

$00.00

600.00

100.00

3e.O000

5 2.O0

500.00

300.00

300.00
?00.00

100.00

30.00

fLfCOOT UCASI? SLOC4gO DUROIf LOOP fLUJS ASS VAPOR VINIMSA~iIV J
CUJIVN S111 Silflt

0
C
C
i

0
C

sj
tINE I SECONSL I

B
1*

62015-16



50.000

60.000

30.000

10.000
t O,000

0.0

0.6003

0.5000

0.'000

" 0.3000
a .?000

0.1000

0.0

-0.1000

.eO.O

LIMS ASE $LCE suto * FLI Lt S

TIME 4 SECONDS I

FL.CCNT SEA55 ROCKED MuOLE
R2U1 $tos ot Sot 62015

CN/SM 21/1 2051 10/3 054

1.0001

1.0000

7.0000

6.0000

5.0000

4.0000

3.0000

2.0000

1.0000

0.0

-0.7 0

1!, 3• 30

I .2500

1.0000

0. 7500

0.5000

0.n50

0.0

-0.6500

-0.4410

I
b I '~ U -I

S
C
C

TIME I SECONDS I

S S.

62015-17



300.00

250.00

_ 200.00

t" 150.00

100.00

50.000

0.0

a. 2500

, a.00co

*- 3.5000

3.0000

1 2.5000

1.0000

> 1.5000

,3 .0000

0.5000

0.0

TIME (SECOPNOSI

O

778.5?

700.00

600.00

500.00
I

400.00 -

300.00

200.00

100.00

0.0

13.944

12.500

10.000

z

7.5000 o

5.0000 •

2.5000

0.0

FLCm SAE LCED#NL ETSRE

W05HATRRD

OE CH IE ALTC

-lw

C
C
C

OUENCH

Cl

TIME (SEC)

a C
40

C=
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3.6217
3. 5000

3.00011

2 ~.5000

C3

1.0000

A.15000

0.0

0. 5`5
0.500•

0. 300? ,

0.2'0C.

0.1000C

C' o0 C- C'-1

llmE fSECCOtDS,
'C

I .0000

750

C3 0 .5000

0.

0.0

C~~ CD Ca
_4 L a0

TIME (Si C ONO c

0
C

'a
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.617
3.5000

3.000n)

I., 2.5000

.0000

o1.5000

1.0000

0.5000

0.0

I.

1.0000

0.,5000

S0.500

0. ?500

0.0

L0 E (T 6- 0 - 8- 9-0 00 1 01 1

0 0 C)
0n c. 0

TIME cSE(0?i0S)

0.W525
0.15000

0.4c000

0.3000 :

P. look

(i.0

II rL((,ql StAS11

L(vELiFTJ 6-7

BLOCKIED
8-9 9-10

5
3 I

! ..?500

1.0000

N

0. 7500 _

0..5000

0.?500

0.0

C.
Co 03 Q 0. 8 0

TIME (SECON6DS)

0
-,
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62117

9/21/82

Forced reflood

Hot/cold channel effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.277 MPa (40.2 psia)

871.6-C (1600.9"F),

7G-1.70 m (67 in.)

1.31 kw/m (0.400 kwfft)

1.31 kw/m (0.400 kw/ft)

2.31 kw/m (0.705 kw/ft)

20 mm/sec (0.79 in./sec)

53°C (127*F)

-6.98 mm (-0.275 in.)

COMMENTS:

There was no corresponding test conducted in the 161-rod unblocked bundle;

however, rod temperatures and heat transfer coefficients were compareb to

those of run 61607, which was run at the same conditions but with a uni-

form power profile.

1!84?x: 1/O81'a83 ll-67111-1



AODIELEV

FLECHT SEASET 163 300 BUNODL TEST SERIES
RIUN NURDER62127

TImI|*L MAXIMUM TEMPERATURE TURNAROUND GLEhCh
CHAN. No Al FLCLL lEuPEIATUmE RISE TINE TENPREATURE

4DES F) (i0F F) (016 F) ISECONDS) (toS F6

96
lom

96
31
7m

6K
Sri

.12

76

SE
Sb

7F
*6
21
50

li
Sri

9'

46
lit
90

9.d

94

IIF

46

?0
?6
li
Si.
7m

71L
54

?O

76

opqii

Sin

1-

3-
4.-

4.-

4--

5-

0
0
3
C
C

C

C
C

C
C

5- 7

1- 75- 7

5•-11
5-11

6C C
6- 0
6- .0

6-
6S
6-
6-
6-

6-
6v-
6r-

tr-

6-
6t-
6-
?-

7-

7-

7-

l1-
6-

6-

r•

C
C

2

3
3
4
4
S

5

a

6

3
6
9

11
12

13
1*
17
20
21

24
33
45
S2
'9

62
64
67

70
7*

66

97
94

105

111
124
134
1*3
165

166
142
191
173
261

309
312
325
337
3*5

346
366
3Ab
363
367

369
394

416

4.11

417

4.14
4.29
4.31

4312

4.37
f.37

692.ICA.

2C3.
96C.

133a.

1053.
453.
$56.

1446.
1567.

146%.

1571.131b.
1515.

1478.

1132.
111%.
1134.
1072.

IC73.
lC~d.
1346.
11t..
1246.

1427.
1141.
144..
11S6.
1511.

111*.
1503.

1161.
1093,

1536.

10C30.III%.

ICS3,

914*
133*.

SIS.
She.
626.

IC3..

S140
426.

81106

714..661.

633.
46t.

713.
5|3*

520..
9O, .
93,.

721.Vol.

1430.
1ll3.
1584.

I1292

1112.
1761.
1953.

1936.
1867.
2076.
205S.
2041.

to 4..
1647.
1445.
1695.
1553.

1414.

1560.
2052.1716.

1869.

2043.
1653.
1976.
1773.
2050.

1.563.
1930.
1772.
1704..
1564..

1983.
2156.
1630.
1396.
2092.

1536.
1399.

13S3.

1s?74..

13*1.
14.46.
ll7.
1551.
1261.

1104.
1006.
13*2.
1032.

711.
"3I.

1037.

29.
78.

116.
159.
247.

239.
165.
155.
313.
366.

369.
403.
908.

54.3.
532.

$67.
515.
330.
561.
481.

361.
4b62.
664.
552.
623.

636.
505.
527.
563.
539.

-4*9.
4.26.
583.
54.3.
*71.

540.
620.
600.
*62.
73S.

600.
Sol.
55*.
764..
606.

569.
623.
54.4..

4.71.
310.
639.

4.4.1.
34.4..

9.0
19.0
35.0
50.5
45,5

53.0
49.0
49,5

67.5
69.0

71.0
92.5

107.0
106.0
107.5

107.0
99.0
93.5

109.0
107.0

99.0
109.0
161.5
110.0
126.0

164.0
106.0
146.5
126.0
149.5

112.0
133.5

121.0

14.2.5
153.5
137.0
139.0
178.0

159.0
02021
129.5
174..5
132.9

137.0
200.1
169.*0
211.1
231.1

223.1
163.5
179.9

290.1

rg9,5

201.1

21.1,

536.
683.

704..

766.

766.
747.
742.
899.
691.

s66.
906.
935.

1014.
943.

999.
92L.
636.
964.
567.

603.
671.
Ica.
937.

1366.

931.?914.677.

923.
S36.

819.
926.
921.
691.
73Q.

$44*

1101.
833.
727.
799.

824.
616.
639.
736.
716.

664.

66A.

62G.
556.
673.
$51.

601.
779.
$4.7.

0UENCit

($ECONDS)

25.C
51.3
92. a

111.1
130.0

118.6
106.1
109.9
176.4.
170.6

177.4

20S.5
21?.C2ZG. C

225.t

231.s
220.1
223.C
221.7
228. C

220.1
221.C
257.1
2*1.5

227.i

263.2
245.
262. C
253.t
277.9

274.1
266.c

20S.1

340. t
303.9
320.f
351.1
366.1

341.7
375.1
374..1

4.10.7
409.1

394.1
365.2
372. 1
4 33.1
406.1

407.*.
4.30. 1

3009. f

375.1

43%,7

107.4.
* 4..?

6
a
6

0

C

3
3

90 9-

6 * IIL-

.dll-

lIE 11-

3
3
C
C,

0,

Id1~- 4
7111- 6
6.J~- I



KUN 62117 HEATER ROD STATISTICAL DATA

MAX TERF IDEG F)INITIAL TERP 4016 F) TURNAROUND TIME ISEC)

ELE¥
12
24
39
4b
60
67
69
70
71
72
73
74
75
76
77
76
79
so
$1
64
66
90
96

102
111
120
132
136

MAX
692*1
902.9

1243.1
1363.1
1566.8
1000.9
151503
152d.3
1477.7
114705
1130.9
1390.2
1443.5
14468*
1520.7
156804
1595.5
1594.4
1579.3
1546.7
1569.0
1538.1
1421.1
1196.2
1120.6
935.9
702.6
093.2

MIN NRAM
51909 57706
6360.5 727.0
035.7 965.7
9)3.4 1124.7

1019.4 127700
1065.8 1295.21073.0 1230.7

105906 116604
1046.3 1202.0
1066.8 110oC.6
1031.6 O1e03
100079 1165.6
107401 121207
1061.3 1167.9
107501 134o.7
1080.2 1310.3
1052.4 1385.9
1061.7 1339.7
101704 1395.4
101Z.S 12250.
10)0.7 1362.6
713.0 1319.4
903.1 1163.5
751.5 1035.3
744.3 966.1
60801 777.?
532.6 647.6
40694 575.2

MAX KIN "EAN
72104 53609 59901
981.3 680.6 76205
1429.6 953.4 1101.3
1603.1 1112.4 1334.0
1952.8 1243.1 1504.6
2078.2 1341.6 1667.3
2059.3 1433.6 1666.6
206007 137001 1556.0
2044.3 1392.3 1772.3
175709 140309 1546.6
1727.7 1405.0 1529.3
2052.5 1427.4 165860
2063.0 1426.5 1696.1
201309 1436.0 165104
2070.C 1456.3 1624.3
2130.3 1451.0 1812.1
2166.4 144708 165507
2154.1 1439.2 1821.6
2166.4 1455.2 126669
2155.3 1414.6 1696.4
2191.1 1393.3 1857.9
2210.4 1384.9 1681.1
2166.4 1346.0 1810.9
2046.6 1382.6 1741.6
1903.3 11*0.2 1643.4
1727.7 965.6 .1408*5
1350.1 "765.1 1127.6
1096.7 71009 93609

MAX
9.0

20.0
36.0
53.0
6005

10760
106.0
107.5
110.0
13100
121.5
161.5
164.0
149.0
159.0
159.0
160.5
159.5
160.5
156.0
162.5
163.5
180.0
20Z.1
224.1
244.1
226.1
290.1

HIM

19.0
35.0
41.0
56.0
77.0
95*0
66.0
910.5
90.5
91.*0
95..
94.5
9600
95.0
94.5
105.5
90.5
103.0
196.5
92.*0

93.5
121#.S
139-10

93 *0
64.0

116.0

MEAN

19.7

35.7
46.2
71.3
90.2
99.4
97.1
103.6
104.* *
107.6
114.5
122.5
117.7
124.5
125.4
127.3
12*.4.
129.*6
A23.1
132.9
141.14
151.2
155.7
176.7
180.4
177.2
20700

KUM 62117 HEATER ROD STATISTICAL DATA

QUENCH TIMP IDEG F)TEMP RISE £016 F) QUENCH lINk ISECI

ELE
12
24
39
48
60
67
69
70
71
72
73
74
75
76
77
76
79
s0
61
0*
66
90
96

102
111
120
132
138

NAX
29o*27904

21605
249.9
370.0
507.6
543.0
53203
56606
639.0
608.5
66404
63505
567.7
57502
383*4

62003
63909
59706
60806
606.5
746o5
761.3
650.5
609.3
627.7
646.5
440.9

Kim
17.0
44.1

111.4
154.7
Z2307

360.6

344.0
305.1
309.7
316.2
316.5
333.4
364.o
343.9
36003
367.2
387.3
360.1
331.0
354.1
396.6
5540*4
376.2
357*7
232.4
191.1

PEAK
2104
5505

335.6

209.3
307.6
37201
43t.1
38096
490,3
4456b
4%101
492.4
48.%0S4605.
403.b
46-0664709.
471.,

462 *

473.5
470.4
495.2
501.7
627.4k
700.3
675.3

460.0
303.6

MAX
.566.0
662.6
763.0
627.3
910.9
935*0

1013.7
1006.2
999.1

1016.1
99504
962.2

1292Z2
978.6
96007
1162.0
1114.4
103900
1033.6
1003.6
1103.9
1144.5
1023.2
76903
999.1

1173.7
873.2
974.2

494.5
589.2
719.8
709.0
78305
78104

631.9
80303
610.7
792.6
809.7
795.0
666.6
793.9

7110.
795.7
610.2
776.7
679.5
70307
746.2
701*2
59606
614.4
590.1
479.0
567.4

KEAN
529.6
6268.
755o0
760.9
650.7
162.6
904.2
688.0
927.9
680.5
$8109
672.7
911.1
686.4

684.1
906.5

92107
905.7
903.1
77303
8 030o3
87405
637.25700.

72706
699.7
563.4
747.6

PAX
25.0
51.6
92.6

130.0
178.4
217.0
22000
225.6
231.9
231.1
233.1
260.1
266.9
263.0
29009
295.8
269.6
294.6
298.5
31206
33101
343.1
369.1
391.4
415.3
435.9
440.1
439.7

KIN
16.5
3300
73.8

106.3
161.3
191,:
119.'199.,

217.7

219.9
216.9
230.7
226.3
231.9
247.7
249.3
Z46.0
261.7
267.7

276.0
3C3.9
336.5
369.1
243.6
z39.u
309.6
160.7

MEAN
19.5

79.7
116.2
171.2
201eS
210.1
212.5
224.3
224.C
227.C
240.5
245.1
246.7
265.6
266.1
272.4
277.9
26604
293.5
306.6
327.0
353.t
361.6
394.8
397.2
406.1
296.c

62117-3



1500.0

IZ50.0

- 2000.0

- 750.00

I-

m

500.00
2

Z50.00

100.00

-170.2S

. I50.00
I0 .O

Z 125.00

3. 100.00

, 50.000

- 25.000

0.0

FLECNT SCASET BUNDLES
RUN se1l? 61i07
CNISYM i/,1

TIME SECONDS

FLECHT SEASET BUNDLES
RUN 6Z2117 $1607
CH/SYM 2s'/1 2/2

p=

2732.0

2500.0

2000.0

500.00

30.000 -

25.O00 i

I-

a.0.000

15.000

10.000

5.0000

30.0

o.00

-5.000 '

Si
a
a

TIME ( SECONOS I

S S

Rod 9G, 1.52 m (60 in.)
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1500.0

1250.0

- 1000.0

750.00

a,-

250.00

I00.00

€
€

FL LC*T SEASET SUliDLEStuft 12117 £1607

TIME I SECONDS
+

2732.0

2500.0

2000.0

1500.0
n.5

•a

1000.0 aaL.

9,-

500.00

212.00

170.08

4.,

15.000

$0.O000

Ed

25.000

0.0

30.000 •

10.000 •

I.J,

25.000 0

0-

-0.0001

S
C
C

TINE I SECONDS

S. S S

Rod 9G, 1.70 m (67 in.)

62117-5



1500.0

1250.0

1000.0

750.00

500.00

250.00

100.O00

€:
€

FLECHT SEASET BUNDLES

TIMEC SECONDS

2732.0

2500.0

2000.0

'I

1500.0

1000.0

a.r
I
SM

500.00

212.00

30.000 a

MS00

20.000
25.000

20.000

5.0000

0.0

- 170.28

150.00

1 125.00

4A

100.00
z

75.000

'50.000

U
a 5.000

S0.0

-Z Z, - -6 I -~ fnnt

CD

TIME C SECONDS I

S.

Rod 7F, 1.80 m (71 in.)

62117-6



- 170.28

150.00
T

Z 125.00

S100.00

, 75.000

' 50.000

Z5.000

0.0

1500.0

ISO.0

- 1000.0

750.00

z

100.00

TIME C SECONDS

S. S.

30.000 •

10.O000

15.000 0

0..

-5.000o
273a.

a0.00.0

15.000 I

1.000.

500.00

MAO0

FLECHT SEASET BUNDLES
RUN Sll7 61607
CH/SYI4 IIIII 111/?

S.
C
C

TIME ( SECONDS

S

Rod 8H, 1.91 m (75 in.)

62117-7



1500.0

I•SOM

1000.0

750.00

I-

,.500.00

I"

250.00

100.00

-170.28

44 150.00

16S.O00
I 15.000

0.

B-o~

V732.0

?500.0

?000.0

Ii[
1500.0 Q

1000.0

500.00

a12..00

C!-

TIME I SECONDS

S C
C•

I-

;I-

I£

B-

ar

TIME ( SECONDS

Rod 8H, 1.98 m (78 in.)
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1500.0

I250.0

- 1000.0

750.00

A. 500.00
x

250.00

100.00

SFLECNT S[AS[T BUNDLESRUN gait ? 6107CHISYM 195/I tsSf/

Air

TIME C SECONDS

IFLECHT SEASET BUNDLES
RUN 62117 91607
CNISYM ISS/I I$SS1

,e

2732.0

2500.0

2000.0

1500.00

M•OOD

?0.000 -

40

r-

10.00.0

iD

Lis

4-

5.0000

0.0

I-

- 170.?8

150.00
(U

K 125.00

100.00

2 75.000
I-

50.000

a

- - - -_ _ _ - - - -5.0001

c
C -

TIME ! SECONDS

Rod 9J, 1.98 m (78 In.)

62117-9



1500.0 2732.0

IZ50.O

- 1000.0

750.00

1,00.0

_170.?s

150.00

SMO

a. 00.00

t15.000

I

250.000

00.00

- 17.ooo

SMo~
S.

TIME I SECONDS

S

2500.0 ZS0.2000.0

25.03

1500.0 z

SM

10O.00

a-

49

0.0

500.00

2l2.00

30.000 .-

25.000 ""

a-.

SSO0 .l.

m

15.0000 v
lae
5-

-5.00001

- - - - - - - - - - - -
FtECHT SEASET 1UNDLES
RUN 6till 61607
CH/Slfm Holl Hole

S
a
a

TIME (SECONDS I

S. I aa

Rod 9H, 2.29 m (90 in.)

62117-10



t500.0

" I00.0

1750.00

500.00

?50.00

.00.00

5LEC0T SEASET BUNDLES
RUN 62111 61607
CH/SYm 3S211 31~2/ 2500.0

2000.0

1500.0

1000.0

5-

500.00

e12.00

2732.0

o
C

TIME SECONDS

- t70.28

tSOO

X, 125.00

S100.00

75.000

C2 $50.000

S25.000

S0.0

30.000 c

MOOD
C

15.000 '
0

20.000 :
I--

15.0000
4,J

0.0
-5.00001

TIME I SECONDS

B

Rod 9H, 2.44 m (96 in.)

62117-11



1500.0

IZsO.O

- 000.0

1250.00

100.00

-170.as8

I50.00

Z125.00
I00

1;50.0

5- 0.000

AS

S50.00

I s~o

SMo~

25.0

10.0

273?.0

6500.0

1O00.0

2000.0

500.00

0012.00

T I S

TIME I SECONDS
I

0~

SM
a
4%~
0
0

S..
5-

N
I

0-

5-
N
SM

I-.

5-
SM
C
'a

a
SM
5-
go
=
4
a
5-
0-
4
SM
I

8~ .
CD

TINE I SECONDS 2

8 S

Rod 8H, 2.82 m (111 in.)

62117-12



1500.0

1U50.0

1 1000.0

750.00

• 500.00

aso. O00

I00.00

FLECNT SCASET BUNDLES
RUN 62117 Sigo7
CHISYE 4l5/l 415/?

TIME SECONDS I

RtUN 6ZI17 61907
CH/$YM 41lS1t 415/2

A

2732.0
?lO0.O

1500.0

2000.0

5-
4A

1O00.04

1000.0
a"

500.00

212.00

30.000 a

25.000

20.000 •
5-

5--

15.000 "
0.0

10.000 v,

o.o

K.O0

- 170.ia

Z tQ5.00

,,75.000

. 50.000

25.000

10.0

I
z I I I N

19
TIME

SECONDS I

Rod 8H, 3.05 In (120 tn.)

62117-13



1000.0

9W0.00

800. 0

700.00

600.00

500.00

6 *00.00

300.00

200.00

100.00

rL[((UI S(ASI1 SLOCEID $UNCLE AXIAL VAPOR T(M#INATURSl
RUN till?

41111

183?.0
1750.0

1500.0

1250.0

1000.0

750.00

500.00 o

c
C

c
m

C
0

TIME i SCCOCS

0

C
0

CD00 0
0

0
0

I
4a

1000.0

900.*00

900.00

700.00

600.00

500.00

400.00

300.*00

200.00

100.00

O(ICCT SIN~At(V CLOCKLD IuUDLtC ~ i ~i IPCAU(
l0%uw 40 walt9U 414 9/

183Z.0
1750.0

1500.0

150.0

1000.0 -

150.00

500.00 0

C€C

?jut I fucomosI

8

62117-14



00.00

150.00

tOO 00

: 150.00

J 100.00

S50.000

0.0

I

500.00 -

400.00'

300.00

too.o 0 -

S4p

1 100.00

0.0

FLICU? S1*11? SLEEI 0901LA SO11149 WALL TIWP(ISAVIC
MV ftill?

191111 144 i'i Wl$ "ift lisil

S12.00

500.00

300.00 :

100.00

100.00

U1.000

S.

a.
a

?lU( S SICSSIS I

S. S. S. S.

93?.00
900.00

600.00

700.00

600.00

SO0.00

400.00

300.00

200.00

100.00

32.000

S

4
U

!

S S~ S

TINt d.1t1S3OS I

62117-15



30.000

". 000

23.000

n0.000

15.000

10.000

5.0000

0.0

-4.$137

0.04m

0.3500

0.3000

0.Z500

SO.ZO00

S0.5000

0. 1000
4

S0.0500

.: 0.0

-0.0500

-0.09•8

ILICNI SCAS[! OLOCI9 MuSOLE FLUID LEVEISI*UR SlllrL
CNISVPN Sit/I t11i $111' SSS1o

Si
9
0

S~ S

TINE I ICCOWOS I

B Si

M.0000

* .0000

3.0000

t.0000

1.0000 Wa

0.0

-0.710

0.3120

0.8000

0.;000

0.,000

0.2000

0.0

€0

fZil( I S1C08S )

S

62117-16



150.00

115.00

100.00

U.75.00

5M. 18

350.0i

i

M.0

150.00

25.000

0.0 0.0

T104E ISECONDSi

C

9

4. *~000

3 .0000

2.5m

* .50000

1 .5000

~.1.0000

0.5000

0.0

rL*4 SAST$OKD UCETETSRE

6?1 HAE&RD

1O.O000

7.5000 c

5.0000 >

Z.5000

0.0

c;

OuENCm T1IKE MoE

55
S

0
cý

CD

4;.,
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3.7985

3.S000

0.5509A FLCCHT SEASET BLOCKED BUNDLE TEST 62117
LEVEL(FT) 0-1 1-Z 2-3 3-4 4-5 5-$

1 2 3 4 5 6
0.5000

m .1 * I * I. *I
3.0000

4

e ?.5000

1' Z.0000
a

_o 1.5T000
-- 4

0.5000

0.0

! . ?SKO

4

Ce I
Arl

v J &UP4

0.4000

0.3000

0.?000

0. 1000

0.0

0. c 9
4. C C CD W

GVC in . d

CC

TIME fSECOWO$)

S0. 7500
0.m

4

0.600

0.0

FLECHT SEASET BLOCKED BUNDLE TEST 6?117
L-VEL(T 6-7 7-8 I-o 3-10 10-11 11-1?! 2• 3 5 6

0.r N

0. 2500

0.0
0.0

TIME (SECONDS)

62111-18



3.7N85

3.5000

3.0000

da

2 .000
C,1.5000

z1.0000

0.5000

0.0

-- -- -- -- ---
FLECHT SEASET BLOCKED BUNDLE TEST GtI?
LEVEL(FT) 6-7 7-8 4-s 9-10 10-11 11-12

1 2 3

0.55"

0.5000

0.4000

0.3000

2

0.1000

0.0
xU

ik
8 8 aj s i 88

TIME (SECONDS)

8
8
4.

198
c; '

1.6500

1.0000

0.7500

0.c00

1.2500

1.0000

0.7500
all

0.5000

0.°M

0.0

Co Co
o c;

aý 5

TIME ISECONOS)

62117-19





FLECHT SEASET 163-ROD BUNDLE*FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62211

9/22/82

Forced reflood

Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.137 MPa (19.9 psia)

871.0°C (1599.8-F),

8N-1.93 m (76 in.)

1.31 kw/m (0.400 kw/ft)

1.31 kw/m (0.398 kw/ft)

1.31 kw/m (0.400 kw/ft)

28 mm/sec (1.1 in./sec) for 30

seconds

27 mm/sec (1.06 in./sec) onward

33.9-C (94-F)

-2.5 mm (-0.10 in.)

COMMENTS:

Inlet mass flow:,(1) Linearly increasing to

decrease to 0%, and 0% thereafter

-2.6% by 30 seconds, step

Power decay:( 1 ) peripheral rods, -0.5% constant

bypass rods, -0.5% linearly increasing to -1% by 400

seconds

blockage rods, -0.5% constant

1. Relative to run 31922

62211-1



NODIELEV

96 1- 0
1ON 2- C
96 3- 3
31 4- 0
78H4- C

6K 4- 0
6n 4- C

1zu 4- 0
SE 5- 0
76 5- 0

96 5- a
56 5- 7
ab 5- 7
9H 5- 9
76 5-10

7F 5-.1
46 5-11
21 6- 0
50 6- 0
6. 6- 0

7N 6- C
11 6- 0

84 6- 2
38 6- 2
91 6- 2

6" 6- 3
•46 6- 3
11 6- 4

90 6- 4
9j 6- 3

9N 6- 5
6J 6- 6
v0 6- 6

IIF *- 6
To 7- 0

7D 7- 6
76 7- 6

11E 7- 6
5L 6- 0
7?a- 0

7K I- C
543 - 6
75 6- 6
7E 9- 3
5AN 9- 3

91. 9- 3
IIF 9- 3

7510- 0
8810- G
kKIU- a

6010- a
6811- 0
9411- a

11E11- 0

5JII- 6?all- 6
7011- 6
tdli- f.

FLECHT SEASET 163 ROD BUNDLE TES1 SERIES
RUN NUM3ER62211

TINIIIAL NAXINUN TEMPERATURE TURNAROUND QUEhCh
C8AN. Nu AT FLCUD TEMPERATURE RISE TIME TERPREATURE

IDES F) IDEG F) (DES F) (SECONDS) IDEG F)

3
6
9

12

13
14
17
20
21

24
33
4f5
52
59

62
64
67
?O
74

66
to
97
99

105

11I
124
134
143
165

166
192
193
173
261

309
312
325
337
345

346
366
36V
3.3
387

389
394
405
415
417

418
429
431
432

436
437
438

65%.
875.0

1210.
1347.
1337.

1360.
1347.
1341.
1500.
1559.

1526.15210.

1541.
1432.
1494.

1436.
1522.
1574.
1480.
1516.

1542.

1352.
1517.
1334.

1390.
1§3v.
1462.
1537.
1511..

1584.1561'.

15$1.
1543.
1465.

3471.
1513.
14833
1296.
1347.

134f.
1117.
1117.
1C93.

IC36.

1C3#0.
1033.

341.

655.

170.
676.

660.

670.
901.

1255.
1405.
1403.

1426.
1406.
1393.
1601.
1644.

1617.
1624.
1637.
15860
1604.

1551.
1642.
1694.
1558.
1619.

1662.
1617.
1512.
1646.
1597.

1535.
1665.
1612.
1687.
1622.

1701.
16W6.
1702.
166.5
1569.

1587.
1613.
1592.
1499.
1551.

1530.
1318.
1329.
1310.
1207.

1221.
1206.
10990
1092.
1075.

111.Z
757.
?480
?52.

732.
797.
740.

120
26.
45.
53.
65.

67.
59.
54.

101.85,

090
95.
96.

104.
113.

113.
120.
121.
108.
102.

120.
89.

160.
131.
262.

145.
126.
150.
130.
111.

117.
97.1910

121.
105.

116.
100.
109.
201.
204.

137.
201.
212o
2170
169.

1870
173.
253.
244.
220.

242.
3o0
S0o
92.

6&2
1600

63.

600
10.3
14.0
1600
17.0

16.5
1800
15.0
50.3
49.0

49.5
51.0
4835
22.5
7500

7500
52.5
3105
31.5
53.0

33.0
51.0

105.5
79.0

112.0

10600
52.5

11000
7900
9905

31.0
71.0
7605
74.3
52.S

7505
51.0
32.0

117.0
10005

101.0
10100
142.0
192.5
208.1

14900
10405
153.0
1?400
174.0

114.3
76.0
50.0
5405

31.9
154.5

93.0

499.
543.
636.
616.
616.

642.
634.

743.
697.

701.
724.

765.
773.

0710
76C0.
7670
753.
742.

745.
762.

799.
1202.

047.
779.
6520
606.
756.

773..?25.
8Z6.

762.
695.

729.
779.

725.
696.
66000

699.
629.
58a.
601.
5480

562.
645.
606.
5310

5440

546.
4750
394.
391.

466.
436.
446.

QUENCI
TIME

fSECONDS)

27.C
57.2

106.4
144.e
147.6

147.4
144.9
144.4

206.9

204.c
241.7
239.s
243.1
254.s

252.1
265.f

266.1
274o*C

263.%
267.1
272.q
232.C25s.e

289.C
292.C
292.S
293.6

294.1
296.%
304.c
3010.

367.,
352.t

364.6
399.1

393.3
391.1
422.1
424.1
433.2
428.2

437.1
36102
426.C
450.9
442.3

461.C
391.8
212.6
375.!

346.63610.,
4GOt

670.
63k.
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mUN 62211 NEATER 100 STATISTICAL OATA

MAX TEMP fDES F)INITIAL TEMP 4016 F) TURNAROUND TAKE iSEC)

ELEV
12
24
39
46
60
67
09
70
71
72
73
74
75
76
77
78
79

81

84
I6
90

102

Ito
132
136

MAX AIRN mtA
661.7 656.b 685ii
875.0 8465.0 &t.7

1209.7 1155.4 1177.6
136b.9 1337.4 135o.l
155d.7 1426.4 15124.
1586.8 1490.0 154406
1i198. 1462.c 1504.7
1567.9 160.6 1516.3
1521.6 1438.1 1471.0
1580.3 1442.4 1530.1
1573.8 1425.3 1306.6
137Y.2 1352.2 1493.7
1596.8 1390.2 1505.2
1599.6 144103 153:0.
1583.6 1462.7 153C03
1599.6 701.8 1519.3
1590.1 1495.9 1552.2
1577.1 1496.9 154ý.7
1571.7 1469.1 1527.1
1521.6 1396.6 1476.0
1573.6 1459.5 1523.4
1520.7 1418.9 1477.7
1392.3 1265.9 1343.0
117404 1619.5 1144.5
1092.e A109.4 1C02.2
907.0 604.6 M5D.7
676.4 89.6 &800.#
672.2 607.T 631.0

MAX KIN NEAN
673.2 670.1 671.5
900.6 667.7 680.1
1254.6 1201.4 1222.2
1428.5 1393.3 1411.7
1658.1 1502.3 1600.8
1676.8 1594.4 1632.6
1625.1 1573.8 1601.9
1666.0 1594.4 1620.9
1641.8 1551.1 1591.3
1699.8 158709 1648.7
1690.0 1565.1 1826.9
1691.0 1512.0 1629.5
1667.8 1534.8 1630.6
1717.7 1611.9 1663.1
1703.2 1571.6 1651.2
172M0. 114002 164707
1703.2 1641.6 1667.6
1717.7 1639.4 168007
1702.1 1613.0 1670.4
1606.4 1506.6 1566.0
1651.5 1542.4 1610.2
1635.0 1544.5 1596.6
1592.2 1487.3 1547.3
1408.2 1305.8 1346.0
1310.0 117404 1236.3
1191.0C 964.8 109706
793.2 723.4 755.9
797.4 664.6 720.0

PAX
6.0

10.5
1500
16.0
52.5
53.0

75.0
75.00

92.5
76.5

107.5
106.0
11000
139.0184.016400

114*5
106.0
96.0
53.0
53.0

138.5
147.5
196.0
206.1
197.0
1l?.0
15405

KIN
5.5

10.0
14.0
15.0
1605
16.5
22.5
50.5
30.5
50.5$0.5

51.5
50.5

51.0
52.0
17.0
17.5
50.0
15.5
15.5
22.0
74.5
97.5
704.0
77.5
40.0
26.0

MEAN
5.6

10.2
14.5
16.5
42.1
4C0.1
47.2
59.6
6204
57.6
56.4
71.0
71.9

60.6

80.6
77.7
83.1
76.0
30.C
27.1
6506
112.4
154.2
160.4
162.1

720267.2

10N 62211 NEATER ROD STATISTICAL 0D7A

Elfv
12
24
39
46
60
67
69

70
71
72
73
74
75
76
77
76
79
s0
61

46
86
90

96
102
111

120
132
136

TEMP RhSE IDES Fb

MAX plIm lika
11.6 11.6 11.6
25.9 21.7 2304
47.7 39.6 4%.4
60.8 53.6 6i.b

107.5 66.3 69.6
106.6 69.8 68.0
105.5 76.9 97.2
133.8 80.1 104..
119.8 104.2 113..
159.6 89.1 116.6
139.6 93.6 116.1
191.2 102.5 13b.6
172.7 92.6 125.5
172.8 69.5 127.2
162.6 91.4 12009
436.7 73.7 126.5
157.5 73.2 115.3
18209 79.7 146.0
210.9 101.6 A43.3
106.0 7.0c 91.5
10709 7206 at.*
151.9 93.2 110..
249.6 15907 201.3
256.8 143.s 201.5
258.3 131.3 164.1
304.6 160.1 243.06
122.1 63.9 6%41
159.6 57.8 61.0

QUENCH TERP oES FU)

MAX KIN
519.6 496.7
543.3 533.1
645.0 626.4
668.6 617.5
743.1 682.6
787.7 667.6
765.1 700.6
807.6 710.7
8710C 716.9
810.3 735.0
600*7 707.1
830.0 706.8
647.3 464.1
8368. 652.0
655.1 ?19.0
877.0 606.3
956.3 675.6
660.3 718.5
910.7 741.6
769.4 636.3
201.t $280.
90606 70500
890.7 672.9
?26.4 548.6
740.6 534.5
648.7 36707
475.2 391.5
603.7 437.6

REIN
506.3
536.4
635.1
638.3
70604
703.6
728.6
752.4
776.3
760.8
759.4
771.1
749.6
782.5
790.3
784.1
?93.8
791.1
806.8
69.5
490.1
75608
73409
620.7
S91.2
569.1
423.3
460.5

QUENCH TIRE SIEC)

MAX MKI AEAN
26.7 27.0 27.,
5?.2 54.9 55.7

109.1 103.9 106.1
147.8 142.7 145.1
212.4 20107 207.7
252.0 236.6 243.3
260.0 243.1 251.3
260.7 252.6 255.4
26509 232.1 26C.0
274.0 263.9 266.9
279.1 264.1 272.5
263.0 272.9 2706.
290.0 274.3 263.t
294.4 280.0 289.1
306.9 267.6 295.t
315.1 230.6 301.4
317.9 295.9 304.r
321.8 3Cz*. 312.2
323.8 307.0 315.3
339.6 322.1 233.3
353.1 -328.1 341.5
370.0 350.0 361.2
400.1 373.6 368.5
424.1 307.8 412.L6
439.1 331.6 426.2
467.2 217.0 429.4
440.1 212.6 375.4
400.6 40.1 303.6

62211-3



I200.0

1000.0

800.00

,6 600.00
9-

4

4 •00.00

Z00. 00

100.00

- 170,25
IO.O0

150.00

iI•s.O0

100O.00
Z; t5. 000
'S

5 0t.000

a,

e s. 000
0.0

I-
I .o

4*
S

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

ill~: 8

ca

Z.
0

a
a

TIME I SECONDS

- - - - - - - - - - - - - - - - - - - -

FLICHT SEASET ROCKED OUNDLE
RUN 62211 3152t
CH/s Y14 15/1 9012

30.000 r

9.,.
an

?5.000

U,-

9..

20.000 Z,

15.0000

Z-V

10.00

-s.OO't

at

TIME SECONDS

S S

Rod 6L, 1.83 In (72 in.)
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1?00.0

1000.0

-00.00

~.600.00

4 00.00
0L-

1?00.00

100.00

- -- - - -- -- - - - - - - - -

FLECHT SCASET OLOCKED BUNDLE
RUN 91211 3192t
CH/SyM 1117/1 101/t

4
4ý

N

z 192. 0

2000.0

1750.0

1500.0

U50.0

1000.0

750.00

500.00

112:08

I-

OM

a

0-

a.'
0.
3:
a..
0-

a

TIME CSECONDS

8 8

- 170.21

S150.00

125.00

E
so100.00

~ 5000

0.0

:

30.000 c
0.0

25.000 A10.000

10.000 '

O.O000 =b

3

0-.
1S.000 1

a..,
a,..

10.000X ,•
U

5.000 "

91
C

TIME SECONS I

8,"

Rod 6J,. 1.98 11 (78 in.)
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FLECNT SEASET BLOCKED IIUNDLE
RUN Well! SIMZ

1000.0

1750.0

800.00 _ ___ 1500.0

,, .1250.0

00.00.00
I-
4i 4[

400.00 750.00

,oo.oo - -- - - - -- - -B-

TIME SECONDS I

30.000 -

16IS.00 CIY ilI11

I20.00

I00.00 V
•' I.000 Za

SM-

150.000 -

a %

0 ..O000
S10.000.0 -

-5.0010

TIMS M S[CONDS

Rod 6L, 1 .98 11 (78 in.)
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1200.0

1000.6

oo.00.

300.00

S400.00

200.00o

100.00

€€

- ---- -I --

a ~ 8 8 8 8

TIME SE~CONDS

119Z.0

2000.0

1500.011750.0,

750.00

500.00

flBB

B

0-

- 170.48

IS0.00

1•5.00

100.00

75.000

ar 15.O000
4.a

' 0.0

4•M

30.000

411

-5.000 1

C

TIME C SECONDSI

8 8 8, 8*

Rod 11E, 2.29 m (90 in.)
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1200.0

1000.0

"800.c0

, 500.00

co,

MAO

100.00

4.1

S 00.00

2s.00.00

- 170.23

0.0

4 150.00

125Z.00

4[

9,-

0 7.00
4..
4.

2132.0

2000.0

1750.0

1500.0

2250. 0

1000.0

750.00

500.00

fl9:88

a

6.

a

TIME SECONDS

S S

--- - -- - ---- -- -- -- ---
FLICHT SEASIT BLOCKED BUNDLELICHT 

6$3E,RUN $2211 319fe
CH/Sy" 366/1 146/1

v

30.000 "

15.000 Al

4..

0.0

-LOO5-

ct

TIME I SECONDS I

S S S S

Rod 5J, 2.59 m (102 in.)
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- 170.2e

150.00

• 2s.00

S100.00

wSO.O000

25 1.000m-

0.0
I-A

30.000 c

25.000 A

20.000

0.0

-5.000 1

C€C

TINE I SECONDS I

S.

1U00.0

1000.0

300.00Il0. O

, 600.00

400.00

200.O00

100.00

FLECHT $EASET ILOCKED #UNDLE
RUt 62211 31922
CH/SYM 3l11/ 153/2

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

SO.00

S00.00

0~

'a
C

0-a
K

a.-
K
K
0-i
a"z
0-

CC

TINE ( SECONOS I

8* S

Rod 9C, 2.82 m (111 in.)
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C

C
C
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I CCSO

I fiCH? 1*11 31C1U umI( THMBICMA I rNIMAMuRI

________TIME I SECONDS I8h f

1332.0
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1500.0
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1000.0

750.00 T
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1000.0
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500.00

RPM:8

1000.0

900.00

800.00

700.00

600.00

500.00
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ZO0.00

100.00

0
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SINI SICSmbs I

S z
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600.00

500.00

400.00

U-300.00

J 20.00

•. 100.00

0.0

300.00

250. *00

600.00

. 150.00

100.00

t(NAM ItAsf' M~rCKE sushc ~ susing~ WALL ?UNPU*AIVI
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CM/gY 531/ 115/ 511spot$,

- _ 4

111Z.0
IIIm.0

1000.0
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2O00.0
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5700.00
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500.00 .

00.00

O00.00
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J1. Vw

0.0

9
0

11i11 1 MemSo$ I
I
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16:01

50.000

40.000

30.000

S20.000

, 10.000

0.0

-,.9917

FLICU511 UAW LocEIS 3%IOLI VLVID L.svtLS
sun still

9.0001

1.0000

1.0000

6.0000

5.0000

*.0000

3.0000

1.0000

1.0000

0.0
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a
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a
&

____________________ a S I * p

ss
4

€a
81

?INI 4 5110mG,

S
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O.&000

0.5000

0.6000

0.3000

0.1000

0.0

-0.093

rL(CHI 5(*$E' 1LOC19D BUMEL
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CNISYN 203/1 t05/i )oil$ 306/4

1.3230
1.2500

1.0000

0.7500

0.5000

O.M500

0.0

-0.2200

'p

S..

z
a

4
a

a
a
-j

a.
0

?TM I SfCONDS

S
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244.71

225.00

200.00

175.00

150.00

165.00

S100.00

75.000

50.000

25.000

0.0

539.49

500.00

,00.00

300.00 1

200.00

100.00

0.0

CD CO

TIME (SECONDS)

FLECMT SEASCI $LOCKED #UNCLE TEST SERIES
• ~ ~ i NEtO0 E21HATER R.ODS

• .5wo QUENCH TINES (ALL T/C)

"3.5000 - -- - - - - .

LOW

1 3.0000

I. om

I a.Oooo

4 0

O.S000

0.0 ..0.

OUENCH TIME (SEC)

t?.9OO

10.000

z

7.5000

5.D000

0.0

62211-13



3. 761M

3.5 jfll

3.0000

g O.500C'

1. 0000

0.5000

0.0

-a.

F-- IS . C f r .E! C L T. I I
I13 a C

____ -

I

4- -t-- -

(I _

*~2~~~~_
'I _

/ J.~d

-a - -- - - -

C. I ON-

,..00

0.0

CD~4 C C:00 0

TIME i S fC0?iD'

-0. 75.':
0.

0.0

2

4

- ~ ~ II 0 0 ' 0 0 ' '0 . . .
Ac; * C ' C

C'IM U' 0(U C' ;

62211-14



3.7617

3.5000
FLECHT SEA3ET BLOCKEO BUNDLE TEST 62211
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62304

9/23/82

Forced reflood

Flooding rate effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.277 MPa (40.2 psia)

877.1"C (1610.8°F),

8N-1.98 m (78 in.)

2.30 kw/m (0.701

2.29 kw/m (0.699

2.30 kw/m (0.700

155 mm/sec (6.1

53.3°C (128-F)

+5.1 mm (+0.20 1i

kw/ft)

kw/ft)

kw/ft)

in./sec)

1.)

COMMENTS:

Carryover tank filled up at approximately 80 seconds.

Inlet mass flow:

Power decay:( 1 )

(1) -3.6% linearly decreasing to 0% by 20 seconds and

+0.5% thereafter

peripheral rods, 0% constant

bypass rods, -0.5% constant

blockage rods, - 0.5% linearly decreasing to 0% by 115

seconds

1. Relative to run 31701

3542X:1/081583634- 6,2304-1



RoDIEL&V

96 L- C
ION a- 0

90 3- 3
3J 4- C
IN 4- C

8K 4- C
6% 4- c

120 4- C
5t 5- C
7I 5- C

90 3- A0
5E 5- 1
30 3- 7

76 5-10

7F 5-11
40 5-11
21 6- c
30 6- 0
6J 6- A

in 6- 0
Ili b- 2

91 *- 2

m b- 3
4606- 3

11W b- 4
90 6- 4
91 6- 5

a 6- 3
$4 6- 6
90 0- 6

lIF 6- 6
46 7- 0

70 7- 6
70 7- t

11E 7- 4
5L 6- C
1 08- 0

7K 9- C
54 6- 6
73 6- t
75 9- 3
8a. 9- 3

9C "- 3
lIF 9- 3

7110- 0
6"10- 0
6KlO- 4C

$1410- a
6011- 0
9611- 0

11211- IC

$411- 6
7811- 6
$all- 8

FLECHT SEASET 163 ROD BUNOLE TEST SERIES
RUN mUR3ER62304

IINIIlAL MAXIMUM TEMPERATURE TUR•AROUWO OIENCH
CHAN. NO &I FLULL TENPERATURE RISE TINE TEAPRLATURE

ICEG F) W)EG F) (O0$ FI ISECONOS) 4010 Fl

3
6
-9

11
12

*13
14
17
20
21

24
33
45
52
59

62
64
67
70
74

6b
so
97
99
105

111
124
134
143
165

166
192
193
173
261

309
312
325
337
345

346
3Sb
368
383
337

389
394
408
415
417

419
429
4#31
432

436
437
fa33

03-.

1224.
1363.
1344.

1360.
1361.
1352.
1311.
1567.

1539.
114b.
1533.
1492.
1351b.

1433.
1534.
1390.
1490.
1527.

1552.
1553.
1372.
1334.
1350.

1416.
1535.
1461.
1346.
1524.

1590.
1572.
1556.
1556.
1484.

1431.
1'22.
1437.
1300.
1359.

1360.
1139.
1124.
1100.
IC14.

1C42.
1C40.
850.
163.
9s3.

179.
690.
091.
693.

674.
343.
636.

690.
910.

1249.
1394.
1381.

1403.
1391.
1382.
1351.
1606.

1578.
1531.
1595.
1536.
1552.

1495.
1561.
1632.
1535.
1567.

1590.
1592.
1410.
1575.
1407.

1454.
1590.
1517.
1586.
1564.

1633.
1610.
1599.
1598.
1525.

1522.
1565.
1523.
1343.
1399.

1401.
1176.
1159.
1134.
1036.

1070.
1070.
I73.
090.
390.

909.
712.
709.
710.

691.
660.
703.

7.
15.
25.
32.
33.

35.
31.
30.
40.
39.

39.
41.
40.
44.
42.

42.
42.
42.
40.
40.

33.
39.
38.
41.
57.

38.
42.
37.
40.
40.

43.
3'.
41.
41.
41.

41.
43.
41.
39.
40.

41.
37.
35.
34.
32.

23.
30.
28.
20.
28.

30.
17.
1H.
17.

17.
17.
17.

2.0
3.0
3.5
4.0
4.0

4.0
3.5
3.5
4.0
4.0

4.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4.0

4.0
4.0
3.5
4.0
7.5

4.0
4.0
4.0
4.0
4*0

4-.0
4.0
4.0
4.0
4.0

4.0
4.0
4.0
4.0
4*0

4.0
4.0
4.*0

4.0

4.0
4.0
4.5
4.5

4.5
4.5

4.0
4.0
4.0

4.0
4.0
4.0

634.
754.
876.

870.
340.

866.

665.

S440

940.
b6b.
815.
743.

344.
601.
847.
306.

634.

626.
612.
821.
786.
402.

853.
S32s

769.
790.
936.

831.
939.
786.
792.
776.

771.
337.
750.
700.
724.

712.
663.

632.
594.
584.

589.
562.
286.
53b.

427.
612.

623.
614.

556.
549.
591.

Qu0kC01TIME

ISECOhOS)

6.t
13.4
26.4
36.1.

36.E
36.%
37.S
52.5

51-1

51.C31.0

61.4
60.7
63.4

56.*
65.7
66.t
66.0
66.4

65.7
65.4
58,.
67.4

9.3

61.4

71.3
67.4

72.2
t3.'
73.t
72.S

48.1
74.2

93. C
93.7

94.6

103.1
111.0
111.3

108.4
109.4

66.4

66.4
17.1
15.1
16. c

27.c
27.&
2C.4

62304-2



RUN 62304 HEATER ROD STATISTICAL DATA

INITIAL TEMP (DEC F) MAX TEMP (OEC F1 TURNAROUKN TIRE ISC)

ILEV
12
24
39
48
60
67
69
70
TO71
72
73
74
75
76
77
78
79

#I60

46
90
96

102
A11
120
132
138

MAX RiJ RESA
684.6 612.7 684.1
89.06 666.7 617.3

1224.3 1174.4 1193.9
1379.t 1146.c 136167
1567.3 1434sS 1122.6
160200 151201 155707
1532.7 1491.0 151740
1603.1 1476.8 1529.9
1539.2 1453.1 1469.6
1593o3 1453.1 1541.6
1587.9 4443.5 1523.1
1505.8 1372.2 1507.2
1595*5 1415.7. 151609
1609.7 145503. 1547.6
1590.1 1484.1 1543.6
1610.8 1521.8 1560.8

.1003.1 1507.7 1562.2
1582.5 1504.1 1556.0
1577.1 147134 1533.5
1542.4 142.15 14.4.7
1586.6 1475.5 1153.5
1529.4 1423.2 1406.4
1400.7 1253.5 1349.1
1193.1 1014.3 1149.1
1099.6 1030C. 106405
923.5 820.1 600.3
695.3 685.8 691.2
685.8 642.6 664.2

MAX RIm REAO
692.1 690.0 691.4
910.1 881.2 891.1

1249.3 1199.3 1216.0
1409.3 1180.7 1393.3
1607.5 1474.5 1560.3
1642.7 1553.2 1598.0
1573.8 1535.9 1557.0
1644.9 1519.06 1571.1
1501.4 14940. .1532.1
1637.2 1493.7 1582.9
1627.3 1484.1 1564.1
1625.1 1410.3 154.99
1637.2 1454.2 1559.8
1651.1 1494.6 1588.4
1632.6 1520.7 1583.6
1651.7 156300 1601.2
16430. 1546.9 160tD.
1622.9 1546o7 1591.7
16160.3 1516.5 1575.9
156814 1467M0 1133.4
16062. 1513.1 1575.1
1572.7 14&3.8 1526o0
1442.4 1291.1 1389.3
1234.7 1047.2 11860.
1134.C 10660. 1095.5
951.3 M4e.l 694.7
712.0 703.o 706.4
702.0 659.6 6800e

MAX
2.0
3.0
305
4.0
4.5
4.5
4.0
400
495
4.0
4.5
4.0
S.0
4.0
4.5
4.5
4.S
4.5
4.5
4.0
4.0
4.0
4.5
400
400
5.0
4.0
4.0

2.0
130
105
1.5
305
3.5
4.0
4.0
4.0
4.0
4.0
3.5
4.0
3.5
4.0
4.0
400
4.0
4.0
3.5
3.5
4.0
4.0
4.0
4.0
4.0
4.0
4.0

REAM
2.C
3.,
3.5
3.8
4.1
4.C
40.
4.C
4.1
4.6
4.C
4o.
4.1
40C
4.C
4.C
4.c
4.1
4.1
3.7
3.4
4.C
4.€
4.C
4.C
4.4
4.C
4.C

RUN 62304 HEATER ROD STATISTICAL DATA

TEMP RISE IDES Ff QUENCH TEMP (IS F) QUENCH TIRE I(SCO

ILEV
12
24
39
46
e0
67
69
70
71
72
73
74
?5
76
17
78
79
go
81
64
46
90
90

102
311
120
132
138

PAX RiK PLA
7.3 7.3 7.3

15.5 14.1 34.6
25.9 20.8 2#.2
34.6 29.5 S.&.7
43.3 35.3 39.5
42.2 3.6. 40.3
44.3 37.9 46.1
43.0 3906 41.2
44.9 41.2 4205
43.9 3709 41.2
43.3 38.6 40.9
42.5 36.1 4C.7
46.0 160.6 . 4U.9
43.4 36.6 40.9
43.5 360. 4000
4505 30*. 40.5

4.06 306. 40.7
44.4 36.1 41.7
45.5 39.0 42.4
43.3 35.8 36.7

•42.4 306. 39.0
43.3 37o. 41.1
42.5 3705 46.2
41.7 2300 37.0
34.2 260. 31.0
31.o 2406 10.4
17.6 16.1 17.2
17.9 14.7 160.6

PAX Rim KEIN
63402 627.9 63009
754.2 74706 751.6
875.7 615.9 654.9
68T65 639.9 @6b07
944.3 650.3 905.7
691.7 731.t 649.3
860.5 745.4 817o3
654.4 .620.0 834.7
643.9 70641 612.9
85600 ?60.9 623.1
659.2 745.1 814.0
87109 77067 619.4

1133.0 7M6.T 449.q
937.1 709.1 360.4
930.1 785.0 672.8
964.7 741.4 655.4

1044s0 792.6 9T67.
1043.1 799.06 67.6
99606 606.1 860.3
934.C 722?7 791.3
924.6 703.3 774.5
940.8 715.9 777.5
633.1 073.3 714.6
722.1 60020 071.4
661.7 561.9 54.06
673.1 254.6 449.6
623.0 583.8 606,0
591.2 283.5 499.4

RAX RIK REAN
6.9 6.6 0.6

1304 13.0 13.3
2?.5 2604 27.6
30.0 3065 37.3
53.3 51.0 52.C
62.1 56.6 600.3
6400 6007 02.3

05.5 6304 64.3
05.7 583 630.4
67.4 0504 06.3
68.4 64.06 7.2
69.2 5101 6501
70.9 12.9 03..
?1.5 50.5 06.7
73.0 53.3 65.2
?3.9 43.1 7?.6
75.4 46.4 60.t
?60.4 42.9 b6.g
?7.5 49.0 09.C
61.7 62.5 77.4
63.9 670Z e0.4
90.2 79.2 67.4
96.0 91.2 95.6

105.5 102.5 1040C
111.5 94.0 109.7
106.4 14.2 74.7

20.5 15.1 17.5
53.0 2004 31.4
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1100.0

100.0

O $00.0

600.00

49

IL DO. 00
z

100.00

FLICHT SIASEI BUNDLES
RUN 62306 31701 _____

CW/SYM 226/1 1912

TIME 4 SECONDS

FLECHI SCASET BUN0ES
RUN 6Z304 31701
CM/sym M l 12 ?6/.'______

1750.0

1500.0

1250.0

I--

750.00 4IL

500.00

_ 3e0.57

a 00.00

60.0

I

Szoo.oo0

150.00

400.00

0.0

o0.001 a

50.000
a.r

40.O000 :I-

30.000 "

20.O000 "

30.000

20.0

C
Ca

TIME CSECONDS

3.

Rod 11E, 1.52 m (60 in.)

62304-4



1100.0

000.00

000.00

'-
9C

600.00
IL

200.00

Z500

i-

Z00.00

100.00

! 50.000

100.00

1 350.00

'~a

a 00.00

t-.

'- 250.000

00.00

FLECCT SEASET BUNDLES
RUN 61304 31701

RUN 6?30 31701
CH/SYM 75/I 60/2

1750.0

15010.0

1250.0

1000.0

750.00

500.00

S..

Si
be
C

be

if
9-

if
be
S.
a:
be
9-

60.001 c

a

50.000
N

40.000.

30.000

20.000

10.000

La

0.0

C
IC

TIME I SECONDS

c;

Rod 6L, 1.88 m (74 in.)
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1100.0

1000.0

80000

cb

600.00

a~t

S*•00.00

3

200.00

z. so. oo
100.00

1530.00

a
AMA250.00

0.0
- 100.O00

ad
4

0.0

FLECNT SIASIT BUNDLES
RUN $Z304 s1l01
CN/STN |19/1 10/1

TIME C SECONDS I

FL[CHT SCASET $UNCLES
RUN 6?30k 3170t
CH/SYm 199/I 10212

1750.0

1500.0

1000.0

750.00

500.00

m:88

a-
'a
'4
a

'4
B
a-
4
B
4.'
a
I
4.'
6.-

CD

30.00

10.000

30.00

C

TIME I SECONDS I
3

Rod 13G. 1.98 m (78 in.)
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1100.0

1000.0

$00.00

" 00.00

400.00

200.00

100.00

I
I

FLECKT SCASET 1UNDLCS
RUN 62104 31701 ______

CHISYN 2641t H121

TIME 4 SECONDS I

VLECHT SEASET SUNDLES
RUN 62304 31701
CI4ISYM 264/1 126/2

M..150.000

U

I;0.000 •

ar

10.000 -

I0.000

000

1•50.0

- 3t0.57

300.00

150.00
200.00

150.00

0

S00.00

C
C C;

TIME ( SECONDS i

Rod 7E, 2.13 m (84 in.)
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1100.0

1000.0

800.00

I..

600.00

100.00

FLECHT SEASET BUNDLES
RUN $2304 31701

1 750.01

1250.0

1000.01250.00 ,.
a,I

500.00

tFp:
a.

a
a c;

T114E ( SECONDS

I
a

340.57

a 300.00

250.00

S150.00

200.00
aI

.- 10.000

0.0

FLECHI SEASET BUNiDLES
RUN 6?30a 31701
CM/SYU 31711 121/2

50.OOt

40.000

30.000

20.000

10.O000

0.0

C
0
C

C
'U

C
40

TIME I SECONDS

C
C
C

C0

Rod 9C. 2.29 m (90 in.)
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1100.0

1000.0

O00.00

- 400.00

?00.00

100.00

FLECCT SEASET DUNDLES
RUN $flO4 31701
CH/SV1N 393/t 6/

KC

TIME I SECONDS

S i

_ 340.57

'I

300.00

? 150.00

o

S150.00
C

100.00

" 50.000

0.0

FLECHI SCASET SUNDLES
RUN£ 6?304 31701
C14/svm 3S991 1611t _____ _____

1750.0

1500.0

6?0.00

1000.0 "

4[

750.000

OD

500.00!

30.000

.,

Q
0.o0o00

10.000
40.000

lI-

20.000 ~

0.0

9
C

TIME ( SECONDS

S
C

Rod 13G. 2.82 m (111 in.)
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1100.0

1000.0

800.00

ca
600.00

000.00

OO.00

t00.00

FtfCNT SEASET IUNDtf IRUN 62 Do 31 Ol
CNISYM ets/I 12

l0SO.0

1250.0

1000.0

750.00

500.00

€9cb
U

TIME ( SECONDS)3

S S.

- 3oo.oo

S300.00

0W 0

4, z oo. 00

S150.00
I&O.O0

5 100.00
0

0.0

FLfC"T 5EAS[T BUNDLES
RtUNl 2304 31701 •
fWtSYM 415/1 16512 €D

50.000

30.O000 *20.000

30.000 -

!0.000 l

a°.

a
a

TIME (SECONDSOI

Rod 8H, 3.05 m (120 in.)

62304-10



1000.0

900.00

800.00

700.00

600.00

500.O00

400.00
300.00

?00.00

200.00

M LCWT $(ASE' BLOCICII GU%0L AXIAL VAPOR T[UPERIVOuR(
a,, itr U30e

1832.0
1750.0

1500.0

1M5.0

a~O.
sooo.o -

750.00

)
C;
T. g

S.
C
Sr.C!

0

7I"t CS5I

tO00.0

900.00

800.00

700.00

600.00

5 500.00

400.00

300.00

t00.00

100.00

1832.0
I 753.0

1500.0

1250.0

1000.0 -

750.00 j

500.00 ~

S

62304-11



3010.00

No.00

i150.00

1 00.00

0.0

300.00

M5. 00

200.00

150,oo
IO.O

FrLgcn '111T aLacI c Ial woIuii VALL arPtIATvEI I
"DID USIA

M uivN1 0.1 SCAi,. ILOCA9 SUs,, LO FUIAN VPR 16EMUs0 vl 6104

_I I
!d

711I CCIUSS018 2

C./S' ~l, lul lO l** 13

- 4 14-4$ 3l |. 1/I $11 ~ *l •l

$72.00

500.00

400.00

300.00 Z

M00.00

100.00

572.00

500.00

400.00

300.00

200o.oo

100.00

3•.0000.0

S
f

121' I a S OUI0 5 I
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50.000

40.000

30.000

-0.090
-4.9987

WET.Cu UAW11 ftocateS UNDLI rLUID LE VELS
] ul I gal .
CNUSN 91StI hu 51) 6/L N '/"M %tl Il title S6111| s$$1 ..

, [-

9.0001

1.0000

7.0000

6.0000

5.0000

4.0000

3.0000

Z.0000

1.0000

0.0

-0.7250

a

a
U

aa

I

g T
aI[ s[€Ou I

S. S S

4.500!

3.0000

Z.0000

t.0000

00
-0.0

-O.3373

S.9210

$.0000

6.0000

4.0000 i

M.OD

000

a

tIn
a
C

aa
a
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300.00

250.00

200.00

150.0

FLECHT SEASET BLOCKED BUNDLE TEST 62304
IzMASS INJECTED 2aTOTAL MASS INVENTORY
3aSTEAM OUT 4*LIOUID COLLECTED SaMASS I1 BUNDLE

785.51

700.00

600.00

i

400.00

300.00

50.000

0.0 0.0
'a
a
- a
va 0

TIME (SECONDS)

LOUW

-Z.0000

1.8800

L530000

0.0

:1.000 a

7.5000

5.0000

2.5000

0.0

aa; c;i
OUENCH TIME IS(C)

3

62304-14



3.9384

3.000

Z.Wo

40

0.0

FLECHT SEASET BLOCKED UNDLE TEST 61304
LEVELIFT) 0-3 1-z ?-3 3-4 - 4-5 5-6

1 2 3 4 5 6

TIME 4SECONDS)

FLECHT SEASET BLOCKED BUNDLE TEST 62304
LEVELEFT) 0-1 1-2 1-3 3-4 4-5 5-6

I Is 6

AT _ _ _ _

0.5712

0.0

O .5000

0.4000 -

if,a.

C
4

0.3~00 S.'z

C

0

1.15r"

1.0000

0. yn0

QC

3 0.70

o 0.5000

0.1500

0.0,

1.0000

V

0.7500 4-
~.1
4

S..

C

0.5000 a

0.0

m K
TIME ISECONDS)

C

e
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3.3sm

3.5000

-2.5000

ca
.0

a".= oo

FLIENT SCASCI BLOCNED RUNDLE TEST 62304
LIVELVF71 6-7 7-8 9-9 9-jfl 1o-Il st-tI

3 4 3 0.5000

S.~000 ;
a.
a
4

S.W00 ~
a

a

o.zo00 -J

0.t~
0.5000

0.0 0.0

~C,
TIME (SECONDS)

9
c;

a

N 0.'5000

-. m

0.500

0.0

,11'C,
0.7500 -

4M
e.,
ai,

0.0
'a

TIME £51 CONDS1

2.
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK
SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62413

9/27/82

Forced reflood

Peak power effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure
Initial peak clad temperature and location

Initial peak rod power.:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.276 MPa (40.0 psia)
875.90C (1608.60F),

8N-1.98 m (78 in.)

3.284 kw/m (1.001 kw/ft)

3.28 kw/m (0.999 kw/ft)

3.27 kw/m (0.997 kw/ft)

38.1 mm/sec (1.50 ln./sec)

53.8°C (1296F)

-5.6 mm (-0.22 in.)

COMMENTS:

With the increase in the peak power to 3.3 kw/m (1 kw/ft), the power
supplies were reconfigured with 54 rods in each so as not to exceed the
power limitations. Rods G-15, H-15, 1-15, and J-15 were moved from the
peripheral rod supply to the blockage island rod supply, and rods 1-6,
J-6, C-8, C-9, D-9, D-10, E-lO, C-11, D-11, and C-12 were moved from the
bypass rod supply to the blockage island rod supply.

Carryover tank filled up at approximately 460 seconds.

Inlet mass flow:( 1 ) -6.6% linearly decreasing to -2.6% by 500 seconds

Power decay:(l) peripheral rods, 0% linearly increasing to +1.5% by 400
seconds
bypass rods, 0% exponentially increasing to -2.5% by 400
seconds
blockage rods, 0% linearly increasing to -1% by 400
seconds

No heat transfer plots are included.

1. Relative to run 34524
62413-1



FLECHT SIASET 163 ROD BUNDLE TEST SERIES
RUN NUN3ER62413

RUDIELEW TINIII&L NAXIMUN TERPERATURE TURNAROUND QUENCH .QUENCh
CH4AN. No AT FLO&V TENMERATURE RISE TINE TEXPREATURE TfME

40l F F) I016 Fl IDES vi ISECONDS) IDES F) MSECOMOS)

96 L- 0 3 t85. 712. 270 SOS 594. 22.e
IO 2- iC a 898. 997. 99. 800 694. 49.c

96 3- 3 9 122aO 1362. 136. 2.95 M22. 98.3
3J 4- 0 11 1334. 1564. 210. 42.0 838. 143.S
734 4- 0 12 1337. 1950. 213. 41.5 77#. 147.4

8 4- .0 13 1359. 1580. 222. 42.0 793. 151.1
3N 4--C 14 1360. 1938. 198. 40.0 839. 141.4

120 4- C 17 1343. 1540. 198. 41.0 839. 140.%
51 5- 0 20 1493. 1856. 363. 66.5 992. Z24.4
76 9- 0 21 1949. 1914. 365o 56.5 963. 212.4

96 5- a 24 1540. 1894. 354. 57.5 9490 218.1
SE 5- 7 33 1524. 1858. 334. 6900 919. 262.7
86 5- 1 45 1546. 1903. 398. 70.0 965. 266.C
9N 5- 9 52 1300. 1801. 301. 6000 322. 268.C
76 9-LC 59 1901. 1866. 365. g0.9 879. 237s

7F 5-11 62 1442. 1736. 293. 99.9 1132. 205.7
46 5-11 64 1527. 1911. 384. 69.0 g86. 296.t
21 6- 0 67 1379. 1994. 415. 32.9 10070 294.q
S0 6- iC 70 1484. 1848. 364. 92.9 873. 296.C
6J 6- C 7' 1917. 1893. 376. 80.0 894. 305.4

7M 6- 0 66 1538. 1942. 404. 71.5 930. 292.2
111 6- C 80 1545. 1936. 391. 81.0 914. 296.7
&A 6- 2 97 13670 1723. 3360 60.0 W67. Z69.0
334 6- 2 99 1530. 1995. 429. 81.9 836. 314.1
9E 6- 2 105 1337. 1898. 360. 111.9 1344. 232.t

$0 6- 3 111 1412. 1765. 352. 61.9 909. 274.C
46 6- 3 124 15945. 1993. 408. 81.0 912. 321.S
113 6- 4 134 1487. 1839. 401. 70.0 770. 264.3
90 6-# 4 143 1533. 1995. 463. 4900 847. 323.L
9J 6- 5 165 15300 1800. 3490 60.0 916. 309.5

9N 6- 5 166 1579. 1996. 417. 79.0 967. 325.4
8J 6- 6 192 15710 1952. 377. 62.0 1045. 299.%
9U 6- 6 193 1543. 2017. 474. 99.0 882. 335.C

11F 6- 6 173 1532. 1967. 414. 39.0 869. 334."
4S 1- 0 261 146. 1769. 293. 44.5 621. 3780.

70 7- 6 309 1462. 1327. 366. 86.0 903. 338.7
76 7- 6 312 Is(.* 1831. 3253 9505 1006. 345.c

119 7- a 325 1477. 1876. 399. 9900 890. 410.7
SL 8- 0 337 12983 1796. 437. 99.0 824. 457.4
7A 8- 0 345 1345. 1308. 463. 99.5 0300 429.1

7K 3- C 346 1847. 17970 450. 96.0 320. 447.1
SJ 8- 6 366 1135. 1478. 343. 5305 705. 493.C
73 6- 6 368 1104. 1455. 347. 99.9 696. 498.7
71 9- 3 383 1C36. 1525. 439. 236.1 727. 48331
8N 9- 3 337 IC460 1457. 4110 239.1 745. 483.C

9& 9- 3 369 IC33. 1421. 388. 111.9 713. 511.C
lIF 9- 3 394 1036. 1391. 395. 820. 826. 44837
7810- 0 408 343. 1297. 454. 139.5 9533 564.0

m810- C 415 ass. 1398. 939. 241.1 662. 319.1
6Kb0- C 417 899. 1303. 443. 193.5 642. 564.C

4X10- 0 418 3740 1404. S30. 146.5 761. 5b4.C
6311- 0 429 892. 937. 249. -10600 553. 5640c
9611- IC 431 M92. 1096. 4040 248.1 716. 380.7

11611- 0 432 o8o. 987. 300. 131.5 671. 387.C

SJ11- 8 436 672. 889. 217. 98.0 571. 564.C
7?11- 6 437 644. 993. 349. 159.9 58S. 564.c
sJil- t 438 892. 934. 242. 153.5 631. 564.0
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RUN 62413 NEATER ROD STATISTICAL DATA

ELEW
12
24
39
48
60
67
69
70
71
72
73
74
75
76
77
78
79
so
SI
84
Sb
90
96

102
111
120
132
138

INITIAL TEMP 40E6 F)

MAX Rik MEAS
6604. 674.3 879.2
897.7 657.4 87206

1225.4 1167.2 1167.4
1364.8 133704 135201
1374.9 1426.4 1512.7
1587.9 1493.o 1541.5
1520.7 1496.9 150.00
159*6. 1441.4 1511.6
1527.2 1442.4 1477.6
1581.4 14468. 1532.7
15855. 1458.5 1518.9
1578.2 1367.C 1490.2
1584o7 1412.5 150908
1607.5 1441.4 153684
1579.3 1476.5 1535.4
1608.6 1507.7 1553.0
1605.3 1461.3 1554.1
1570.6 1500.1 154C.5
156407 1459.5 1526.3
152400 1420.c 148701
1593.3 1449.5 1527.4
1527.2 1417.6 147V-6
1391.2 1251.5 1341.9
1199.3 1C10o1 1143.4
1099.6 1029.7 1o57.4
913.2 415.C 861.6
700.5 662.7 691.2
69201 6430. 66500

.MAX TERP £0E6 Fl

RAX MIN MEAN
712.0C 701.6 706.1
956.5 913.2 929.0

1361.7 1303.6 1323.2
1590.1 1540.2 1565.3
1965.4 1684.5 1854.3
1944.7 1809.3 168407
186764 1762.4 1843.3
1945.8 1616.1 1680.3
191104 17350. 1850.6
1994.1 1847.8 192.8S
2003.4 1S5102 1909.9
197406 1723.3 1904.2
1972.3 1764.6 1906.9
2044.3 1670.5 195108
2013.9 179103 1933.1
207682 1617.3 1952.?
2002.2 1673.0 1930.6
2042.0 1686.2 197.ol
2063.C 1652.3 1947.2
1608.2 1657.0 1742.1
1922.9 1762.3 181501
191680 1603.7 1659.8
1697.6 1755.6 18210.
1576.1" 1455.2 151306
1525.0 1382.8 1451.3
143008 1192.0 134503
109507 90500 99702
99507 689.4 95503

MAX
5.5
8.0
S?.D27.00
43.0

7900
64 *5
90.0
79.S
95.,

102.0
99.0

100.0
99.0

100.5
99.0
96.5

101.5
97.0
94.0
60.$
99.0

13705
202.1
24301
253.1
248.1
264.1

RIk
5.0
6.0

3000
54.5
55.0
60oD
62.0
55.5

66.0
57o0

81.5

15.0
44.*0
44o5
43.5
44.0
42.5

55.5

66.088.0

8205
8900
9605
9800

REAN5.2
S.C

25.9

80.1

75.5
77.t

€60 *

83.t
79.2
60.8

62.7780*7
76.3
75.8
77.c
72.%
50.9
57.3
74.2

101.5
117.8
136.C

164.7
172.3
183.3

TURNAROUND TIME ISEC)

RUN 62413 HEATER R0 STATISTICAL DATA

QUENCH TEMP 40EG F1TEMP RISE 9016 F) QUENCH TIRE ISEC)

ELE¥
12
24
39
46
60
67
89
70
71
72
71
74
75
76
77
78
79
so
$1
64
86
90
96

102
111
120
132
138

IAX
27.3
586.

142.6
237.9
390.5
362.4
36305
387*5
414.2
430.8
417.8
439o3
45703
462*6
46108
47309
461.7
513.2
524.9
298.3
37603
422.1
535.9
49101
469.4
56201
403.6
3486.

Rlk
26.2
54.6

127.4
19705
Z56001
306.7
265.5
34903
293.1
363.7
37109
35601
350.5
359*1
21206
2680|
28962

298.7
316.4
206 *
19*5.6
325.3
43506
3060.
34403
377*C
225.3
217.3

PLAN
28.9
56.4
135.7
21302
341.6
337.2
334.3
36607
372.6
32 6.1
393.0
40600
39701
413.4
397.6
399.0
396.7
432.6
420.9

267.7
360.2
479.6
370.2
39309
463.5
305.9
296.2

MAX
594.5
694.4
834.9
845.6

104304
9968.6
933.0

1009.3
1182.4
1006.5

994.6
954.1

108509
993.2

106002
132304
1209.3
1450.9
1450.6
10290.9
1399.6
1429.1
1334.6
687.6

1006.0
684.3
71506
61401

PIK
5586.1
66207
617.4
77605
946.8
795.3
621.7

626.4
617.2
629.9
746.6
539.4
76907
850.0
735.0
724.2
76709
90707

11006
844.*4
78506
66306
48303
470.3
559.2
946.6

MEAN
591.3
678.5

622.1
977.3
921.7
S99.6
945.5
955.4
917.7

69906
91040
95707
9530.
979.7

100609
1042.0
464.6
94868
953.9
903.3
763.7
75001
690.3

682.7
830.4

PAX24.0
49.0
99.9
151.6
225.9
272.8
266.5
292.0
296.6
305.4
309.4
320.0
321.0
334.3
335.0
34508
34405

358.9

365.4
391.0
424.9
460.3
496.7
564.0
564.0
564.0
564.0

MIN
22.8
46.5
9504

140.6
210.5
256.8
266.0
276.7
2C5.7
Z92.2
293o7
26Z.0
Z0709
z84.3
243.5
155.7
166.2
12.03
143.3
261.9
196.4
231.9

30006
360.4
391 *8

360.7
330.1

PEA%
23.6
47.4
970*0

144.5
217.1
264.4
27601
263.1
269.8
298.7
303.2
3C3.7

295.9f
312.2
295.t
304.1
293.1

3C1.2
2986.

S55.2
34608

361.1
420.7
455.9
486.8
52C.0
474.4
sl.e8

62413-3



1300.0

1200.0

1000.0

9. 00.00
'I

I600.00
•I

* 400.00

2o00.00

100.00

G

FLECCT SEASET BUNDLES
RUN 0t13 3652_
CHISYN 17311 38/2

TINE SECONDS I

Rod 11F, 1.98 m (78 in.)

FLIC19T SEASET BUNDLES
RUN -6t413 _______

CHISYM 19/1 197/2

I

2372.0
??50.0

2000.0

1750.0

1500.0

1250.0

!000.0

750.00

500.00

flw88

1300.0

1 00.0

1000.0

800.00
ca

$00.00

IL

4 00.00

Z0. 00

100.00

2372.0
22so.0

2000.0

1750.0

1500.0

15so.0

2000.0

750.00

500.00

111:88
a
a

Sj S S
TIME ( SECONDS

Rod 9E, 1.98 m

8 §

(78 in.)

62413-4



1300.0

1200.0

1000.0
8O00.00

41

. 600.00

4 00.00
i,..

200.00

100.00

2372.0
Z250.0

2000.0

1750.0

1500.0

U250.0

1000.0

750.00

500.00

M68

a..
'a.
a..
a

a.j
a
D
I-

a
0.
K
a..a-

190

8

TIME 4 SECONDS I

Rod 7E, 2.13 m (84 in.)

8 8

1300.0

1000.0

1$0.00

• 600.00a.-

400.00

0.O

200.00

100.00

FLICHT SEASET BUNDLES
2372.0

2650.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fe:88

a..

'a.
a.'
a

a..
a
a-
a
a
0.
K
a.,a-

S.
a

TINE t SECONDS

Rod 11E, 2.29

S 8

m (90 in.)

62413-5



1300.0

1200.0

1000.0

0.

800.00

600.00

200.00

100.00

FLECHY' SEASET BUNDLESRUN $2413 345?4
CH/SY" 349/1I 131/2

2372.0

2250.0
2000.0

1750.0

1500.0

l5so.0

1000.0

750.00

500.00

flP:88

I-

'S
SM
a

SM

.4
m
SM
0.
I
S.,
I-

a
a

TIME ( SECONDS

Rod 8E, 2.44 m (96 in.)

t300.0

1?00.0

1000.0

r.00.00

600.00
1--
41

SMA

200.00

100. O00

2372.0

Z5O.0

?000.0

1750.0

15300.0

1250.0

IO00.0

750.00

500.00

112:88

.41
x

I..

€a
0

sS

TIME ( SECONDSI

Rod 8D, 3.05 11 (120 in.)

62413-6

S
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1300.0

UNA0.O

1000.0

. S00.00

600.00

• oo.oo

31 00.00

ZO0.00

t00.O00

FLECHT SEASIT SUNDLES
RUN 42413 34524
CHISYM 415/1 14112

2372.0
22•0.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

Mee.00

I.,
be
C

be

g
bD
a.z
be

Cl€;

TIME 4 SECONOS

Rod 8H, 3.05 m (120 in.)

8 8.

62413-7



1200.0

1000.0

000.00

000.00

200.00

I00.00

000.0

1000.0

800.00

$00.00

S*00.00

?00.00

100.00

[FLIC"T SEASUT ILOCEI( IUUSLI LISAL VAPOR ?IWPESATUR(S

It"( 4 HMCOWs 3

I L(CNT SIAS[? gLOCUID 8UDLI WHINLE WALL. 11"PINASURES

mull W41

2192. 0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fp: 88

a192 .0

2000.0

1750.0

1500.0

160. 0

1000.3

750.00

500.00

AM28

I C!E SCOS

Sj
aa

62413-8



300.00

MAO0

100.00

I 1O0.00

BJ100.00

SO.5000

0.0

300.00

?50.00

200.00

• 150.00

100.00

$0.000

0.0

IFLECu ZUT M~AET McM MLE Muising MALL RM1NPLB~aM

CNSUM 111 11M eis 14"l Sil

Aui.e~ s ss wi i,

,- .

572.00

400.00

200.00

iO.O

100.00

32.000

I

a.
a

TIME I SEEMSU I

S S S

572.00

500.00

400.03

300.00

200.00

200.00

3U.000

TIME iic

8 0

§

62413-9



50.000

30.000

30.000

10.000

0.0

-*.3917

0.1SSSI

0. o00

0.7000

0.60m

= 0.5m

0.4000

0.300

0.2000

S01000

0.0

-0.n"S

3.0001

1. 0000

7. 0000

6.O0000

5.0000

4.0000

3.0000

Z. 0000

t.0000

0.0

-0.7 5M

1.9840

&

aa

a

98

fix[ I s2CONoS
I

FLECUT S[AS1 lLOCWNED BUNDLE rLOW ATE
sun $t413 £•*13 $2413 61413
CNISYN 12011 taste 20113 $01o

%oý 
A

0.orim

O.W700 .

0.5000 C

0.2500 •

o
a

TINE I SECOSOS a

S

0.0

-04.100

62413-10



365.07
MO.O0

0.00

300.00

250.00

200.00

z, 150.00

100.00

D
"1

0.0
ID S

T11NE (SEC0NOSi

500.00

300.00

100.00

0.0

13.944

10.5000

.'t

7.5000 C2

-c

5.0000

4o.

IO 1O

0o.

t2.5002.0000

FLECNT SEASET SLOC;CO SUNDLE TEST SERIES
6?4ts NEATER ROD$
OUEmCH TI1LS CALL TIC/ -a

• plur 3

Q~ 0 lIa
____ *T e--T"I ..•

- e -e- o

*i0

0.00

IIOU 0.0

C

C

QUECNc TIME ISECI

S.

62413-11



3.1156

6
&
~
a
4

* Z.~N
a

2
-d

1.-N

0.5534

0.50W

0.4000

0.0

a~0.0

I.?50

TIME (SECONDS)

O.sm

FLECHY StASET BLOCKED BUNDLE TEST 62413
tCVCL(Fi 0-1 1-2 ?-3 3-4 4-5 5-6

m- 3 4

0.7500 2

0.5000

0.2500

0.00.0
4*

ji;

8

T114C (SECONDS)

Si Si

62413-12



3.1115A

3.0d00

Z.W

!Z.0000

I"Oo

0.000

FLECtT SEASET ILOC9IE BUNDLE TEST 6ZU43
LEVELEFTo (-7 1-8 S-9 9-10 10-1t ti-Iz

I ? 3 5 6

As_1

0.5534

a.W

0. low

0.0
8~ 8.

TINE CSECONDS)

S S.

L.nSO

a
~

4

b.

C

; o.~

0.?500

0.75"

0.0 0.0
I.

TINE ISECONDS)

4m

62413-13





FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62503

9/28/82

Forced reflood

Variable flow effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.274 HPa (39.7 psia)

871.6"C (1600.9-F).

8N-1.93 m (76 in.)

2.30 kw/m (0.700 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.29 kw/m (0.699 kw/ft)

Variable (see page 62503-18)

52.80C (127-F)
+2.8 nin (+0.11 in.)

COMMENTS:

None

3542X:1/090683 62503-1



FLECHT SEASET 163 R0D BUNOLE TEST SERIES
RUN HUNBER62503

RO0IELEb TIITIAL RAXIMUM TEMPERATURE TURNAROUND GLEhCH QUENc•
CHAN. NO Al FLOi6 IEXPERATURE RISE TIME TEMPRLAIUIE TIRE

IEG1 F) 1UEG F) fvEG F) tSECONDS) (DE6 Fi ISECOhOSI

96 1- 0 3 677. 695. 18. 3.0 566. 211.
1LO 2- c a 186. 9zs. 38. 3.0 644. 46.c
96 3- 3 9 1213. 1262. 69. 12.0 776. &3.1
3J 4- C 11 1350. 1473. 123. 38.0 773. 121.%
IN 4- 0 12 1340. 1471. 132. 37.5 771. 132.s

GK 4- C 13 1355. 1433. 133. 39.0 751. 137.1
on 4- C 14 134v. 1460. 110. 33.0 309. 126.4

120 4- C 17 1341. 1443. 103. 29.9 634. 125.%
59 5- 0 20 1418. 1728. 239. 65.5 953. 203.S
76 5- 0 21 1349. 1769. 220. 35.0 961. 201Mo

96 3- 0 24 1523. 1791. 228. 73.0 923. 206.7
SE 5- 7 33 1524. 1803. 279. 39.0 937. 26e5t
48 9- 7 45 1543. 1307. 264. 33.0 $27. 273.1
9" 5- 9 52 1483. 1803. 319. 93.5 626. 244.t
76 S-10 59 1303. 1798. 295. 88.0 760. 307.S

7F 5-11 62 1445. 1747. 302. 99.0 456. 367.%
46 5-11 64 1530. 1850. 320. 98.0 390. 325.t
21 6- 0 67 1577. 1886. 309. 95.5 944. 327.5
50 6- 0 70 1411. 1805. 324. 10200 309. 324.7
6J 6- XC 74 1519. 1785. 266. 95.0 393. 333.1

7a 6- C 66 1533. 1864. 32?. 99.0 $04. 324.t
ILE 6- 0 80 1593. 1338. 300. 91.0 891. 328.1

43 6- 2 97 1364. 1757. 393. 121.0 857. 345.S
5H 6- 2 99 1323. 1873. 344. 101.3 864. 363.1
91 6- 2 105 1330. 1321. 491. 117t. 282. 711.1

434 6- 3 111 1406. 1771. 365. 123.5 912. 356.3
46 6- 3 124 1546. 1896. 351. 99.3 863. 376.t

113 6- 4 134 1489. 1784. 314. 84.5 692. 317.4
90 6- '4 143 1332. 1934. 403. 113.5 900. 3$3.%
9J 6- 5 165 1511. 13Z4. 313. 191.0 853. 40o.t

9M 6- 5 166 1530. 1919. 339. 102.5 921. 383.,

4J 6- 6 192 1360. 1891. 331. 109.0 890. 4C2.!
90 6- t 193 1545. 1947. 402. 117.9 43v. 410*.

LIF 6- 6 173 1540. 1899. 351. 102.0 866. 397.7
4f 7- 0 261 146q. 1800. 331. 101.9 694. 469.4

70 7- 6 309 1488. 1904. 436. 194.0 14. 5471.7
76 ?- 6 31Z 1510. 1976. 466. 213.1 176. $29.8

11 7- 6 325 14%4. 1380. 416. 166.3 7833 303.8
5L 3- 0 337 1298. 1340. 541. 173.5 746. 61z.1
7" 6- 0 345 1343. 1979. 631. 230.1 798. 611•.

7K 0- C 34t 1349. 1398. 549. 215.1 751. 4€4.t
SJ 8- 6 366 1130. 1711. S31. 280.1 649S. 44.5
76 3- 6 366 1117. 1662. 945. 250.1 646. 655.7
lE 9- 3 383 1092. 118. 727. 310.1 732. 69..,
334 9- 3 387 C044. 1634. 990. 194.0 101. 493.4

9C 9- 3 389 1636. 1642. 606. 311.1 101. 694%7

I1F 9- 3 394 1032. 1709. 677. 919.1 67g. 696.1
1410- 0 403 846. 1971. 729. 346.1 614. 713.1

4310- a 415 354. 1948. 694#. 39.1 633. 132.1
bi1O- a 417 336. 1431. S76. 39.51 424. 731.1

41b- c 418 811. 1430. 609. 209.1 *eo. 731.1
4411- a 429 691. 1109. 418. 41S.1 b0o. 740.6

9611- 0 413 too. 14Wt. 736o M7o.1 s. 6017.7
181k1- 0 432 t?1. 1416. 740. M77.1 641. 74?.1

5J11- c 434 tab. 917. 231. 163.9 610. ?1?.1
M111- 4 431 845. 1313. 633. 411.1 6107. 12.1
IJll- 6 434 bob. 1054. 367. 449.1 M91. 743.%

62503-2



RUN 62503 HEATER ROD STATISTICAL DATA

MAX TEMP ICES F1INITIAL TOMP ICES f) TURNAROUND TIRE ISEC)

ELEV
12
24
39
*8

60

e4y

70
71
72
73
74
75
7b
77
7b
19
80

61
44

se

102
111

123
132
136

MAX MIN PLAN
679.5 077.4 016.0
860.4 600.5 6ov0.

1212.06 1e39C 1141.0
1307.0 1339.b 135C.2
1540.9 14.7.a 1501.5
1587.q 1495.s 1*€.c
1517.5 4463.c 1503.o
1591.2 1431.7 1512.0
1530.5 1440.3 1470.1
1560.3 1447.8 1531.2
1573.0 4457.4 1117.1
157b.C 4363.8 1 ,94.3
1501.4 1406.1 15C7.0
1600.0 .443.5 1533.0
1560.3 1475.t 133C.7
1599.e 1507. 1547.5
1590.1 1495.s 154N.1
1560.4 1491.0 1537.5
156*5.2 1457*4 1520.5
1525.1 1413.t 146406
1573.0 14€*1. 1522.0
1516.4 139r6. 1473.V
1390.2 1250.4 1330.4
1163.8 IC17.* 11i..0
1091.6 102'..1 IC520

913*2 010.0 056.7
691.1 075.3 043.3
667.# 62S.1 W55.4

MAX HIN AEAN
697.4 695.3 696.7
924.5 696.7 906.7

1281.7 12368.6 1254.0
148664 1443.5 1472.3
17668. 1531.5 1707.6
1835.4 1715.5 1784.3
1602.5 1716.6 1769.2
1636.5 1781.3 1?99.9
1850.1 1746.7 1795.7
1896.5 1784.6 1143.6
1903.3 1781.3 1126.5
1692.0 1723.3 1846.2
1696.5 1771.3 1643.2
1945., 1783.5 1679.6
1961.4 1792.5 1677.6
1967.7 1734.4 1684.7
1972.3 1762*3 1697.6
1984*. 1753.4 1919.0
1961*9 1645.5 1915.6
1648.7 1732.2 1793.0
1942.4 1757.9 1855.2
2015.1 1612.7 1,19.6
2029.1 1794.7 1929.2
1658.C 1662.5 1780.0
1816.4 1553.2 171685
1732.2 1283.0 1574.8
1434.9 915.3 1294.)
1334.2 91?.3 1191.3

MAX
5.0
6.0-

17.0
39.0
78.0
96.5
98.5
102.5
99.*0

128.00
102.5
121.0
138.0
122.5
191 *0
169.0
160.0
199.0
193.0
208.1
229.1
231.1
251.1

347.1
433.1
415.1
445.1

AlIM
5.0

0o.0

12.03200

79.0
16.00
T400

92.5
90.5
04.5
97.00
741.0
78.00
9b.5
100.5
1C00.5
99.5
102.5
181.5
224 * 1
14.00
192.)
328.1
183.5

IEAN
5.C
#.C

15.4
35.4

14.0

93.7
90.8
91.7

104.3

120.1
2111. %

128.4
140C.
152.0b
176.e
197.0
21S.3
251.8
303.1
323.7
370.5
355.8

RUN 62503 HEATER ROD STATISTICAL DATA

QUENCH TEMP otES F)TEMP RIS10 i16 FI QUENCH TIRkL ISC)

ELEV
12
24
3f
46
67
bc

7c
71
72
73
74

75

78?77
10

at

€1

a00

012

04
08

90
98Z

MAX
17.6
38.2
70.0138.1

242.3
282.2
319.5
364.1
361.1
378.3)

352.1
424.9
391.t
414.5
440.1
419.t
407.1
457.7
0 9.7
338.)
345.5
525.0
60?.2
726.6
742 .1

W5.5
70$ .1

KNi
17.A
38.2
67.7

2213.
245.3
203.14
268.1
273.1
295.0t

289.8
306.0
161.,

202.3
24G.4
M9.1

3*2.41

i4,br.

435.7
234.7
231.5

110.6

31t•r$

721.
12a.1i

122.1
23,.0
285.1
267.4
31t.8
312.5
309.3
3514.
335.4
34t.0

3*8.9
30,4 &.I342.,
346.0

344.,.
3,5.3

3LG*€
333.2

490.7

7h .1
011.0
515.9

RAX
5?6.4
64680
800.1
633.9
1003.6
954.6
919.0
966.3

943.5
934.c
920.1
911.6
952.4
956.0.
982.5

1009.5
905.7
902.6
853.4,
903.8
92b. 7

603.2
1005.3
93%.0
1044.7

Kim
566.6
828.2
770.6
750.6
639.4
752.1
625.4
760.0
786*8
633.6
844.1
721.2

691.7
786.1
614.0
613.9
?17.3
108.2
£09.3
747.9
755.5
723.5
819.7
665.e
529.0
542.6
579.5

REAM
570.6
631.4

78205
769.5
935o5
803.1
856.3
966.7
643.7
861.4
075. 3

680.1
034.8
664.2
679.4
105.2
6l2.5

751.3
620.7
631.1
803.7
672.4
720.1
65.0
614.5
604.5

MAX
23.0
46.0
91.1
137.7
213.6
276.8
303.6
313.6
325.6
343.8
354.7
366.5
376.8
390.6
417.5
431.6
423.7
441.4
449.7
481.1
508.9
585.9
824.61
657.1
702.7
73m.?
751.0
732.7

RkN
21.9
43.5
88.4

125.9

255.6
270.5
239.9
307.9
A23.6
323.8
345.9
347.8
380.8
370.6
318.5
307.9
*11.0
1431.5

455.0
524.6
508.%
6368.
671.0

517.7

421.6

MEAk
22.t
44.

60.3
13G.0
201.0

314.3

331.c
339.c
355.t
365.4
376.0

40t.64*10.4
41°4.
420.1
43V.1

541.$

604.t

721.2
720.-

62503-3



1500.0

1000.0'I

16&

me

a

750.00

250.O00

1 00.00

C
€.

iLlCWY SEASE? IUVOLES

TIME SECONDS

FLECCIT SEASET MUWLES

273M.0

1500.0

1000.0

500.00

212.00

30.000 a

Z5. 000

20.000

15.000

10.000

5.0000

0..

oI

1 170.08

X 125.00

100.0

-,75.000O

"50.000

2 15.000

0 * -

a-•.•

a
o TIE S ECONS

S. oo

Rod 9G, 1.70 m (67 in.)

62503-4



15C0.0

120.0

" 1000.0

9C 750.00

.500.00

100.00

FL[CCT SEASET BUNDLES
RUN 62503 61106

C¢/SYM 11/t 21/2

TIME f SECONDS I

3
FL[CHT SEAS[T iUNDLES
RUN M03O 61106
CH/Sym ?9/1 ,?S/Z

I

,1

- - 0

2732.0

•OC0.O

1500.0

1000.0
ILS.d

1500.00~

Sud

1000.0 aal.

500.00

52.00

0.000 -

S.0 S..I

a:

0.0000 ,

,.-

I--
5.00

_ 170.08

X U.0

- 100.00

05.000

-0.00

Z15. 000

S10.00

ill

= s.oo

"75.o0

CD

c;
TIME SECONDS

S S.

Rod 3H. 1.70 m (67 in.)

62503-5



1500.0

1250.O

- 1000.0

MOO
-7'50.00

~.1

SM°.00

FL CN SEASET IIIUDLES
1RUN £2503 slice
CN/STm 7311 IS12

273t.0

M500.0

2000.0

1500.0 a

491000.0 0.

a.

g
d

TIME E SECONDS

S S S S.

- 170.23

150.00

125.00

100.00

Ied'a75.00

I.

Id

50.000

Z5.000

4 0.0

30.000 a

25.000

10.000

15.0000 I

10.00

0
TIME 4 SECOND$

8 S S

Rod 6L. 1.83 m (12 in.)

62503-6



1500.0

S I00.00

1250.00

-170.2

'a

hi

750.00

125.00

hi

t2 .2

100.00

la

75.O000

as.000
2

0.

20.00

I-.

FLECNT SCASET UNDOLES
RUN 6,503 61106
¢HSym 103/t 103/2

C
8*

TIME 4 SECONDS I

S S S
41"

2732.0

r"O.O

2500.0

2000.0

20.000

15.00.0

1.000.0

0.

2

'I

0.0

C

TIME I SECODS

S.

Rod 6L. 1.88 m (74 in.)

62503-7



1500.0

125O0.0

-z5O.O

SMO

250.00

1000

t 70. i9

150.00

M.0

4[

: 500.00

I

$50.000

4.1

125.000

0.0
t9

SM

-• 75.0$

I FLECNT SEASET UNCLIES
RUN 5250) SA11M
CM/STm 97/I 97/2

2732.0

M500.0

4.1

4•
1000.0 =

Ioo~
SM

a
d

TIME SECONDS

S

30.000 C
46D
&Wca

15.000

20.00

a

TIME 4 SECONDS I

S S

Rod 8H, 1.98 m (78 in.)

62503-8



1500.0

1250.0

-1000.0

7Wo00

750.00
.. 00.00

4

FL[CNT SEASET IUNOLES
RUN 92S03 61106
CK/SYN 99/,1 111/2

9 0

TIME SECONDS I

FLrCHT SCASET BUNDLES
RUN 62503 41106
CH/SYN 119/1 191/2

200.0

1500.0 •

hi

too a

t E0
K1

27R3.0

- 170.28

W 150.00

150

100.00
U

w 75.000

am
he. SO.O000
dc

25.000I-.

9- -0.0

-24.998

30.000 c
'I
"0

25.000 .I-

a

20.000 :

15.0000 h

0..

10.400

h..
5.00

-4.•0U

8~
gCD

€;

TINE € SECONDS I

8~

Rod 13G. 1.98 m (78 in.)

62503-9



1500.0 2732.0

250.0

- 00.0

I,"

150.00

500.00

250.00

io

S125.000

41

0 100

up
-. 9

Z 5.0
-S.. g

2500.0

2000.0

1500.0

Z

1000.0 It
II

I.o'
4-

212.00

a S
a

TIME ( SECONDSI

FLECHT SEASET $UNCLES
RUN 62503 61106
CH/Sym 174/1 174/2

30.000

25.0000

20.000 .

S.
a

TINE 4 SECONDS

I m.•t

Rod 8H, 1.98 m (78 in.)

62503-10



IS00.0

1250.0

" 1000.0

750.00

4.q

4L 50.00

250. 00

100.00

FLCCHT SEASET #UNCLES

CN/SY" 325/1 325/2

2732.0

M00.0

20O00.0

MM

1500.0

1000.0 .
I.

SM

a-

212.00

C
B

TIE ( SECONDS I

S

- 170.2a
'a

: 150.00

Is

SO15.000
S00.00

a-. 9

a .o
SM
C,

30.000 c

U

4-0

up
CD

25.000 ~

i..

20.000

'I

a-_
10.000 C2,

5.0000

0.0 5-
SM

C
C

TIME ( SECONDS I

Rod 11E, 2.29 m (90 in.)

62503-11



1500.0

Im0.0

-100.0

I t500.O0

I..

750.00

0.00t 0,00

C

FLICHT SEAIT BUNDLES
RUN 92303 S110S

CmSN315it 31912

TIME I SECONDS

FLECNT SEASET BUNDLES
RUN 12503 s110o
CN/SYN 319/1 319/2

A A L 4 3 - -P

2732.0

250M.0

2000.0

500.00
4O

?12.00

300.00 c

6.0

500.000

212.000

30.000

25.0000~

0.000

S.e

S150.00

% 125.004

"0 100.00
9-

- 50.000

S5.000L50.00

-2.958 -t %Ofi

9
a

TIME 4 SECOMOSI

Rod 9G, 2.29 m (90 in.)

62503-12

0o



IZW.Oo

1000.0
1750.00

- 100.0

7500.00

M-O

1732.0

TIEI SECONDS I

1500.0
hab

9--

o

WO.0 0

2Z•.O0 I S.O

K

0.000

12.000

30.000 a

25.00 W

0.

-4.404-

- 170.Z$

LIi

ha150.00

50.000

K 25.000

0.0

a-J
a,.

• 4 .9

- - - - - - - - - - - - - - - - - -
FLICHT SEASET BUNDLES
RUN 42503 41146

12CH/Sym 
417/1 

4 1 7ý 1

& AA

A4

40

TIME ISECONDS I

8
§

8.

Rod 8K, 3.05 m (120 in.)

62503-13



I50D.O

1250.0

1000.0

750.0

I0..

'00.00

1 500.00

1I

-7.?.e

1250.00

100.00

-. 1000

1?5.000

S10.00

-ittc.,'& •,s- -uolt " - - -... ... -- - -
FLECHI SEASET BUNDLES
RUN 6150l solos

CHISY 413/ 415I
I.0

15001.01~

46
100.

21f.001

19
8

TIME SECOND! I

S S S

30.000 a
f'a

?5.000

20.000

1S.0 -

10.0

ct

TIME I SECONDS

S 8. 8

Rod 8H, 3.05 m (120 in.)

62503-14



1500.0

IflO.0

1000.0

hi"O.O

750.O00

I
C

FLECHT SEASEI BUNDLES

RU StS 6110

T11NE I SECONDS I

-- •ym 42l/t1 .2, ,

6vI

273.0

M50.0

1000.0

4L

S010.0

1-

10.00.0 a
%2

0,-

500.000

111.000

10.000 h

hi

S.0000

10.000 S

--- 4-

- 170.21

05.00

A15.00

100.00

S75.000

1i50.000

S0.0
hi

o
C

S

TIME SECONDS

8 8* 8~ S.

Rod 9M. 3.05 m (120 in.)

62503-15



t200.0

1000.0

800.00

~.600.00

400.00

:oo.oo

2100.0

1000.0

o00.00

400.00
.j600.00

N00.00

100. 00

FLECN? SEASIC OtOCKED SIDL( AKIAL VAPOA T "(PCIANNRI

CD Q

TIME SICOKOS

I LICHT SIAEIl MIRCED PulON( ?KINSLf vAtt t(UPINATijKI.
I*ts,~ 615o3

c ~IIY "S' 616'? Mi bi 41111 WI sit

If a y

,r -,.

)

?19?. 0

ZO00.0

1750.0

1500.0

1250.0

1000.0 :

750.00

500.00

flP:88

2192.0

?000.0

1750.0

1500.0

1250.00

1000.0

75.0

500.00

0

C! S
C -

S.

lINE I %tL4IWI)~ I

CC
C
C

op.B

62503-16



600.00

*00 .00

; I00.00

J 00.00

OUUT UA "Kato Im"LS NOWSISS VALL UUPIIAUS
0"s~ 6oI 11,5ei ee. is'

1111.0

100.0

MOO00

0.0 - . - . - - - a fl . a - - a - I - 3,,000

8 ~I 8cs8 I* 8 88

300.00

650.00

200.00

150.00
g

100.00

50.000

0.0

512.00

500.00

400.00

300.00

?00.00

100.00

3. 000

8j 9888

62503-17



3e.sa5 5.O0000

30.000

?5.000

20.000

15.000

t10.000

5.0000

0.0

-4.5907

o.mo0.

0.5m0

0.4000
:o.sooo

Z- 0. 3mo

omW

0.100

0.0

I

TIME ICCONDSI

6.ooon

3.OC00

1.0000 .

1.0000

0.0

-0.7250

1.3R30
1.250

1.0000

0.79.00

Dq.J

0.

IFLE CMT SCASET RLOCKED MUOLE FLOV MATE

£N15ol SI03 SI503 MCI0
CAIT 2 1 0511s 30213 30614

IV'-I V V V
-0.0338 I__ _ -1 - -L - -. - -- - -u eeu

10

9
ao
40

C!

TIME I SECONOS

S C o3

62503-18



206.S3

e5000

200.00

41500

K'•J

50.000

0.0

0-3.S000

. 3.0000

Zo oo

LOW

*'• 3.5000
t*9

- 1.0000

Z0.5000

0.0

If, TIME (SECC0ND

WSIA.?
600.00

500.00

400.00

300.00

"00.00

1O0.00

0.0

13.9'41

12.500 ,.

'*9

10.000

7.5000 o
I.-

5.0000 •
'=9

2.5000

0.0

rLECHT SEASET BLOCKED SUNDU TEST SERIES
EZ503 HEATER RODS
QUENCH TIMES IALL T/C)

OEM
NL-

8
C -

QUCENCH T104E (SEC)

8
§

Cp..
EU
0
9..

62503-19



3.6259 - - - - ... .... .... ... O.5•ro
FLICHT SIASET iLOCxKO VUSOL[ T[ST -1-503

1.5000 L[ LIrT) 0-1 1-1 2-) 3-4 4-5 5-6 0.5000

3.0000

.0.4000
IL 2.5000 a

: a

1.0000 .0.5000

TIME (S0C.NISw

1-2 23 -5 -5 5-S

1..0500

UVLI3 0- 3 - - - -

" " "0 oooo

-. 0 0.7500
4 4a
3 £

0.0 . . . . .. . -I J .

TIME (SECONDS)

62503-20



3.0000

e.w

1.0000

0.5000

0.0

RER S ASE BLOKE UNL TST 610

'pa
TIME (SECONOSI

0.5360O.SNO0
0.5000

0.1000

O.fO0O

0. to00

0.0

I.2500

1.0000

0.7500

0.5000

0.2500

0.0

1.2500

t.000O

o 0.1500

0.oS0O

0.0

S. S. 9 a.

TIME (SECONDS)

S 2

62503-21





FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62605

9/29/82

Forced reflood

Data repeatability (second)

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Flooding rate

Coolant temperature

Initial bundle water level

0.272 MPa (39.5 psia)

872.76C (1602.0°F),

7G-1.70 m (67 in.)

2.29 kw/m (0.698 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.29 kw/m (0.699 kw/ft)

38.6 mm/sec (1.52 in./sec)

52.20C (126-F)

+5.6 mm (+0.22 in.)

COMMENTS:

Carryover tank filled up at approximately 375 seconds.

Inlet mass flow:( 1 ) -0.4% constant

Power decay:( 1 ) peripheral rods, -0.5% linearly increasing to -1% by 400

seconds

bypass rods, ,0.5% linearly changing to -0.5% by 400

seconds

blockage rods, 0% constant

1. Relative to run 61005

62605-1



RODIELIE'

FLECHT SEASET 163 RO BUNDLE TEST SERIES
RUN NUNBER6260S

TIhITIAL DAKM:Up TENPERATURE TURNAROUND GLENCH
CHAN. NO Al FLUUL IEMPERATURE aISE TIME TEAPREATURE

I£|6 F) 10IG F) OE6 F? (SECONDS) (016 Fj

96
10$4

96
34

&K
SIC

120
SE
76

1-

3-

4-

5-

0

3
C
C

C
C
C
C
c

96 5- .0
SE 5- 7
66 5- 7

76 5-10

7F 5-11
46 5-11
21 6- C
50 6- 0
61 6- C

7?
116

84
59
91

6-
6-
6-6-
6-

C
C
2
2
2

3
3
4
4
S

ad1 6-
46 6-

IIN 6-
9D 6-
94 b-

3e
9

11
12

13
14
17
20
21

24
33
4,
52
59

62
64
67
70
74

66
s0
97
99

103

111
124
134
143
165

166
192
193
173
261

305
312
325
337
345

346
366
366
383
367

369
394
406
415
417

4a18
429
4 31
432

436
437
'3S

670.
647.

1220.
1337.
1373.

1365.
1347.
1342.
131v.
1377.

1354.
1547.
1562.
1311.
1532.

1476.
1561.

1566.
15C•.

1554.

1152.
1546.
1416.
1560.
1369.

1450.
1372.
ASCI.

1550.
1542.

1516.
1532.
1561.
1560.
1310.

1496.
1546.
1476.
1321.
1366.

1384.
1171.
1141.
1113.
IC75.

MCO.
1C61.
813.
666.
872.

677.
667.
476.
669.

643.
58.
666.

689.
929.
1269.
1461.
1432.

1500.
1450.
1432.
1699.
174?6.

1716.
1730.
1739.
1671.
1722.

1656.
1730.
1795.
1707.
1731.

1766.
1757.
1602.
1766.
1726.

1622.
1779.
1721.
1825.
1713.

1803.
1785.
1840.
1607.
1651.

1709.
-1756.
1723.
1626.
1661.

165 4.
1388.
1360.
1452.
1346.

1317.
1299.
1172.
1210.
11293.

1246.
660.
833.
862.

824.
663.
833.

1.
32.
61.

103.
109.

103.
90.

180.
169.

163.
183.
177.
160.
191.

I17.
189.
226.
202o
17T.

214.
209.
166.
206.
336.

172.
207.
220.
275.
171.

2130
202.
279.
247.
142.

213.
208.
246.
306.
293.

270.
21?.
238.
339.
271.

267.
239.
359.
344.
323.

369.
174.
154.
173.

179.
304.
167.

4.3
7.0
14.0
22.0
23.5

26.5
21.0
22.5
47.5
36.3

34.g
55.5

23.53boS

37.0
470*
31.5
55.,

4 6.3

55.0

67.0
62.0
64.5
57.3

57*05

37.5

76.5
31.5

57.3

73.5

70.*0
36.0

6200
640076.5

104.0
82.0

53.5
58.5

176.0
172.0
37200

81.0
159.0
130.5
166.0

114.5
165.5
54.*5
53*9

109.0
146.0

81.5

563.
654.
771.
764.
746.

736.
764.
769.
667.

350.

665.
619.
831.
710.
793.

G T6.
616.

906.

640.
646.
834.
611.

1376.

894.
846.
761.
813.
6ga2

862.
950.
661.
815.
767.

857.
927.
622.
796.
790.

794.
688.

662.
682.
626.

634.
924.
607.
607.
617.

662.
536.
69".
306.

51C.
360.
514.

QUENC14
TIME
ISECONDS)

16.C
42.2
02.c

115.3
119.4

120.C
114.;
113.t
166.9
168.4

170.4
197.t
199.4
201.2
220.1

176.6

221.3
221.2
220.i
225.2

219.1
222.2
198.2
233.1
161.1

203.C
240.2
2190C
236.9t
227.3

Z44.C
232.%
2416.7
249.C
232.1

30b.1
291.1
311.1
336.2
335.2

330.7
363.t
361.3
361.7
360.1

37g9.
257.e
402.2
394.1
402.9

399.2
383.2
67.7

240.5

397.i
35!),3
396.*C

9N 6- 5
64 6- 6
9D 6- 6

11F 6- 6
46s 7- 0

7D 7-
76 ?-
1LE 7-
SL a-
7t 61-

C

6

0

7K 8- C
34 6- 6
76 6- 6
7E 9- 3

v90 9- 3

9C 9- 3
LiF 9- 3
7610- 0

K410- C

6dN 10--
60411-
9611-
11L11-

C
C
0
0

5J11- 6
7?11- 6
B11- 6

62605-2



RUN 62605 HEATER ROD STATISTICAL DATA

MAX TEMP (DEC FiINITIAL TIMP (016 F) TURNAROUND TIRE 4SEC)

ELEV
12
24
39
40
60
67
69
70
71
72
73
74
75
76
77
7.
79
80
61
04
86
90
96
102
111
120
132
138

MAX six sM:Aw
674.3 671.1 673.2
896.7 660.5 673.3

1226.5 1163.6 120101
1369.1 1341.6 1368.3
1577.1 1413e5 1524.9
1602.0 1499.0 1559.5
1550.0 1511.0 1529.2
1565.7 1491.6 1530.7
1560.8 147?.? 1501.9
1597.? 1482.0 155C*3
1576.0 1485*2 1532.1
1573.8 1415.7 152505
1581.4 1449.9 1526.9
1593.3 1492.6 1553.8
1587?. 1350.5 1550.3
1190.1 1513.1 1564o6
159807 1484.1 156206
158507 1493.8 155103
1574.9 1499.0 1543*2
1564.1 1471.3 1516.7
1593.3 1454.2 1536.0
1547.8 143711 1496.7
1420.0 1293.2 1364.3
1220.1 1141.1 1197.5
1113.3 1046.2 1076.6
91503 612.9 866.7
70206 676.5 66.04
66509 $55.2 62305

MAX HIN MEAN
68900 68506 687.9
928.7 89105 90603

128900 1253.5 126209
1500.1 1431.7 1474.6
174609 1531.5 168806
1775.7 1691.0 1734.8
1730.0 1671.3 1711.6
1776.8 1716.9 1738.7
1750.1 165509 17,02.0
1808.2 1706.5 1759.2
1790.2 1692.2 174207
179609 1602.0 1746.5
1794.7 1621.8 1742.9
1829.7 1721*0 1782.3
1833.1 165105 1767.3
1845.5 1696.5 1785.4
163801 1732.2 1768.7
185001 173505 1002.5
1834.2 1714.3 1781.7
1687.6 1598.7 1654.2
17512Z 1641.6 1696.6
1782.4 1643.8 1720.5
1744.5 161704 1670.6
1494.6 1379.6 1431.3
1452.0 1272o3 1350.9
1274.4 1072.0 1205.0
911.1 822.2 659.7
662*5 719.3 803.2

pAX
4.5
7.0

16.5
26.5
470,
5505
61.5
64.0
63.0
67o0
63.5
74.5
7805
76.5

83.5
90.0
61.5

92.5
36.5
64.5
61.0

106.0
167.0
176.0
174.0
165.5
148.0

PkI
4.0
6.5

12.5
21.0
34.5
35.0
23.5
36.5
37.0
37.5
39.5
49.0
47.0
49o0
34.5
35.5
35.5
36,5
49*5
22.5
22.5
46.0
67*0
53.5
10.5
7500
4705
29.0

PEAK
4.3
6.7

14.1
23.1
37.5
41.7
44.5
4S.2
51.5
51.6

53.7

62.0C
60.9
630*€
63.t
64.c
68.3
65.1
33.t
42.1
62o2

.103

133.2
127.3

s1.5
62Zoo

RUN 62605 HEATER ROD STATISTICAL DATA

QUENCH TERP IDEC F)TEMP 'RISE I010 F) QUENCH TIRE ISEC)

ELE6
12
24
39
46
t0
67
69
7O
71
72
73
74
75
76
77
78
79
60
81
14
66
90
96

102
a11
120
132
138

MAX
14.7

.32*0
669*6
115.3
180.2
214.2
203.8
258.5
226.0
249.1
233.3
266.2
258.3
Z75.02
26805
279.1

286.3
31401
304*6
159.3
220.5
263.9
348.6
264.0
353.5
381.8
214.6
304*4

KIN
14.7
300c
55.3
90.1

116.I
15806
160.3
163.1
176.2
17606
170.4
160.5
166.o
193.3
1450.
140.3
153.0
162.8
16a.1
115*3
112 1
17603
269.6
206.8
204.4
230.1
139.5
114,3

NEA1.
14.7
3100
61.6
10•6.

163.7
17503
162.4
206.0
M0e.1

206.8
Z, 06
221.0
21.0
22604
217.0
220.8
226.0
251.2
24505
131.4
16006
2217
306.3
243.7
2M0.3
336.3
171.4
179.7

PAX
566.0
65308
77007
774*5
86607

$5406
910.2
676.1
90602
905.0
669.4

1212.6
943.5

1017.6
114604
1176.6
1187.9
1095.2
1010.5
10260.
1025.0
902.6
754.6

1002.2
923.3
69903
663.6

Kim
580.2
636.0
753.6
736.2
64802
691.5
709.7
19209
735.5
789.4
784.4
7T3.1
69909
760.6
630.0
729.3
726.3
830.,
63202
737.1
76707
76409
72601
633.4
626.3
504.4
385.5
501.8

REAN

64609
764.5
759.9
659.6
814.6
61706
049.3

646.6
844.6
629.5
673.6
652.4
917.5
907.6
941.0
93905
956.2
7968.3
642.9
670.7
62602
69704
710T4
636.7
525.1
S54.0

MAN
19.3
4202
83.6

120.0
173.4
205.1
212.2
220.1
221.3
225.2
230.0
235•2
240.2
245.2
29501
254.2
252.4
26404
265.1
264.2
289.8
319.0
344.1
363.6
364.3
402.9
409.2
397.2

RIk
18.0
40.*3
1001

113.6
16408
193.8
194.7
207.?
176.6
219.1
Z20.1
19509
198.1
20409
212.0
18103
206.0
Z02.0
2300
226.0
255.1
291.1
316.7
34600
214.9
127.6

87.7
35.0

PEAK
16.0

61.7
116.4
11683
199.4
2503.3
212.2
207.7
222.3
225.1
224.8
224.C
234.1
226.C
234.4
235.5
245.8
240.C
272.2
277.4
3C1.7
331.3
357.1
359.3
361.2
361.5
313.9

62605-3



I200.0

1000.0

800.00

Z 600.00

4

• 00o00

FLECHT SEASET BItNDLES
RUN 11605 61005
(M/Sym 1$/1 Is/?-

Z000.0

1750.0

1500.0

I2S0.0

1000.0

750.00

00 . 00

RPM:8

0.~
C

U

4
U

a
I

?00.00

100.00

C
C

TIME I SECONDS 2

S S

- 170.70

150.00

IZ5.00

100.00
S.

Z 75.000

a-K

0.0

4 9

.-U .g

30.000 c

C

•5.000 ""

0

•0.000 -.=
a-,

25.0000 =

o.o

4. lOS

40

TIME I SECONDS I

S. S. S.

Rod 3H, 1.52 m (60 in.)

62605-4



1?00.0

I000.0

800.00

600.00

4 00.00

?00.00

100.00

€
€

FLECUT SEASET BUNDLES
RUN U605 61005
CH;SYm 29/1l .

TIME SECONDS

IrLEICOT S(ASET BUNDLES
RU% 62605 41005
CH/Sym ?$/I We+?. "

?192.0

1'000.0
MtO.O0

1750.0

1500.0

1U50.0

1000.0

750.00

500.00

AFl:88

-a
C

-a

4-

-a
A.
K
a..
4-

- 170.18

,•ISO.OO

1Z5.0o

100.00
S.

S75.000

9-

50.000

as.000

c 0.0

30.000 a

?5.000 "

20.000

a..=

15.000 '
4.

0o.000
m.

S5.0000

0.0

C

TIME 4 SECONDS

8 8~

Rod 3H, 1.70 m (67 in.)

62605-5



1200.O

1000.0

800.00
1.0

0-

500.00

I00.00

FLECHT SEASET $UNCLES
RUN 52505 $5005

ItN SSS SIO S

C T/Sym 4s/ c as/2

TIME ( SECONDS I

rL(CH? S(AS(T BUNDLES$

CW/SYM 46/1 461?)e'

21W2.0

?000.0

1750.0

1500.0

1000.0

750.00 a.

500.00

- 170.28

, 150.00

S

I

2100.00

p.- 000

" 0.000

? 75.000
ag

' 0.0

-p.. g

30.000

.)

Z5.000 '•'

20.000 z

p,.-

10.000

5.0000 "
40

4,=
o-o

-•.•OI

C
0

TIME SECONDS j

S. 0ý
9

Rod 9G, 1.70 1m (67 in.)

62605-6



1200.0

1000.0

600.00

600.00

I 0.• *00.00

,00.00

100.00

C
C

FLECH. SEASET BUNDLES
RUN 62605 61005

TIME I SECONDS

FLECCT SEASET BUNDLES
RUN 62605 61005
CH/SYM 149/1 49/Z

2192.0

ZO0O.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

f?:8B

a-.
C

rn-a
a
9-
4
a
a-.
a.
K
a-i
0-

_ 170.28

150.00

75.000

50.O000

2 15.00

S10.0

I-2.9

30.000 a.

C

25.000 *'

a-?0 .000-.

a-

15.000 -

10.000

0.0

-4.40 1

9
C5

TIME SECONDS

8 8

Rod 11K, 1.70 m (67 in.)

a

62605-7



1000.0

:000.0

800.00

ar

*~600.00

200. 00

100.00

M1S2.0

2000 .0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fl:8B8

C

z

at

AL

C
o

TIME 4 SECONDS

150.00
*IO

dqd.

2 100.00
a

75.000

I-

S 50.000

Z 5. 000

40
S

FLECHY SEASET EUNDLES
RUN 62605 61005
CN/SYM IS?/I 1821?

f
f

30.000 Z

C

25.000 '
S

20.000

15.000

10.000

0.0

0•. 0•

S I - * -

I
9
C

TIME ( SECONDS

S.

Rod 3H, 1.98 m (78 In.)

62605-8



1200.0

1000.0

00.00

600.00

400.00

?00.00

100.00

cC

FLECHT SEASET SUNDLES
RUN 62605 61005
CH/SYM 190/1 190/2

TIME SECONDS I

FLECNT SEASET SUNDLES
RUN 6Z605 61005
CH/SYM1 I0/I 190/?

PA

2192.0

?000. 0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fl:88

C

a

4
a
a.
3:

170.2a

S150.00

lSO.0

- 75.000

- 100.00

Z5.000
'* 0.00

-?4.998

30.000

ZO.O00 O

10.000..

,-a

25.000 0

a0

O.O

-. 1
- .- . - - a- . -, * .. i

C,

TIME (SECONDS I

S S

Rod 7H, 1.98 m (78 in.)

62605-9



t200.0

tO00.00

000.00

600.00t
4C

£00.00

2 00.00

100.00

FLECCT SCASET BUNDLES
RUN 62605 61005
CK/STm 29811 291/2

19
TIME ISECONDS

.170.28

S150.00

125.00

100.00

75.000

d 50.000

? 5. 000

0.0

r

2192.0

2000.0

1750.0

1500.0

250.0

1000.0

I-.

750.00

500.00

.fl0 88

30.000 c

?•0.000..

15.000 a

10.000

5.0000

a-

10.00

C!
C

TIME SECONDSI

S.

Rod 3H. 2.29 m (90 in.)

62605-10



IN00.0

1000.0

800.00

600.00

•400.00

200.00

100.00

170.28

150.00

K 1?5.00

100.00

-75.000

50.000
IC

i 25.000

S0.0

-_Z.998

€

€

TIME ISECOMO

2.192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

fA0.O

a..
cc

4-1

30.000 a:

15.O0O

10.O000

4C

5.0000 ',
0

a-

20.00 .•

0 g
TIME SECONDS)

8

Rod 6G, 2.29 m (90 in.)

62605-11



100.0 - - -- --- L-CH AS T BUNDLES ---- ---- 12.0

RUN $2605 1005oCH/SyN 3251I SIS/2 2000.0

1000.0
1750.0

S800.00 __ 1 1500.0

1250.0

6500.00
1000.0 ,

m x

500.00

200.00 ___

100.00 ..

TIME SECONDS

_ 70.Ze ---- ----- 30.000 a
703FLECPbT SEASET BUNDLES3

A. UXI 62605 6 1005
150.00O03

CHISYS

Z 125.00

- O. 20.000

100.00 9

.05.000
" 75.000

TI[ C10.000
W.d 1,000 _( n

VS ___ ________ .0000
-25.000 3.

S0.0 0.0

TIM I ~ SECOND

Rod 11E, 2.29 m (90 in.)

62605-12



1200.0 2112?.0

1000.0

800.O00

600.00

•400.00

200.00

100.00

9
0

TIME ( SECONDS

i000.0

750.0

1500.0
IS-

1250.0 ,

1000.0
,if

!50.00 I

500.00

0.O00 "

5S.000

.0.000 z

5.000 ,

if

0.000

,--

.000o
.0.

-170.2as

S150.00

10 .0

7510

K 12.000

41

?510.000

0.0

?4 9

FLECH? SEASEI MuULES
RUN 62605 63005

0

____ __ ___ __ _ ___ _ ~-4

C
0

TIME ISECONIDS I

Rod 6G. 2.82 m (111 in.)

62605-13



1200.0

1000.0

300.00

4' 00.00

100.00

100.00

€=
C

rLECWT SASE[T D•SO[LES
RUN £2605 1005

39$Y •1/t 194/2.

TIME SECON•S

rLECHT SCASET IUNDLES
RUN £2605 61005
CNISYM 318/1 391/2

21W2.0

2000.0

1750.0

1500.0

2250.0

1000.0

750.00

500.00

S.,
SM

SM
U

4
U
SM
&
I
SM

. I'0.es

150.00

Z 115.00
C

100.00

175.000

5 10.000
? 5. 000

- 50.00U .

5-•.

30.000

25.000 S

20.000 z

15.000 S,

5-,

o0.000

5.0000 ,

0.0

ctC

TIME I SECONDS J

3

Cc€

C
c,

Rod 121. 2.82 m (111 In.)

62605-14



IZO0.0

1000.0

600.00

, 600.00

4 *00.GO

?00.00

I00.00

FLECHT SEASCT SUNDLES

CH/Sym *l0II *l0/2

TIME 'SECONDS

FLECCT S EASEI #Ut%0LC
Auk 42605 61005

EM/Sym 420/1 
420/2

eO00.O

1750.0

1500.0

1250.0 -

1000.0 =
ar

750.00 •

500.00

30.000 c

15.0000

0

a•

15.000 =.

10.00oo

5.0000 ""
4

0.0

-•.•04

- 170.18
VMS

S150.00

Z 15.000

4)

0.0

',. 75.000

" 50.O000

-1 5.0C*.

0

0

TIME SECONDS I

S Q

4-1

Rod 9K, 3.05 m (120 in.)

62605-15



IZO0.O

1000.0

800.00

600.00

0o. 00
100.00O

L 9ECHT SEASET BUNDLESNUN 6?605 61005
C14/Sym 434/1 3/

Co Q C C

TIME I SECONDS

FLECCT SCASET BUNSDLES
RUN 6?6C5 61005
CM/Sym 43/11 3/

2000.0

1750.0

1500.0 -

I ZSO.O0

1000.0
4

750.00 •

500.00

ilp:88

30.000 c

aO.OOa
?s.000

10.00015.000

0.0 ,

5.00 "

170.29

150.00

t 2a5.oo

, 100.00
a

" 75.000

50.000

P5.o0O

o 0.0

Cý
OD

0C

TIME ISECONDS

8~ C

C'

Rod 11I, 3.35 m (132 in.)

62605-16



1000.0

900.00

oo .o00

700.00

£00.00

500.00

400.00

| 300.00

?00.00

100.00

FLCNT sCAS OT |LOCAID OUNOL[ AXIAL VAPOR TENePE [AIVREl

Cge'$TN eel/I I il/s W•Iis| eSIR/ Ci

y/ A II

_o €C C

CRC
IINd I S[l0(5g )

# M III %,. Af I LOCAID IM L fI MS&I WALL fllit ,atu.

A,, 4014

48/1 491 69i 9,4 49

1832.0

1750.0

1500.0

1U50.0

1000.0

750.00 i

500.00

K

1000.0

900.00

800.00

700.00

600.00

500.00

00.00

$00.00

0oo. 00

100.00

1632.0
1750.0

1500.0

tO000*n

750.00

500.00 r

C
C

i ~dSuDl I

S.

62605-17



Wo.00

)00.00

100.00

0.0

300. or

?50.00

20c.0•

,. 1o.oo

j 100.00

0 5O.OO0

0. b

trAcu? MUA14 fSi~as evoS murU VAL& ftwiPIBtuI
Sue tl

'L(CPYSEAS £IT SLOK[O SUOL( LOOP FLUID AND vAPOI t(NPCRATUI(

'urNs 610~W $at ,3t I S8lsc/

s3m.00
00.00

300.00

70D.00

6M0.00

400.00

300.00

M00.00

!!

500.00

400.00

300.00

200.00

100.00

32.000

0

8

?Il ( S ECONDI

62605-18



- Y - - -

1LICT SlASIr RIOCK[O OUSDotu Its*$CSV N as1 Uli61
ILVID LUvILS

$53'3 181/*

$0.000

40.000

30.000

20.000

0.0

-4.1s87

* 4 I- -e &

4. 4 I

I a.

B.o S

I TiUC I ICCOSOS I

FLECUT SIASEST ILOCIKE MUOLE FLOiW 2yIt
tu* £21SO 61605 61605 6o1;s

CUI'SYN 20311 fasO2 So1l5 2061

|1

1.0001

1.0000

7.0000

6.0000

5.0000

4.0000

3.03000

2.0000

1.00000

0.0

-0.*

1.9400

t.5000

I.2150C

Ba
I,

a

a.,,,,

0. 7000

0.7000

S0.5000
O.WO

*• 0.6000

10.00

0.0

-0.0""1

1.000

0.200

Mm

_____________ - . -~I.ccI.pJ

C
C

TINE I SEC€ONS a

CC C

C

C
C
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317.20
300.00

MOO

150.00

100.00

50.000

0.0

S".3!

600.00

400.00

300.0

L a 0* 0ý

TIME (SECOMO)

9 C2.
cý

C

100.00

0.0

13.944

2..5000

P .0000

0. 5000

0 .000

FLECHT SEAS(T RLOCKED lSUNDLE TEST SERIES
$2605 HE ATER• RODS
OUENC" TIMES IALL T/Cl

0 

1 0

p0

0

0 i

li0

o;0

1? .500

10.000

7.5000

5.0000 '

2 .5000

0.0
40
CD
9

C2 I

0

2
C
0

C
C
C
V..

ouc NcN TIME (SEC)

U CD
0
0 0

41.

o.

a1.
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3.7171
3.5000

3.0000

C2

? .50000

I.oo

0.5392

0.5000

0.3000

0.0 .2

o. -

0.5000

0.0 0.0

Wa a
Wa

TIME (SECONDS)

.2.5oo

o 0.5?00

O.0m

0.0

FLECS4T SEASET BLOCKED BUNDLE TEST 6210O5
LE VELW'1 0-1 1-e e-3 3-4 4-5 5-6

1.0000

0.7500
i-i

a

a
0.5000 a

0.2500

0.0
E a a g 7

TIN(E 4S(CONS)

S~.
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3.7171
3.WW0

3. DOW

C2

1 .0000

0.0

FLECHT SEASET BLOCKED BUNDLE TEST 62605
LEVELIFT) 6-7 7-8 8-1 9-10 10-11 11-12

3

0.15341

0.3000

0.1000 4.

0.0

L
-p

cb
ca
Ic
40

TIME ESEC0NDS~

8

$ m1

a

O.o

a.75

0.5

0.0

CO
19 C!C2

c8
TinE

Co

ISECOMOD$

I C0 CC
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62819

10/7/82

Gravity reflood

Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

In3ection rate

Coolant temperature

Initial bundle water level

0.141 MPa (20.3 psia)

871.6"C (1600.90F).

8N-1.93 m (76 in.)

2.30 kw/m (0.701 kw/ft)

2.29 kw/m (0.699 kw/ft)

2.30 kw/m (0.701 kw/ft)

5.76 kg/sec (12.7 lb/sec) for

14 sec

0.780 kg/sec (1.72 lb/sec)

onward

73.2-C (91-F)

+0.51 mm (+0.02 in.)

COMMENTS:

Downcomer filled up by approximately 20 seconds and remained filled up to

220 seconds. Carryover tank filled up by 250 seconds and upper plenum

filled up at 290 seconds.

There was no

however, rod

conducted at

corresponding test conducted in the 161-rod unblocked bundle;

temperatures were compared to those of run 63018, which was

the same conditions but at 0.274 MPa (40 psia) pressure.

3542X-.1/081583 21-62819-1



FLECHT SEASET 103 RO) BUNDLE TEST SERIES
RiUM 14J148152819

RODIELEV TINITIAL NAXIMUM TENPERATURE TUR&tiROJNO OUENCH QUENCH
CHANe NO AT FLOOD TEMPERATURE RISE TIME TENPRUATORA TINE

1016 F1 IDE1 F) 4IDE F) (SECONOSI 4916 F) ISECOMOSI

96 1- 0 3 652. 657. 0 So 13 6440 3.5
ION 12 0 6 87079 Se1. 11. 4*0 772. 14.4

96 3- 3 9 11980 laz2. 24. 4.3 799. 7504
2J 4- 3 11 1242. 1371. 310 405 663s 124.4
7) *- 0 12 1334e 13680 340 4.5 664. 127.9

OR 4- 0 13 13520 13ab. 350 403 M72e 12704
IN 4- 0 14 1341. 13170. 30 4.5 610. 124.3

12 4*- 0 17 12329 1359. 30. 4.3 69G. 12Z.4
51 3- 0 20 14790 1533. 740 42.0 763. 188.6

76 S- 9 21 13430 1313. 70. 4.03 749. 16664

9S 3- 0 24 13170 15390. 7?3 41.5 756. 187.9
SE 5- 7 33 13170 1571. 530 42.0 739. 209.3
86 3- 7 43 15353 1397. 6Z2 42.0 7123 Z25.1
9N S- 9 32 1473. 1523. 49. 9.3 913 U2231
73 3-19 59 1030. 1351. 31. 9013 732. ZZ.9

7F 5-11 62 14430 1491. 470 963 1034. 113.3
46 3-11 34 13240 1586. °2. 42.0 737. 232.1
21 6- 0 S7 15740 16500 770 4208 732. 235.o
so 6- 3 70 1484. 15330 49. 9.5 699. 234.0
6J 6- 0 74 15170 15760 59. 42.5 724. 236.2

7N 6- 0 66 1533. 1397. 6z. 42.0 739. 233.0
11 6- 0 s0 15100 1566. 7 42.9 739e Z34.9

34 6- 2 9? 13633 14099 47. 9.5 7M3e 19.4
3H b- 2 99 1320.o 1392. 73@ 42.1k 71?0 240.7
it 3- 2 103 1330.e 1516. 13. 37.0 233. 444.2

am46- 3 111 14030 1448. 4*. 9.3 837. 133.4
46 6- 3 124 1539. 1319. 71. 42.0 7)z. 247.1

11 6- 4 134 14363 15250 b0. 41.3 7410 12358
90 6- 4 143 1532. 1644. 112. 42.3 720. 24532
9v 6- 3 133 1338. 15583 30. 9.3 1147. 140.3

9o 3- 5 163 17SM 1339. 860 57.0 7650 25031
1J 6- 3 192 13536 1323. 7M 43.5 944. 207.9
90 b- 6 193 13430 1679. 136. $7.3 7583 251.b

11F 6- 6 173 1337. 1323. 883 37.0 717. 232.2
46 7- 0 261 1481. 1317. 371 4.5 735. Z3..

7T 7- 3 309 14690 1336. 67. 42.0 314. 276.1

71 7- 3 312 1314. 1533e 490 963 372. Zb33z
111 7- 6 325 1462. 1377. 1153 7705 743. 304.2
SL 1- 0 337 1290. 1470. Igo* 112.3 7250 323.2
?7 8- a 343 1330. 1492. 1632 33.3 313. 301.2

7K A- 3 343 1343. 13063 133. 118.0 726. 319.4

Sj A- 6 366 11260 1162. 360 4.3 674. 353.1
73 s- 6 368 1137. 1137. 30e 4.3 6,45 366°.
71 9- 3 383 188. 1204. 113. 13100 36*. 3740.
e1 9- 2 387 1030. 1139. 109. 1390.3 43. 372.2

OC 9- 3 389 1037? 1093. 460 73.5 312. 379.9
lIF 9- 3 294 19333. 16999 63 13105 696. 337.1
7M1o- 408 837. 931. 1150 5390 350. 413.2

81410- 0 413 8412 1044 232. 142.§ 396. 4"0.2
&K1ID 0 417 851. 9830 132. 112.3 5434. 4094.

3H10- 0 413 864. 1633. 19G. 133.5 312. 406.$

K111- 9 429 370. 72.e 530 131.0 439. 340.2
9611- 0 431 6629 777. 113. 17.3 45%o 329.3

11111- 0 432 6663 709. 43e 3M.s 2zz. 290.2

3J11- 6 336 6463 ttl. 17. 403 423. ZZ3.0
7?11- 6 437 311. 678. 677 83.0 247. 26502

Jill- 6 433 6537 714. 57. 112.5 247. 333.2
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RUN 62119. HEATER ROD STATISTICAL DATA

ELEV
12
24
39
46
60
67
69
To
71
72
73
74
75
76
77To

79
60

04
86
90
96

102III111
120
132
see

INZTIAL TEMP IDES F)

KAX KIN REAN
655.4 651.2 652.9
869*6 843*9 153.6

119812 1142.3 1165*9
1161.7 L129.0 11413.
1543.5 1369.1 1492.2
1599*. 1469.4 1531.0
1512.0 1473.4 1495.0
15s.6 140505 1505.2
1524*0 1431.? 1477.3
1576.1 1453.1 1528*1
15?2.7 1460.6 1515.3
1376,P 1362.? 1491.0
15?6.0 1402.9 1503.7
1600.9 1440.3 1IZI5.
1572.7 1467.0 1523.9
1596.6 1496.9 153802
137701 1465.2 1536.7
155686 1463.0 1926.4
1551.1 1457.4 151203
1537.0 1412.1 148409
1572.7 1463.6 1516.6
1516.4 1399.7 1471.2
1383.6 1250.4 133104
1176.s 1042.1 1146*1
1088.5 1015*3 1048.4
902.9 6.se6 U5cl~
670.1 656.4 663.5
657.5 611.2 633e7

MAX TERP IDE6 F) TURNAROUND TIRE (SEC)

MAX Rik MEAK KAX RIk NEAM
66006 655.4 6W7.s 1"95 1.5 1.o
661.2 655.3 6"606 4.0 t.0 4.0

122Z.2 1166.1 1109.V 4.0 4.0 4.0
1191.2 1156as 1174.? 4.5 4.0 4.4
161401 142101 154701 4305 4.5 3Z2Z
1686.4 1533.9 156.06 42.5 7.0 23*o
1568.4 1516.4 1547.3 41.5 7.0 24.6
163006 149g.5 1562.9 56.5 gas 253
156507 149uS 1545.9 5?7. 9.5 41*4
16509 1514.2 1592.7 59.0 9.5 35.5
1653.7 1515.3 1585.2 73.3 go. 46.1
1632.6 1409.1 1557.8 so0. 1*) 36.2
1631*7 1447.6 1574.9 72.0 g9. 37.0
1668.9 149566 1609.4 71.0 9.5 49*6
1676*8 1506*6 1601i. 93.0 ga5 41.7
1713.2 1361.s 1623.1 91.8. 7.0 49.0
1670.2 15I6.6 1619.0 87.5 7.0 42.3
1705*4 1564,6 1634.0 69.5 9.5 49.3
1707.7 1517.6 16151, 9180 9.5 43.3
1514.9 1456.4 I5Zo0. 4.5 4.0 4os
1609.7 1506.1 1559.9 lo9. 4.5 9.s
194.4 1490.5 50so.s 113o. 9.5 65.6
161.e4 1460o. 1516.0 116.0 64.5 101.3
1258.7 1124.7 12(a1 126.5 4.5 52*1
1205.5 1O0O0. 1126.5 151.6 9.5 104.6
Is.9,2 off.* 995.4 157.5 41.5 117.6
776.) 68637 M2a2 17s 655 125.1
714.l 641.7 670.7 112.5 4.5 s6.a

RUM 62619 HEATER R00 STATISTICAL DATA

CLEW
12
24
39
48
Go.
67
69
70
71
72
7D
74
75
76
TT

79
60
61
84
06

90
96

102
111
120
122
13H

14

IC
11
1
1
I
1

1:

14

II

TEMP RISE (DES F1 QENC9 TERF IDES F)

NAX Mim REAM MAX Rim MEAK
5.3 4.2 4.9 648.0 211.9 50709
L1.4 10.3 1180 771*6 737.1 T49.3
2400 20.7 23.1 716.1 696.2 706.9
14.6 29.5 31.0 704.0 660.6 67602
7093 3l3e 54.9 715.1 721.9 751*1
i1o. 2866 49.6 16003 616e. 719.1
15.1 39.8 52.2 79.3 6170. 716.6
l5.5 43.6 51.7 773.2 72139 74907
06.3 47.0 71.7 1034*4 62601 7771.
3506 4407 64.5 7Mae. 61.24 7U6.6
97.5 53.4 69.9 76864 680.6 73o0.
g5*. 46.5 66.6 1634.3 6665 745.6
06.6 44.9 TI72 71.0 467.6 742.9
12.2 49.5 7907 934.3 7Z2.5 759.6
30.e 39.6 77.6 1116.7 T706. 691.9
46.3 39.0 64.6 1126.2 676.7 66%e4
61.9 41.2 60. 1135*1 613.0 676.3
65.6 47.7 107.6 1226.1 098.9 685.5
90.2 47.7 102.8 1074.9 751.6 942.6
41o@ 26.7 35.3 100400 66S.0 774.5
70*4 34.7 41.3 1109.6 66V.6 619.0
1yel 42.6 79.4 100.1 61995 "610.4
41.6 127.5 166.6 903.2 666.2 761.2
6400 30.0 54.0 771.6 .014.4 ..69194
61.4 34.0 6I.1 690.5 50%.9 639.b
32*1 39.3 145.1 668.4 47.04 565.7
14.9 22*1 slob 521.9 245.9 429.2
6702 1606 37o. b6..? 24*7, 373.9

QUENCH TIME (SECI

NAX RKm REAN
702 3.5 406

1406 14.4 14.6
79.4 75.4 76.6

127.9 120.4 124.)
10469 1I6.4 16904
22502 s09.6 120.1
22801 225.1 2*6.3
131.1 ZZ0,9 12642
233.2 116.3 202.9
236.3 &33.6 134.9
240.1 234.2 237.1
242.5 113.7 A17.o
247.1 13).. 116.5
249.2 125.6 226.3
255.0 1112. 193.I
257.2 113.7 206.6
263.1 130.3 20206
264.2 121.3 *20.2
270.1 177.6 1*.43

6o7.2 17i.v W57.5
291.2 176.3 15501
.30).1 241.1 614.2
334.1 2?72. 315.2
366.1 326.1 34405
366.2 13701 3690!
413.2 3as.9 366.1
40862 *90.2 337.6
333.2 *20.1 259.9
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I- 3) .'t

Z;

? oc.co

: .r..*:
0

41

0.0

FLE(0NT SEASET MOULES
Aukt 6zlis 630tsCN/5YM a•6'1 _______

8 8

TIME SECOSO$S

I E. (S~ uO(- --

fLECWI SEA$(1 3'.fDL[S
RSUN G6?St _1018

•1 (/$ym Z16/1 l/

50.

30.000

20.000
a.
N

30.000
C

•0.000 "

up

10.000 ,.

0.0

8500.0

,..

I000.0 -

750.00 a•

500.00

•57.00

800.00

- 700. 00

Soo. oo

I 50 e.o0

a 00 .0

C
0

TIME I SECOIOS

8

Rod 11E, 1.52 m (60 in.)
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_ 3.0.57

J 00. 00

350.00

A Z00.00

S150.00C

- 50.000

z0

0.0

C
lc

TIME ( SECONWDS

S
SW

50.000

40.O000 •

30.000 S

0.000

I0.000

0.0

1831M,
1750.0

1500.0

!?50.0

I000.0

350.000
I-

500.00

05.00

S.,

C

K
0-
K
U
SM

a:
SM
6-

1000.0

900.00

800.00

700.00

600.00

500.00

400.00

300.00

10o.00

1R5.00

fLEC"T SCASET lUDLES
Auk 6zels C3016
c"/SYM 75/1 IS/Z

gC.
C

TIME ( SECONDS I

S

Rod 61 1.83 m (72 in.)
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1000.0 -1832.0
FLECHT SEASET "UNDLES 1750.0
RuNs 12819 13013 I

900.00 CMSI01 103/2

8000 ________ _______ 1000.0

90.00••I,•.

\,ooo.o
100.00 -- ___ _.00

00.000

~ *000.0

750..0 h.
Is =

IL

300.000

200.00 . .0.00

125.00 Z57.00

o •

TIN E SECONDS

_ 340.57 . . . . . . . . . . . . 0.001 •
RLECHT SEASET BUNDLES *
RU 12819 MI3018S

E 300.00 c(/SYN 103/1 103/a
o.ooo0

S250.00

4 40.000 -

S200.00

30.000

S150.00

0- 00.000O0

0.0 0.0

TIME SECOlOS)

Rod 6L, 1.88 m (74 in.)
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1O00.0

900.00

£00.00

- 700.00

soo.o0

0" 400.00

?100.00

200.00

125.00

€
€

TIME I SECONDS I

FLECHT SEASET 1UNDLES
RUN £2613s £3016
CH/SyN 117/1 1117/z

i

Z5700.

10.00

30.000

70.000
0..

a

5O,00.00

60.0001 "

5•0.000 "

~0.000 p

1132.0
1750.0

1500.0

-340.57

300.00
IL

0ZSO0

1 00.00

a•

50.00o

0.0

C

TIME SECONDS

8

Rod 6J. 1.98 m (18 in.)
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1000.0

900.00

800.00

- 700.00

6 00.00

$ 00.00
4A

o00.00

' 300.00

200.00

125.00

C
a

TIME 4 SECONDS

S

1832.0
1750.0

1500.0

1250.0
4..

1000.0 -
S._

4,

750.00 S.

I

500.00

257.00

20.000

10.000

0.00

*0.000

30.00

- 3'0,57

300.00

ZSOO

Z5 •0.00

Z1 250.00

4

1 200.00

4..

50.00S00.00

FLECHT SEASET BUNDLES
RUN 6,219 £3013
CH/SyM 17£/l 176/1

C
C

TIME € SECONDS 3

S.

Rod 9F, 1.98 m (78 in.)
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1000.0

900.00

300.00

- 700.00

b~600.000o~o

S 50.00

Z 400.00
a-~ o

K

IuU. uU

200.00

1?5.00

FLECHT $CASET MUOiLES

TINE ( SECONDS )

FLECCW SEASET BUNDLES
RUN 6I1 613016
CN/Sym 19s/1 19_/a

163.0
1750.0

1500.0

1650.0 S

Cl

1000.0 "

I-a

500.00

Z57.00

60.001 !

50.000

a•

S-.

30.000

30.000 -

-a

10.000

0.0

- 340.57

, 300.00

Z 50.00
,a.'

200.00

150.00

a-.

•, 200.00

- 50.000

0.0

C

CD
TIME SECONODS 3

S

Rod 9E, 1.98 m (78 in.)
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O000.0

900.00

800.00

- 700.00

$00.00

S500.00
4

4 s00.00

S300.00
Z OO.00

200.00

125.00

FLECHT StASET 9UNDLES
RUN 62M 63011
CHISY" 309/1 309/2

ct

TIME I SECONDS I

B.!

340.57

i 300.00

200.00

S150.000

100.00

50.000

0.0

I133.0
1750.0

1500.0

1250.0

1000.0
to

41

750.00 ,

IP

50.000

20.000

£0.000

20.000

Zr10.000

30.00

0

T1IME q SECONDS

Rod 70. 2.29 m (90 in.)
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1000.0

•00.00

100.00

- ,00.00

100.00

S500.00

% 400.00

- 300.00

200.00

MA.O0

- - - - - - - - - - - - - - - - -
FLEIC14T SEASET IUKOLES
RUN &I119 6 30 Is

-4 CHISY" 125/t 32SI2

I1u.0
1750.0

1O00.0

750.0

750.00MA-

C
e

TIME ( SECONDSI

8
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1 250.00

$ 200.00

0.0
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10.00

0.0

CD

TINE I SECONDS I

S

Rod 11E, 2.29 m (90 In.)
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I00U. 0 3LECNT SEASIT BUNDLES -1132.0
RUNi $2119 610tl 1750.0

900.00 C __SYM 7211 M_/2

300.00 1500.0

- 700.00

6000.00

S500.00

.00.00 750.00 =
I I

300.00
500.00

e00.00

165.00 Z57.00

oo
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S300.00 ______t~ 321
50.000 :

Z 50. 00
40.000 =

z.,00oo. 00} ,

-• 30.000

, 150.00
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. 50.000

0.0 - .. . . . . . . . . .. . . 0.0

T S

.Rod 8 2.59 m

Rod 83. 2.59 m ('102 in.)
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0

Rod 13G. 2.82 m (111 In.)
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FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

62919

10/8/82

Gravity reflood

Mass injection rate

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Injection rate

Coolant temperature

Initial bundle water level

0.139 MPa (20.1 psia)

871.6"C (1600.9-F),

8N-1.93 m (76 in.)

2.30 kw/m (0.700 kw/ft)

2.30 kw/m (0.700 kw/ft)

2.30 kw/m (0.700 kw/ft)

5.62 kg/sec (12.4 lb/sec) for

4.5 sec

0.594 kg/sec (1.31 lb/sec)

onward

32.2-C (90F)

+5.6 m (+0.22 in.)

COMMENTS:

The injection flow was reduced in this test

not fill up during the test.

so that the downcomer would

Carryover tank filled up at approximately 380 seconds.

There was no corresponding test conducted in the 161-rod unblocked bundle;

however, rod temperatures were compared to those of run 62819, which was

conducted at the same conditions but at reduced time for high flow

injection.

3542X:1/081583 21-62919-1
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38.
116.
123.

137.
110.
103.
30t.
324.

321.
352.
410.
395.
436.

42P.
389.

376.
372.

385.
4q?.
473.
42P.
598.

447.
418.
484.
510.
392.

402.
411.
501.
364.
314.

419.
411.
382.
461.
501.

462.
375.
34q.
441.
404.

391.
303.
409.
449.
414.

491.
204.
272.
276.

151.
219.
203.

1.5
4.0

22.'
37.0
47.5

51.5
'7. !
43.0
P6.5
96.0r

"0. Is
10,5.111.0
111.5
108.5
111.0

111b 5
107.5
10•.•
111.0.

q3,5

115.,
133.5
120Q.
139.0

119.5
113.5
112.5

125.0
102.5

101,'
110.,)
121.5
1430!
100.0

116.0
111.0
111.0

98.5
119.5

115.(
90.0
85.0

122.5
121.0

1260•
11'.'

14,?S142.5

143.0

154.5
131.0
136.0
1410•

125.0
12R.5
135.0

tat.
73'.
~i*.

711.
714.

75..

7b4.

tit.

7....

b22.
74c.
743.

7,4..

7,.t.
777.

7ti.
77,.
75ý.

133ý..

828.
77'..
8A..

77c.

03i.kba.
776..
65i.

75i.

b34.
b3i,.
75t,
747.

.08.72t..

?2ý.
bbT,.

tbl.

tz?.
627.

31l.69'..

633.

b2c.

44'.
247ý,

LUKhCA
T.Pz

IýECUKD!)

7.1,
38.t

111.%
173.t
I?Z.S

179.4

185.9
247. .
Z43.7

291.,
3;,c %'
3C3.i

321.%.

326. k

323.4
322.t
3j

4
ý . C

207.11

329.C
35C.8
331.1
3:,.1.
336.E

355.3

3t.'%C

433.(
430.*c
4938.4

473.7
517.4
502 5.'1.
549.1
547..ý

545.t

58t3 .

5b4. ;
5,L2.7
34t.8t
47t.*2

.713.1
5'.5. 1

96 9-
IIF V-

61uL-
b n ,I,*-
br•ol-

8f11t L

41. O-

11t1-

3
3

C
C
4.

C

c

bili- t
6.11- 4

62919-2



suf 62919 HiTTER ROd STATISTICAL OATA

MAx TEMP (DEG F)IM.T1,.L lTe~v IL&G Si TURNARJUKL 114i ISC)

EL0,

3v
45
lu

t?

t9

7w

72
7*
74
7D
70
77
7b
796%,
al

64
bt
9c

102
Ili
a c
432
lit

MAX 141. rto.8
652.4 65..2 .4631
aby.c 6%0. C 6D 04.
1195.1 .132.1 llzi.?
1356.5 J3a.1 1147.4

157a.2 A4vv-' AZ3ý..

151j.C 1477.7 14v..t
LD60.4 Lil7.L 1,410.1

1571.7 144v.% 17AA.4
157b.c 1351.1 14 ,a€
1L51.4 &3.0 .4 C'..%ea
1600.1 h4kv.t 4Dgc.c
ID7409 I'a67f.L 4 ai-7

1562.5 A441.e 1b%4•.

1550.7 A440.7 1514..

1501.S 13760. 1467.7

1173.4 AC2%.t 1337.t
1074o2 Ll(,. A Ar,%.6

907.c %C2.1 , o.3
674.1 &.5I. D 6€.4
6 6e.7I 6kb.l 614O.Lo

MAX "IN MEAN
061.? 057.5 659.0
662.2 057.4 865.6

1232.7 1165.1 1193.6
1406.2 1436.0 1462.e
1867.C 1459.5 1746.?
1399.3 1803.7 1864.5
1661.8 1712.4 1847.7
1932.1 1630.4 1674.4
1904.1 1666.2 148q.0
1975.7 1055.7 1918.4
1951.t 1652.3 1905.'
2017.4 16160.1 1917.9
1962.t le4z.2 1919.7
2046.6 1903.3 1963.f
2023.3 164.6 1948.3
2040.e 1622.9 1956.'
2019.6 1636.5 1961.5
2040.t 1637.6 1970.2
2341 C 1637,1 1952.06
1612.7 1647.1 1772.6
19L6.C 17460.7 1829.7
1975.7 1803.7 1640.3
1939.C 1755.6 1632.1
1613.S 1457.4 1538.2
152.1 1353.2 1444.4
1374.3 1109.2 1269.6
493.t 640.4 02505
924.5 $05.6 8610'

4.0
23.5
56.5

100.5
120.0
111.5
110.5
117.0
125.5
118.0
133.5
133.0
13.15
141.5

144.0
142.5
140.0
154.0
111.5
108.5
124.0
141.0
117.0
127. fl
170.5
141.0
139.0

t7.L

14.G
23.1

37.0

21.5
74.'
SO.c

t6.5

90.11
7L.C

I7C. z~

116.5
117.0

I'e4.0

PEA,

3-3

S.5

V2..
46.6

I '.c.

1110.

112.L

,13.4
A.Itt. 4
i14.c
11t.7
117.*
izý..
S.3.1

114. 44301.

ICI .*,

110•.
i i S. 4r

l3i.c

NON 6z919 HEATER ROD STATISTICAL PATA

QUENC• TEMP (DEC F)TEAP R1lc 401l Fi

ELEV

24
39
40
a0

elf

70
7a
72
73
74,
70
71
77
7b

?v60

614.

so

lit
It&

13k
A 36

MAX
0.3

12.4
41.4

141.4
347.4
410.c

463.1
464.2
497.0
47tvo.C

52o.1
49J.2
511.t

500.t
400.4
S1v.C
503.6
3120.t
3

6&:.4
470o
!79.4
4150.3
473.c

325.t
272.3

Film

2b.S

1402.t
74.1

217.1
27i.3a

361.'I
344.7
34'v. t.
34'v. A

395.1
101.t

277.6

320.1
iut0%

4 It. 3

"15.3

A a.
P4.'

3&&e

414.1
4*•.

411,1

4=*4.

MAX
646 b .
671.9
734.6
787.2

622#7
773.1
763.1

769.C
604.C
019.9

859.0

eb3.C
1069,4
L0165.2
10bS.03

100'..)921.1
902 t

557%.6654.0
740.5

694.4
032.3
615.3
64 5.

"in
235.2
625.0
134.0
698.6
743.2
633*5
701.7
743.3
690.1
744.2
744.0
731.4
476.6
660.0
744.7

50.5
663.3
692.3
770.3
700.
69b09
?31.6
7001.6
020.7
601m.
391.3
371.5
247.0

MEAN
374.*
046.4
721,5
729.4
792.1
747.c
749.0
768.2
737.1
7689.
771.1
767#f

616.7
815.1
642.7
830.6
6453.6
755.7
775.:5
011 7
787.3
609.2
646.1
604.2
472.4
470.6

Qcut"L 11ilk ISEC)

MAX AIN~ Piat.
B.0 'AI. A 6.1

308. 27.6 33.2
117.9 lcb.o 112.t
179.4 &b.0g.4 l7f.1
253.5 243.7 246.0
300.9 ZbZl' 269.7
300.1 27.*. 12.4
313.9 3C02.' 30.3
321.9 31€.& 317.C
329.9 314.0 323.±
339.9 323.& 32'-..
343.0 310.C 333.4
350.4 31S4. 33t.,
354.9 325.9 j454
363.9 334.6 14".4
3690. 29b.7 351..
372.7 311.7 3.3..
384.6 32f0. 3W7.,
107.1s 3!... 3t$-'
413.0 31 5.s 39,6.%
417.1 jtb.1 4c4.,
448.4 411.' 433.2
49B.6 440, 474.4
526.1 465.1 510.1
563.1 461. ,4c.7
566.1 3t..7 56...z
593.1 340.0 447.7
555.1 Z'.., 4t;.;

62919-3



1200.0

1000.0

800.00

600.00

400.00

200.00

100.00

FLECT SCASET BUNDLES
RUN $6219 52319
CH/SYM li/t let?

TIME I SECONDS

Rod 3H, 1.52 11 (60 in.)

FLECHT SEASET BUNDLES
RUN 62sIs $2319
CH/SYm e1/I ll2

2192.0

2000.0

t750.0

1500.0

1250.0

1000.0

750.00

500.00

2192.0

2000.0

1750.0

1500.0

160.0

1000.0

750.00

500.00

1200.O

1000.0

800.00

La

600.00

400.00

ZOO. 00

100.00

9
3

TIME I SECONDS

Rod 7G, 1.52 11 (60 in.)

62919-4



1200.0

1000.0

B800.00

600.00

a

• *0o.00

200.00

100.00

21S?.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

M~:88

I-

'I
SM
C

SM

a
a-
a
SM
a.
2:
SM

C
C

TIME ( SECONDS

Rod 3K, 1.70 m (67 in.)

1200.0

1000.0

800.00

600.00
a

400.00

200.00

100.00

11ECWTl S, SET BUNDLES
2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

LI
SM
C

SM

a
a-

a
SM
0.
K
SM
p.

C
C;

TIME ( SECONDS

Rod 8G, 1.70 m (67 in.)

62919-5



1200.0

1000.0

800.00

600 .00

4 00.00

200.00

100.00

FLECCT SEASET BUNDLES

RUN 6Z919 Q81

a192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

flP:88

I-

'I
-a
a

-a

I-
4
a
-a
a.
I

C
0
0

00,
0

TIME ( SECONOS I

Rod 3K, 1.78 m (70 in.)

S C
a

1200.0

1000.0

800.00

-' 600.00

IL 400.00

NO.oo0

00.00

a2192. 0

2000.0

1750.0

1500.0

IZ5O.O

1000.0

750.00

500.00

AM:88

I-

-C

a
-a
a
C-
4
a
a.
I
i.e
C-

a

TIME £ SECONDS

Rod 7G, 1.78 m

62919-6
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(70 in.)



U200.0

1000.0

O00.00

,.' 600.00

41

S400.00

100.O00

1200.00

1000.0

800.00

4,.'

'* .oo.oo
ca'

600.00

100.00

12O00.

1000.00

TIME I SECOWS V

Rod 8N, 1.98 mn (78 in.)

FLECNT SEASET BUNDLES
RUN 6ists MIS
C RoSym 8N,/1 172 n2

?= rST U-.

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

P2:B8

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

P:0BB
C

C

TIME ( SECONDS

Rod 9H, 1.98 m (78 in.)

CC
9CD

R

62919-7



1200.0

1000.0

800.00

, 600.00

4 00.00

200.00

100.00

FLECNT SEASET 9UNDLES
RUN $2919 $81si!
CH/lSTm tel/lI ?.1812 Si.

TIME 4 SECONDS I

Rod 9H, 2.18 11 (86 in.)

FLECMT SEASET BUNDLES
RUN U2919 62819
CH/SYM 285/I Z85/2

N

D

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

a192. 0

2000.0

1750.0

1500.0

16•0.0

1000.0

750.00

500.00

A:88

1200.0

1000.0

800. on

Ck

. 00.00

m Or. 0

c,
c.

TIMI SECOIiD% i

Rod 8N, 2.18 m (86 in.)

g
Se

62919-8



1200.0

2000.0

800.00

600.00

200.00

100.00

219W.0

2000.0

1750.0

1500.0

1,50.0

1000.0

750.00

500.00

flm:o8

I-I
C

S.'

5-

S.d
a-
K
S.d
5-

C
C

TIME ( SECONDS

Rod 9H, 2.44 m (96 in.)

1Q00.0

1000.0

800.00

?00. 00

o00.00
BO.O

--- ------- ----rLECNT SEASET BUNDLES
RUN 62919 £2819
CM/SYm 350/1 350/2

t

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

S..

'Di

C

S.D

5-

S.D
a.
K
S.D
5-

C
C

TIME f SECONDS I

Rod 81N, 2.44 m (96 in.)

62919-9



1200.0

1000.0

800.00

600.00

200.00

100.00

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

?12:89

La
I.'
a

'-a

4
m
'-a
a.
I

C
C

3 8 8

TIME ( SECONDS I

Rod 8H, 3.05 m (120 in.)

8~

100.0

1000.0

800.00

600.00

4 00.00
e-oo 0o

200.00

I00.O00

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

112:8Be

S.

La
-a
C

'-a

5-.
4
m
a.'
a.
I
a.'
a-

C

8
9
40

TIME ( SECONDS I

Rod 8N, 3.05 m

8* S.

(120 in.)

62919-10



1200.0

1000.0

600.00

~.600.00

400.00

200.00

200.00

1200.0

1000.0

600.00

.*600.*00

?00. 00

100.00

FVcCK1 StASEI SIOCRIS LUNDLI ASIAL VAPOR f(NP(PRAtuUll

lu% test

9
C; 40 8

C -

tINE I SECONDS I

C
C 0

9
C
0

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

M:B8

2192.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

112:8B

- C)

tlmE I INDSm p

8. 8

62919-11



300.00

25W.00

Z 0.0

Z 150.00

100.00

50.000

0.0

300.00

?50. 00

200. 00

• 150.00

t 00.00

50.000

0.0

MutIU 39 LK991IS U 30A UtsZ WALL flIONPRAT"11Usa' still

toIT 311 stl 311 will MM

L 11*1 SgAt LOCRID MOU LgOOP FLUID AND VAPOR HUMPIANAR
uo~V Il'i Ill'? sii 1171 111814 Slots

571.00

5O0.00

300.00

200.00

100.00

572.00

500.00

100.00

300.00 2

200. 00

100.00

32.000

tim tsi me I

S Si

62919-12



70.000

60.000

50.000

*0.000

• 30.000
?0.w 0

10.000

0.0
.4.3817

S.296;5

4.0000

S.O0000

..3.00DO

Z.0000

LbDO

0.0
-0.42%j

a4- 4-- -

12.000

o
C

tiat t WINDPS I

S
§

10.000

5.50000

1.5000

0.0
-0. 7250

13.2?0

10.00

S.5000O

0.0

-1 o

9

TIME I SECONDS

S.
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495.69

450.00

400.00

300.00

250.00

150.00

t00.00

so.000

0.0

rLECHT SEASET BLOCKED BUNDLE TEST 59MIS
IsMASS INJECTED Z*TOTAL MASS INVENTORY
3sSTEAM OUT 4-LIOUID COLLECTED SaMASS IN DUNDLE

4F

3LL

TIME ISECONOS)

FLECHT" SEASET 163 ROD BUNDLE TEST SERIES
629t9 HEAT£R ROMS -
0UENCH TIMES fALL T/0)

• • ~01, I

0 .pQ•

0 601

1092.3

1000.0

100.00

S00.00

300.00

00.00

0.0

12.500

10.000

7.5000

5.0000

2.5000

0.0

4.0000
&.5

- 3.w000
Id
x

3.0000

Z 2.5000

1- 2.0000

to1.0000

0.5000

0.0

90

00 o Si

OU(NCH TIME (SEC

C3
a

00

62919-14



4.0000

.13000

• 3.0000

t .sooo
O

1.5000

1.0000

O.WOO

0.0

1.2000

1.0000

0.75000

30o

0.0

4p
TIME (SECONDS)

0.6710

0.6000

0.5000
".1

a.

o.tooo
a..p

0.°000

0.0

a

0es0

0.5000

0.5000

0.0

i
TIME ISCCONOS)

62919-15



4"A
..ODO.

FLECHT SEASET
LEVELIFT) 6-7

t

BLOCKED
7-3
a

BUNDLE TEST
3-5) 9-10
3 ,

$2919

5 6

0.6721

0.6000

~II
3.5000

3.00Z 3.0000

0.5000I .O0000

0.0

1.0000

0.5000

0.500

C.000

Af

TIME (SECONDS)

FiLECHT SEASET BLOCKED BUNDLE TEST 62391
LEVEL(IT) 6-7 7-8 I-S 9-10 10-11 It-1e

40 vs 
1 

'

0.5000

0.00.,000 a

0.0

I.0

0.20000

0.100

0.0

MC S 8 S

TIME (SECONlDS)

S

62919-16



FLECHT SEASET 163-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run:

Test date:

Test type:

Parameter:

63018
10/11/82

Gravity reflood

Pressure effect

AS-RUN TEST CONDITIONS:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power:

Peripheral rods

Bypass rods

Blockage island rods

Injection rate

Coolant temperature
Initial bundle water level

0.276 MPa (40.0 psia)

871.7-C (1601.0F),

8N-1.93 m (76 In.)

2.29 kw/m (0.699 kw/ft)

2.30 kw/m (0.700 kw/ft)

2.29 kw/m (0.699 kw/ft)

5.76 kg/sec (12.7 lb/sec) for

14 sec

0.780 kg/sec (1.72 lb/sec)

onward

52.2-C (126-F)

-9.4 mm (-0.37 in.)

COMMENTS:

Carryover tank filled up at approximately 200 seconds.

Inlet mass flow:( 1 ) +7% after flow step decreasing to -1% by 40 seconds

Power decay:0) peripheral rods, 0% constant

bypass rods, -0.5% constant

blockage rods, 0% linearly increasing to +2.5% by 270

seconds

1. Relative to run 33436
63018-1



ILC614T SkASET 163 POO BUNDLE TEST SEPIES
RUN NU4BER6301F

ROOICLC6 TAhIlTIA ".XMIUM TENPERATURC TUmNAROUND 9bthCh QUEh
CHAh. 1w Al FLijL TENVEkATURE RISE TIME TcfPRtA1uki JIM:

Iui.. F) (.EG F) (OEG F) ISECnNos) 1dilb F) 1SCChONS}

96 1- 0 3 €v. 673. 4. 1.0 65%. 3.7
10.H 2- c e be. 898. 10. 2.0 762. 4.39t 3- 3 9 1Zct. 1223. 20. 4.0 76f. 51.4

3J 4- C 11 134S. 1374. 25. 4.0 7b4. 75.:
7I 4- c 12 1340. 1366. 26. 4.0 714. 78.l

bK 4- C 13 135t. 1386. 30. 4.0 736. 70.6on .0- C 14 1347. 1373. 26. 4.0 714. 768.
120 i- 0 17 1340. 1363. 23. 4.0 731. 7b.45E 5- , 2C 14eb. 1501. 35. 4.0 t4l. 113.17? 5- 0 21 1537. 1574. 37. 6.5 a6i. 110;.

96 5- c 24 1507. 1542. 36. 6.5 662. 113.C
5k %- 7 33 1522. 1558. 36. 4.0 bZ. 126-i
si 5- 7 #!p 1,40. 1578. 38. 6.5 723. 142.39.4 5- 9 52 146.. 1524. 40. 4.0 716. 127.:
7; 5-IC 59 1502. 1545. 42. 6.5 6

7
•. 117.2

7F b-11 62 144%. 1480. 36. 4.0 # o. 630.46 5-41 64 1520. 1562. 36. 4.0 756. 1,53.
21 6- C 67 1513. 1612. 39. 6.5 b12. 153.35) 6- 0 70 1463. 1516. 33. 4.0 735. 152.76J a- C 74 151v. 1553. 35. 4.0 776. 154.s

IN 6- & 66 1531. 1576. 38. 9.0 763. 149.7
119 C 80 1496. 1534. 36. 9.0 763. 153.1
am a- 2 97 1360. 1399. 34. 4.0 630. $2.t5H 6- 2 99 152.5 1560. 35. 4.0 7.5. 160.C96 6- 2 105 1323. 1418. 9s. 19.0 1Z76. 46.3

IN 6- 3 111 14cv. 1443. 34. 4.0 856. 97.7
46 6- 3 124 154z. 1580. 38. 6.5 757. 16b.1
11.4 a- 4 134 1477. 1515. 39. 6.5 7*3. 62.4
60 a- 4 143 153k. 1574. 42. 6.5 726. 164.C94 6- 5 165 15IQU 1543. 34. 4.0 6bz. 110.4

9m 6- 5 lob 1547. 1615. 38. 6.5 792. 167.4
NJ a- t 192 1557. 1590. 34. 4.0 1C1. 102.s9D a- 0 193 153v, 1587. 48. 14.0 7ai. 169.C

11F 6- b 173 1533. 1565. 32. 4.0 165. 16*.4
46 7- .G 261 14b. 1516. 32. 4.0 730. 198g.

70 7- 6 309 146V. 1504. 35. 4.0 ROG. 1bl.t76 7- 6 312 1507. 1542. 3b. 4.0 162. 146.7
11t 7- 6 325 1434. 1471. 37. b.5 763. 2060.
5L a- 0 337 126•. 1351. 53. 23.5 706. 226.r
7. a- c 345 134J. 1389. 46. 23.0 a11. 198.6

79 8- C 34t 134, 1389. 43. 9.0 706. 221.15J 8- 6 366 1127. 1160. 33. 4.0 731. 221.7
78 -- t 366 1133. 1163. 30. 4.0 66(.. 243.17I E- 3 363 Ucat. 1124. 37. 9.0 672. 247.C814 9- 3 387 1C4-0. 1073. 34. 9.0 621. 248.1

9C 9- 3 3o9 1C40. 1071. 31. 9.0 607. 252.1
I1F 'f- 3 39. IC37. 1069. 32. 9.0 72a. 186.1
7614)- C 140 640. 925. 79. 35.0 507. 270.ý
6"10- C 41$ b63. )00. lob. 66.0 605. 264,!
8I10- 6 417 850. 929. 72. 60.0 200. 267.i

8M10- G 410 6*A. 974. 103. 44.0 603. 277.1
6.11- C 429 69A. 707. 16. 4.0 519. 178.1
961k- C 431 tab. 704. 19. 6.5 676. 32.t11E11- 0 432 6bo. 705. 17. 4.0 55•. 164.t

$J11- 0 436 67.. 696. 1. 4.0 603. 103.(
?a11- 6 437 63Y. 669. 30. 39.0 207. 173.CbJla- t 430 6b3. 698. 16. 6.5 b13. 233.%
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shom 64010 "EATER AOD STATISTICAL DATA

MAX TEAP IDEG F)INITIAL 1knP 40b tr TUPRAAUUNh. T76 ISECI

LLE v
12
24
3v
40
60
67

69
70
71
72
73
74
T5
7,
77
76
79
'U
01
.4
86
90

102
111
120
132
13l

MA X 1Aln f~it &
673.2 66V.C 674,5
417.4 661.5 671.2

1203.5 1145.4 1169.1
1365.9 1339.) 1340.7
1537.0 L366.1 1403.7
1U2.4 A490.5 •53a.0
1519.7 1464. 1!006407
1590.1 1459.3 IZA.I0t
152b.2 1431.7 147*.5
157%.9 s456.3 15Z6.9
1572.1 1463.6 lba.7
1577.1 1364q. 140.1
1562.5 1409.3 lbii0:0
1601.0 1444.3 13i*.3
1577.1 1477.7 15c0.s
1597.7 0500.i 154t.3
")01.4 4492.7 154:1.1

155b. 14%o.: 1510.8k:
1 534P. 142 t. 4 1400.0
L576.0 1466.1 .L5ZA*O
151L.0 1373.3 1461.t
1344.9 .267.1 133..0
1101.7 1O39.C 11443.
1067.5 1022.5 15.
913.2 613.ro Ob7.0
691.1 676.- 6Wl.b
602.7 630.t 6tv.0

MAX KIN MEAN
677.4 673.2 675.7
897.7 871.09 881.5

1223.3 1166.1 1189.0
13#0.C 1362.7 1375.3
1573.8 1414.6 1517.7
1622.9 152••.4 157P.8
1557.6 1524.0 1541.8
1626.2 1502.3 1556.5
1561.9 1477.7 1513.5
1611.9 1493.7 1565.0
1609.7 1501.2 1552.7
1610.08 1398.6 1532.2
1616.3 1443.5 1543.2
1637*2 1480.9 1570.1
1615.2 1509.9 1564.7
1639.4 1537.0 1581.0
1615.2 1533.7 1582.e
1593.3 1532.6 1573.2
1590.1 1512.0 1557.2
1566.2 1452.0 1518.4
1606.4 1500.1 1554.2
1548.9 1412.5 1504.4
1447.8 1324.7 1395.2
1211.0 1067.9 1177.6
1123.7 1054.5 1087.5
997.8 842.0 934.3
715.1 695.3 703.0
69•8.4 660.0 680.4

MAX
1.5
2.0
4.0
4.0
6.5
9.0
9.0
9.0
9.0
9.,
9.0
9.0

13.0
9.0

13.0
17.0
23.0
26.5
26.5

4.0
6.5
9.0

41.5
6.5

11.5
79.5
66.0
39.0

R& h

1.G

2.4

4.0(

4.0

4.0
4.0
4.0

4.0
4.,.
4,.0
4.0
4.0

4.0
4.0,

4.0(

4,U
4.0

4.C
4.0

5.C
SC

6.4

6.2
6.1

6..

6.C
5.6
6.3
6,-

1Gc

3.s
4.1

ab.2

4.2
0.t

46.1

14.3
13.C

Kin 6i018 HEATER GOD STATISTICAL DATA

ELEv
12
24
39
48
to
67
69
70
7L
72
73
74
75
76
77
76
79
80
aI84

v*90

Loz
111

&32
k3b

TEPP *ISE (0E6 ti

MAX Alh l. ab
4.2 4.2 4.2

10.3 10.3 1.,3
20.7 Ic.c Ali.2
24.5 22.1 2b*.
3P.0 26., 34.0

132.4 3.,4 40' .
41.0 33.6 47.4
42.e 36.4 js..6
0.9 3z.7 4f#00
310.1 33.3 36.t
41.1 31.5 3.40
44.7 33.7 b7.1
47.0 30.3 3t*7
42. 33.5 37.0,
45.5 32.2 3t.2
47.6 30.3 3a.7
59.5 3i.4 37.0
50.5 3&.4 42.6
6u.6 33.3 4k.3
38.7 26.7 3.A
35.7 29.2 3)ik
42.1 340.2 i 4.6.
94.0 42.. 57.2
3u.3 2b.w 3A.
36.1 26. 3j.*

122.9 27.s 77.#
2r.i 13.7 1*.%
3%.,. 14.7 AV.?

OUENCH TEMP (DEG F)

MAX MIN MEAN
664.0 659.0 662.1
762.5 742.9 750.5
768.7 706.7 738.3
753.9 713.6 733.2
863.8 779.0 836.1
855.4 712.7 779.5
845.1 718.1 780.8
872.9 767*2 804.9
961.9 65650 801.8
812.4 702.8 769.7
823.5 721.5 767.0
076.5 711.4 774.3
937.3 535.1 776.2

1031.3 724.6 799.9
1056.1 740.2 902.1
1073.5 728.3 876.7
1052.C 749.2 895.9
1106.6 283.5 876.6
1065.0 772.5 933.6
961.2 695.9 7786.
999.3 666.9 809.1
994.3 694.3 823.6
931.7 681.6 790.6
771.4 613.4 699.0
765.c 586.3 660.1
754.9 535.6 626.4
676.3 4805.1 534.7
603.1 266.8 447.6

OU"CN 11ML (4Ec)

OAX MAN P-EAN

3.9 3.7 3.6
14.3 14.1 14.i

52.5 51.4 51.9
73.9 75.4 77.1

120.0 110.9 114.3
142.3 105.9 133.6
146.9 121.5 137.-
148.3 117.3 140.c
153.9 03.9 133.1
15?.0 144.7 153.S
161.4 152.6 156.C
164.0 74.9 144.4
168.1 74o.6 136.1
170.3 76.4 146.5
175.2 73.4 119.7
175.9 67.6 12Y.6
180.3 72.'# 1126.7

293.1 7t.0 146.9
136.0 103.4 133.7
200.1 104.3 169.3
203.1 IZG0t 16b.,
214.1 146.7 .lt4.
232.0 177.2 210C.
243.1 211.1 2268.
256.1 172.7 23t.0
277.1 137.7 245.3
266.1 32.b 16C.2
233.9 146. 146.4
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APPENDIX I

INSTRUMENTATION ERROR ANALYSIS

I-1. INTRODUCTION

The error associated with the measured data from the FLECHT SEASET 163-rod

blocked bundle test series was derived from either equipment manufacturer spe-

cifications or system calibration data. Component calibrations were performed

to verify that the manufacturers' specifications were met, and these manufac-

turers' specifications were used to compute the error estimate for the data

path. System calibrations were performed when component calibrations were not

expedient or when an accuracy improvement could be accomplished with a system

calibration. The system calibration data were used to compute an estimate of

error for the system response, and calibration standard equipment specifica-

tions were used to compute the error of the calibration data points. The

total system error from a system calibration is a function of both equipment

response error and calibration data error.

In all cases of error estimate, the standard deviation was computed and

presented as the most probable error. The derivation of this error analysis

technique was presented in paragraph D-7 of the 161-rod unblocked bundle data

report.() The manufacturer-specified error is the maximum possible error

for the respective component. The standard deviation of the error was calcu-

lated from the maximum error by the following, based on a uniform distribution

over the error range:

2 n E 2
a . I - (I-1)6=1k3

iul 3
where

a data path standard deviation

E = component i maximum error

n = number of sources of error

1. Loftus, M. 3., et al., KPWR FLECHT SEASET 161-Rod Unblocked Bundle, Forced
and Gravity Reflood lask Data Report,* NRC/EPRI/Westinghouse-7, June 1980.
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When a system calibration was performed, the standard deviations from the

calibration data and the calibration equipment were combined by the following

equation to produce the best estimate of error:

= E' + E 21(1-2)

where

a data path standard deviation

Ed calibration data standard deviation

E . calibration equipment standard deviation
C

The calibration data standard deviation is a measure of the error involved in

fitting the calibration data. That is,

wEre1Y n-2 Yf) 21l/2 (1-3)
Ed n -1

where L

Y = calibration point

Yf - predicted output from the calibration curve

n - number of calibration points

The calibration equipment standard deviation is a measure of the absolute

error of the calibration point. If the calibration point in the above equa-

tion is calculated from an equation of the form

r 1 r2. r3
Y xi x2 x3 (I-4)

then
n 2

y 1=1

and

E cry1-6Ec ./ 5 
1 1- 6 )
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The standard deviations of best-estimate errors, statistically the most prac-

tical estimate of error, are presented in tables I-1 through 1-4. The maximum

possible errors, which are the sum of all the possible component errors and

constitute the upper bound of error, are also presented in these tables.

Tables 1-1 through 1-4 provide a detailed listing of the errors by data chan-

nel. (Table 4-3 identifies channel locations and functions.) Application of

the information in table 1-1 to the recorded data requires an explanation of

the analysis.

The data path is broken down into three parts: sensor, conditioner, and

readout. The sensor is the device whose electrical output is proportional to

a physical quantity (temperature, pressure, flow, power). The conditioner is

a device which matches the electrical output of the sensor to the input re-

quirements of the readout device. The readout device measures and records the

electrical value of the signal from the conditioner. This recorded electrical

value is subsequently used to compute the physical quantity it represents.

The errors due to the transmission wires between the elements are not included

in this analysis. Transmission wire errors were very small (± 0.001 percent)

in comparison to the element errors, and were considered to be negligible.

The error values listed for sensor, conditioner, and readout are the manu-

facturers' specifications in engineering units. These numbers were used to

compute the most probable and maximum error, as previously described. Where

system calibrations were performed, the equipment calibration data list the

standard deviation and maximum error as computed from the calibration data

points in fitting the points to a first-order polynomial. The calibration

point standard deviation is computed using the method described above. The

calibration point maximum error was computed from the calibration equation by

assuming that the maximum error occurs simultaneously in each component of the

calibration equation.

The overall system standard deviation is calculated using the method described

earlier for combining standard deviations (equation 1-2).
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TABLE 1-1
INSTRUMENTATION ERRORS

4:b.

C)

00
w~

Error [°C (OF)]

Data Path
Sensor

Computer Type Sensor Conditioner Readout Most Probable Maximum

1-502 Heater rod bundle +1 (t2) ±0.3 (0.5) + 2.03 (±3.66) ±1.32 (±2.42) ±3.33 (.6.16)
thermocouples at -17.80C

to 277°C (O°F
to 530°F);
+0.3775 at
2777C to
13160C
(5300F to
2400*F);
use +50C
(±90F) ±0.3 (±0.5) ± 2.03 (±3.66) ±3.12 (±5.62) +7.310-( -l13.16)
maximum

503-539 Loop t2 (±4) ±0.3 (0.5) ± 2.03 (±3.66) ±1.74 (±3.14) ±4.53 (±8.16)
thermocouples at -17.80C

to 277°C (OOF
to 530"F);
+0.75 at ±5.894 (±10.61) ±12.3 (±22.2)
277C to

13169C
(530°F to
2400*F);

use l1O*C
(±1' F)
maximum



TABLE 1-2
POWER INSTRUMENTATION ERRORS(a)

Error

Equipment Response (kw) Calibration Standard (kw) System Results(kw)
Computer

Channel Bundle Power Most Probable Maximum Most Probable Maximum Most Probable Maximum

540 Primary (400 kw) ± 3.27 + 5.38 + 0.515 + 0.515 + 3.31 + 5.43
541 Secondary (400 kw) + 0.213 . 0.280 + 0.515 + 0.515 + 0.557 + 0.586
542 Primary (400 kw) ± 3.32 + 5.9 4 0.515 + 0.515 + 3.36 + 5.92
543 Secondary (400 kw) + 0.170 + 0.235 + 0.515 + 0.515 + 0.542 + 0.566
544 Primary (400 kw) + 4.25 + 8.25 ± 0.515 + 0.515 4 4.28 + 8.26
545 Secondary (400 kw) ± 0.045 + 0.103 + 0.515 + 0.515 + 0.517 + .525

U,

a. The above errors were calculated for test run 62413 (1.0 kw/ft rod
peak power). The three heater rod zones were reconfigured so that
each zone contained 54 rods.



TABLE 1-3

POWER INSTRUMENTATION ERRORS(a)

Error

Equipment Response (kw) Calibration Standard (kw) System Results (kw)

Computer

Channel Bundle Power Most Probable Maximum Most Probable Maximum Most Probable Maximum

540 Primary (298 kw) • 0.820 + 0.892 + 0.337 + 0.337 + 0.887 + 0.953

541 Secondary (298 kw) t 0.087 + 0.173 + 0.337 + 0.337 + 0.348 + 0.379

542 Primary (323 kw) * 1.583 + 2.54 + 0.439 + 0.439 + 1.643 + 2.577

543 Secondary (323 kw) ± 0.103 + 0.178 + 0.439 + 0.439 + 0.451 + 0.474

544 Primary (202 kw) * 2.289 + 3.068 + 0.279 + 0.219 + 2.31 + 3.1

545 Secondary (202 kw) * 0.068 + 0.113 + 0.279 + 0.219 + 0.287 + 0.301

a. The above errors apply to all test runs except
rod zone configuration was as follows: zone A
64 rods; zone C - 40 rods.

run 62413. Heater
- 58 rods; zone B -



TABLE 1-4

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

,j

Data Path Error

Computer Sensor Sensor Conditioner Readout

Channel Type Error Error Error Most Probable Maximum

546 Flowmeter 1 88 X 10-S 9 5 X 10-4 5 45 X 10-4 1 27 X 10-5 3 75 X 10-S
13.8 X 10-3 m3/sec m3/sec m3/sec m3/sec ms/sec
m3 /sec 0.298 gal/min) (0.15 gal/min) (0.0864 gal/min) (0.202 gal/min) (0.594 gal/min)
(60 gal/mmn)]

4 X 10-4
m3 /sec
(0.06 gal/min)

547 Flowmeter 1 31X 10-5 9 5 X 10-4 1 36 X 10-5 1 22 X 10-5 3 61X 10-5
(1.46 X 10-3 m3/sec m3/sec m3/sec mi/sec mi/sec
m /sec (0.207 gal/min) (0.15 gal/min) (0.216 gal/min) (0.193 gal/min) (0.573 gal/min)
(200 gal/mmn)]

5 4 8 (a) Flowmeter -- -- -- -- --

[+1.26 X 103
m3 /sec
(±200 gal/min)]

549- 0/P cell 0.01 kPa 0.01 kPa 0.01 kPa O.012kPa 0.O37kPa
561 (7.45 kPa (0.O02psi) (0.O02psi) (0.O02psi) (0.O02psi) (0.O06psi)

(1.08 psi)]

562 D/P cell 0.15 kPa 0.11 kPa 0.11 kPa 0.124kPa 0.3lOkpa
(74.74 kPa (0.022 psi) (0.016 psi) (0.016 psi) (0.018psi) (0.054psi)
(10.84 psi)]

563 D/P cell 0.20 kPa 0.15 kPa 0.14 kPa 0.17 kPa 0.50 kpa
(99.63 kPa (0.029 psi) (0.022 psi) (0.021 psi) (0.024 psi) (0.072 psi)
(14.45 psi)]

a. Flowmeter not utilized; calibration errors exceeded manufacturer's specifications



TABLE 1-4 (cont)

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

Data Path Error

Computer Sensor Sensor Conditioner Readout

Channel Type Error Error Error Most Probable Maximum

564 D/P cell 0.23 0.17 0.17 0.19 0.57
[114.6 kPa (0.033) (0.025) (0.024) (0.028) (0.082)
(16.62 psi)]

565 O/P cell 0.16 0.12 0.12 0.13 0.39
[79.71 kPa (0.023) (0.017) (0.017) (0.019) (0.057)
(11.56 psi)]

566 D/P cell 0.12 0.090 0.090 0.097 0.30
[59.8 kPa (0.017) (0.013) (0.013) (0.014) (0.043)
(8.67 psi)]

567 D/P cell 0.15 0.11 0.11 0.12 0.37
[74.74 kPa (0.022) (0.016) (0.016) (0.018) (0.054)
(10.84 psi)]

568 D/P cell 0.6 0.4 0.40 0.46 1.37
[276 kPa (0.08) (0.06) (0.058) (0.067) (0.198)
(40psi)]

569 D/P cell 0.21 0.15 0.15 0.17 0.51
(103 kPa (0.030) (0.022) (0.022) (0.025) (0.074)
(15 psi)]

570 D/P cell 0.07 0.06 0.05 0.06 0.17
[34 kPa (0.01) 0.008) (0.007) (0.008) (0.025)
(5 psi)]

571 D/P cell 0,4 0.31 0.30 0.34 1.02
[207 kPa (0.06) 0.045) (0.043) (0.050) (0.148)
(30 psi))

"-

80



TABLEI1-4 (cont)

FLOW AND PRESSURE MEASUREMENT INSTRUMENTATION ERRORS

Data Path Error
Computer Sensor Sensor Conditioner Readout

Channel Type Error Error Error Most Probable Maximum

572- .D/P cell 0.17 0.13 0.12 0.14 0.43
573 (87.01 kPa (0.025) (0.019) (0.018) (0.021) (0.062)

(12.62 psi)]
574-- PT cell 1.72 1.03 0.992 1.30 3.75
575 j [690 kPa (0.250) (0.150) (0.144) (0.188) (0.544)

(100 psi)]
576 PT cell 8.62 5.2 5.0 6.47 18.8

(3.45 MPa (1.25) (0.75) (0.72) (0.939) (2.72)
(500 psi)]



1-2. ILMPERATURE MEASUREMENTS

ihe errors for temperature channels 1 through 539 using type K thermocouples

for the sensor, a 650C (1500F) reference Junction for signal conditioning, and

the computer for readout are presented in table I-1. In the range of tempera-

tures from 2770C to 13160C (530°F to 24000F), the sensor error is a percentage

of the magnitude of the temperature. For temperatures below 277°C (530°F),

the sensor error is constant.

1-3. POWER MEASUREMENTS

Computer channels 540, 542, 544 and 541, 543, 545 were, respectively, the pri-

mary and secondary power measuring channels used for the forced and gravity

reflood tests. Three SCR (silicon-controlled rectifier) units regulated the

amount of power to the test bundle to a maximum of 1.3 megawatts. Watt trans-

ducers, utilizing the Hall-effect method, were used to record the power deliv-

ered to the test bundle. Calibrations were performed on the watt transducers

at periodic intervals to meet the manufacturer's specifications. A system

calibration was performed on the power recording systems during the test

series, and the combined data were used to compute the equipment response

calibration data most probable and maximum errors. The calibration standard

data values were derived from the calibration standard (YEW meter) component

error. The system results were derived from the system calibration data and

the calibration standard error estimates. The errors for the power meas-

urement channels are presented in tables 1-2 and 1-3.

1-4. FLOW MEASUREMENTS

Channels 546 through 548 were the injection line turbine meter computer chan-

nels. The turbine meters were calibrated by the manufacturer; these data were

used to determine the maximum sensor error. Manufacturer-specified errors

were used for the signal conditioning and readout. These errors were then

comnbined using equation (1-1) to provide the most probable error. The errors

for the flow mea.urement channels are presented in table 1-4.
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1-5. PRESSURE

Channels 549 through 576 were the loop pressure measurements channels; the
respective errors are presented in table 1-4. Manufacturer-specified errors

were used for the data path component errors. These were combined using

equation (I-1) to determine the most probable errors associated with these

channels.
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APPENDIX 3

CALCULATION TECHNIOUES

J-1. DATAR PROGRAM

The purpose of the DATAR model is to calculate the heat transfer coefficient

for heater rods in the experimental facility. It accomplishes this by using

available experimental data (as read from data tapes) and as-built heater rod

dimensions, coupled with a mathematical model (paragraph J-2).

The DATAR code consists of 13 overlays, to reduce the computer field length

required for code execution. These overlays consist of the following:

o The main program overlay, together with those subroutines
necessary to calculate film coefficients

o The overlay which controls the reading and checking of input
data, from both cards and tape

o The overlay which checks for restart and, if present, properly
positions. input and output files and sets internal values

o The overlay which reads input information from the main data
tape header and calculates several internal values based on this
information

o The overlay which checks card input consistency and echoes the
information to printed output

o The overlay which echoes data tape header information to printed
output

o The overlay which reads input from cards and performs
miscellaneous operations on the data

The program provides its own dynamic field length management, resulting in

minimum operating expense.

The main program generally controls the flow of most input and output data

read and generated by the program. A typical run is conducted using the

following steps:
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(1) Radial node positions are calculated based on built-in radii and
interval information. It should be noted that the code performs
its calculations in the radial direction only. Axial conduction
is ignored.

(2) The appropriate time values are calculated for each data point
produced.

(3) Header information (run number, number of data scans, and the
like) is written to the output tape, data tapes are read and
correctly positioned, and the bundle power is calculated. The
sink temperature is assumed to be the saturation temperature
corresponding to the specified pressure for the test.

(4) The temperature data for a rod thermocouple are read from the
main data tape; miscellaneous information for that thermocouple,
such as bundle position and axial and radial power factors, is
read from a secondary data tape. -

(5) The thermocouple is considered good if the channel is not in-
cluded in the bad channel list and the first temperature is
greater than 66*C (150*F). If these two criteria are not met, a
short entry is made on the output tape and data from the next
channel are read.

(6) Rod temperature profiles, surface heat flux, and heat transfer
coefficients are calculated by successively calling subroutines
containing the model described in paragraph 3-2.

(7) The data and results of calculations performed in step (6) are
written to output.

(8) Steps (4) through (7) are repeated for all bundle thermocouple
channels; the run is then terminated.

DATAR uses three principal subroutines. Their functions are as follows:

o To calculate the coefficient matrix

o To calculate the temperatures and surface heat flux given the
coefficient matrix

o To invert the tridiagonal coefficient matrix

Several other subroutines perform miscellaneous calculations, such as material

property evaluation and data interpolation.
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3-2. Calculation Method

A heat conduction problem is termed an *inverse heat conduction problem" if at

least one spatial condition is specified at an interior point of a heat-

conducting body. Because of this unorthodox condition, the solution to an

inverse problem is very complicated. Even if the governing equations are

linear, classical methods such as Fourier analysis and Laplace transformation

fail to yield a solution. For the Fourier method, the elgenvalues are not

readily obtainable from the resulting Strum-Louisvalle system of equations;

hence, a Fourier series representation of the solution cannot be determined.

Transformation techniques lead tQ a solution in Laplace variable space, which

defies an inverse transform into the real time space. Although the numerical

method' is not without difficulty, meaningful results can be obtained if due

care is exercised.

The mathematical formulations and methods used in DATAR to solve the inverse

heat conduction problem are described in the following paragraphs. The gov-

erning partial differential equation and the associated difference approxima-

tion are outlined below. The key assumption used in the development of the

approximation is that the nonlinear coefficients are slowly varying functions

of the temperature of the system and may therefore be treated as constants.

The validity of this assumption is addressed in paragraph 3-10. When the

difference approximation has been obtained, the solution method is described

in considerable detail.

3-3. Basic Equations and Geometry

Let T(r,t) denote the temperature at position r and time t in the ranges

0 < r < b, t > 0. The applicable partial differential equation is

L aT k aTi,,aa k !r k 8r + = PC aTr (3-1)
8r 8r r ar a '' =

where k and c depend on T and are thermal conductivity and specific heat, res-

pectively, and p is density. Axial heat conduction is neglected, since

calculations have shown an insignificant effect unless within approximately 25

mm (1 in.) of the quench front.
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The following boundary and initial conditions are given:

=T(0.t) . 0 (3-2)
8r

T(a,t) = TD(t) O<a<b (3-3)

aT =bt) -_/k (3-4)

T(r,O), the initial temperature distribution, is also given.

Equation (3-2) assures symmetry at r = 0. Equation (3-3) represents the meas-

ured temperature at an internal point a. Equation (3-4) introduces another

unknown, *, the flux to be determined'.

Since the measured temperature is given at discrete times, the partial differ-

ential equation may be viewed as a system of ordinary differential equations,
one equation for each temperature measurement. The factor 0 could then be

computed at each time step so that the measured temperature is obtained; this

approach is not used in DATAR. There are two primary reasons for considering

the transient behavior of the system: first, the experimental error in the
data, and second, the propagation time effects in the system. As shown below,

if * is computed at each time step using only the measured temperature at

that time step, then the flux and external temperature will behave erratic-

ally. The second reason, the propagation effect, occurs because the flux *
reflects the behavior of the rod at the boundary, and the temperature is meas-

ured at an internal point of the rod. The temperature propagation time of the
rod must be accounted for, since the measured temperature reflects changes in

the boundary temperature that have occurred earlier. If the propagation time

is greater than 0.5 second, then this transport effect must be allowed for by

adjusting 0 at one time step, given the temperature-measurements at future

times. A representative propagation time is not known, but rough estimates

indicate that it is greater than 0.5 second. A detailed analysis of this

phenomenon should prove useful in any future modifications of DATAR.

The spatial aspects of the problem are now considered. The physical region

under consideration (0 < r < b) is composed of n radial regions, each with
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potentially different physical properties. The result is a set of n partial

differential equations, one equation for each region. At the interface points

of the regions, temperature and heat transfer are required to be continuous.

Let d be an interface point between regions R_11 and Ri; then,

lim T(rt) = lum T(r,t) (3-5)

r c Ri11  r c R

r -d r -d

O~r~t aT( r .t)

lim Tr ~t) k(T) = lim Or k(T) (3-6)ar ar

rcR_11  r cRi

r -d r-,d

Given equations (3-1) through (1-6), the appropriate difference equation is

first derived for each region separately using equation (3-1); then the re-

gions are coupled by imposing equations (3-5) and (3-6). Equations (3-2) and

(3-4) supply the boundary values, and equation (3-3) and the initial tempera-

ture distribution are used to develop the solution for t > 0.

3-4. Difference Equations

The following approximations are used for the partial derivatives in equation

(3-1):

2 - Tr+A~t Trt ~ Ar,t)](J7
Or ar - (Ar)2 T rt) - T + Tlr -3-1

k aT k [T(r + Ar.,t) - T(r - &r,t)8r Or r L 2&r (3-8)

aT P T(rt) - T(r.t - &t, 1
pc a~" pc [ t (1-9)

The approximation of equation (3-7) neglects the term (ak/ar) (aT/Or). The

justification for this omission follows from the fact that (ak/ar) (a0/ar) is

much smaller than k/r (OT/ar), the term In equation (3-8).

3542X:1/0615833- 3-5



Since 8k 3T
8r = T ir'

ak aT
ar ar
k 38T
r ar

may be written as

r ak 3T
k Tr Tr

Now r is small, less than 0.1. It is shown in paragraph 3-10 that, for each

material, (1/k) (ak/ar) is less than 0.01. In fact, it is less than 0.001

for almost all all materials. Finally, aT/3r is a well-behaved function

of r. Therefore the term omitted from equation (3-7) is less than 0.1 percent

of the term in equation (3-8).

The approximations of equations (3-7), (3-8), and (3-9) also make use of the

fact that k and c are slowly varying functions of T. In paragraph 3-10, these

assumptions are Justified by showing that ak/8T and ac/3T are small.

Other approximations that could be used instead of equation (3-7) have been

tested; no appreciable difference can be seen between the schemes which keep k

constant and those which do not.

Note that k and c are evaluated at T(r, t - At). Here the assumption is made

that T is given at time t - At, and the procedure is advancing to time t.

Since t is given at timfn t = 0, the required initial condition is supplied.

Equations (3-7), (3-8), and (3-9) are only used inside each region; the

interface between regions is covered in paragraph 3-5.

The approximations in equations (3-7), (J-8), and (3-9) are substituted into

equation (3-1). Letting r 1 , . . ., rk denote the points in a region R and

letting ArI = rt 1  - ri and T¾ = T(rtt), equation (3-1) may be rewritten

as follows:
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B1T_ 1 T + AiT1 T C1Ti+ 1  
(3-10)

where the coefficients are given by

B1 =1 - (Ar) 1 /2(r 1 ) (3-11)

2
A1 = -2 - (picl/k 1 )(r 1 ) /1At (J-12)

C 1 1+ (fr) 1 /(2r ) (3-13)

O q;.q (P- l/kl)( 2 old

T-(pc/k)(r) /At (J-14)

In equations (3-11) through (3-14), p1 , ci, kit and q, denote the value at

the point r 1 , and Told is given by T(rt, t - At). Note that ci and

k are evaluated using the previous temperature Told. This assumption is re-

lated to the assumption used in deriving equations (3-7), (3-8), and (3-9).

In equations (3-10) through (3-14), the two points r0 and r k+1 were used;

these points reside at a distance Ar from the region r. The use of inter-

face and boundary conditions eliminates these fictitious points.

3-5. Interface Conditions

Equations (3-10) through (3-14) hold for each region. The interface condi-

tions in equations (3-5) and (3-6) are now applied and the redundant tempera-

tures are eliminated. Ignoring for a moment the left-hand boundary of region

I (the origin) and the right-hand boundary of region n (the external surface),

equation (3-10) can be written for each of the internal interface points.

For region RV, the equation for the right-hand boundary may be written

BkT k-1 + AkTk + CkTk+l =O (3-15)

Here k denotes the right-hand end point of R1 .
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For region R14.1 , the equation for the left-hand boundary may be written

B1T0 + A1T1 + CIT 2 = D; (3-16)

Here 1 denotes the left-hand end point of R +1, and primes are used on the co-

efficients and temperatures.

Because of the overlap of the regions, the temperatures Tk_1, Tk, and Tk+1
refer to the same spatial points as do T0 ', T 1 , and T2 ', respectively.

The interface conditions, equations (3-5) and (3-6), then lead to the follow-

Ing equations:

Tk = T(3-17)

k1  [ k(Ar)l] kii [2(r)i](318

Equation (J-171) requires that the temperatures are in agreement at the inter-
face point. Equation (3-18) is a difference approximation to equation (3-6),

which requires that the heat transfer out of region R1 is the same as the

heat transfer into region Ri+1 .

Equations (3-15) through (3-18) are a set of four equations in six unknowns

that may be reduced to one equation in three unknowns: the temperatures at
the interface and at the adjacent points on either side. Using Tkl, TkV

and k+1 for these temperatures, and letting

k +1 (rt
k W (Ar) i

k1  (Ar)+ 1,

equations (3-8) through (3-15) may be combined to obtain

I + I IBwTk_1 + Akik + CkTk+1 = Dk (3-19)
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where the primed coefficients are given by

$ B

Bk = BI(Bk + Ck) (3-20)

Ak - BlAk + vAICk (3-21)

I I I

Ck ' uCk(B1 + C1 ) (3-22)

Dk BlOk + aDlCk (3-23)

Equations (3-10) and (3-19) now provide a tridiagonal system for the tempera-

tures internal to the total region under consideration, 0 < r < b. For a

point internal to a region R1V equation (3-10) is used, and for interface

points, equation (3-19) is used.

3-6. Boundary Conditions

Derivation of boundary condition equations is given in the following

paragraphs.

J-7. External Surface Boundary -- Letting TN represent the temperature at

the external boundary, equation (3-10) may be written

BNTN- 1 + ANTN + CNTN1 = DN (3-24)

Further, equation (3-4) may be written in difference form as

TNOi - TN-1 - (3-25)
2?rN-l k N

Combining these two equations yields

2C ArN_

(BN + CN)TN1 + ANTN _DN+ k2 N (3-26)
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3-8. Internal Boundary -- For r = 0. equation (3-1) and the condition in
equation (3-2) may be used to derive the appropriate equation for TO. Re-

writing equation (J-1) yields

8k aT aZT k aT aT q)+r ar ATr2 +r t r A pc -. q (J-27)

At r = 0, aTWar . 0; moreover the term (1/r) (aT/ar) may be replaced by

3T/ar2 at r = 0, by using L'Hospital's rule, since aTWar 0 0. Using these
expressions, equation (3-27) may be rewritten as

2 a2T = 'O" 3T q." (-8
-- •"- k(1-28)

8r2 k at - k

The term a2 Tr 2 in equation (3-28) is approximated using (2T - 2To)2(Aro)

This expression is the standard three-point difference approximation to the

second derivative with the symmetry condition T_ = Tl being used, since

aT/ar = 0.

The difference equation may be written

AoT0 + C0Tl I a0 (3-29)

where the coefficients are given by

PoCo (Ar0 )2  (J-30)
A0 =-4 ko At

C = 4 (3-31).

-PoC 0  (Ar0 )2 (Aro0 ) 2

Sko (At) T(O, t - At) - qo ko(At) (J-32)
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Equations (3-10), (3-19), (3-26), and (3-29) form a linear tridiagonal set of

NOl equations in the NO- unknowns T0 ,...,T . However, equation (3-26)

introduced another unknown, *, but equation (3-3) leads to one of the T's.

As a result, there remain NOl equations in N+i unknowns. Let TM denote the

given internal temperature. Since k and c depend on the temperature at time

t - At, * is not brought over to the left-hand side of the equations nor

is T moved to the right-hand side. Instead, t is estimated using the

values of TM at future times. TM is treated as an unknown, thus keeping

the tridiagonal structure of the equations.

3-9. Method of Solution

Let T , (TO, ... , TN); T1 is at time t. tl is a similar vector at time

t - At. Now let A be the tridiagonal matrix:

A0 C0

B A1 C

B2 A2 C2

BN -i AN -1 CN -1

BN AN

Let S be a diagonal matrix with the i-th element given by

Pic1  (Ar 1 ) 2

k i At

Here ci and k1 are evaluated at T tAt
i i9,
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Let g be the vector with the i-th component given by

(8t2(Ar1i)2
-q•' k1 (St)

Finally, let 6 be a vector with 61 = 0; 1 = 0, ... , N-i; and 6N = ArN_1/CNkN.

Equations (3-10), (3-19), (3-26), and (3-29) may be abbreviated as

AT = DT = _ + 416 (3-33)

Again, 4o is unknown, but TM is known.

For simplicity, assume A = 1; that is, the initial data for time = 0 are

given, and the calculation is proceeding to time At.

Let Pk denote a particular solution of the following equation:

Ak = Ok- + (3-34)

with Pk-1 given. Similarly, let Hk denote a homogeneous solution of the

following:

k k-lAH = DH (3-35)

with H k- given. Begin these sequences as follows:

PO =T 0 (3-36)

and

AH1 (3-37)

Define T by 1 = P H I ;H then T1 satisfies equation (3-33) in the form

AT1 OT1 + _ + 1

3542X:1/061583 3-12



This may be proved as follows. Multiplying the equation defining by A

yields

AT1  = A(P1 + *lH1 )

- AP + * 1AH1

- OP_0 + +16

using equations (3-34) and (3-37). Notice, however, that p0  TO0 from

equation (3-36); the proof is complete.

Moreover, if

Tk . pk + kH 1 +k-1H2 + + +1 Hk (J-38)

Tk eqato (233 fokll
then T satisfies equation (J-33) for all 4l 42 . . The proof of

this result is easily given by induction.

Therefore, given T0, future temperatures may be approximated by r1 T2 , Tk

as far as necessary.

Note that the computation of P and H requires only the solving of a tri-

diagonal system with the same matrix A [see equations (3-34), (3-35). and

(3-37)].

1 2 k i
Given that T , T ... , T have been computed, the values of 4) are chosen

so that Tm agrees with data" Since there are k conditions and k
unknowns, the values of 4 may be obtained exactly. However, the experimen-

tal error in Tdata causes * to behave erratically if this procedure is

followed.

1It is more reasonable to derive a relationship between the 4t values, and

then to obtain k equations in the one unknown, * . In other implement-

tations, it is assumed that either 4 is constant (that is, 41 = 42 ... k = 4)

or that t1l is a prescribed linear or quadratic function of *)
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The approach in this study was to use the measured temperature profile to

derive a relationship between 40 and . First, the heat balance for the

whole rod may be written as follows:

q'"V - OA A -t x constant (3-39)at

where

V = volume of heated region

A = rod surface area

The aT/at term in equation (3-39) cannot be computed before o is calculated;

however, it may be estimated by

T i i~-'
8T[\ D D

sat) at

1
Here T0 is the measured temperature T Therefore equation (3-39) may be

D ~data'approximated, yielding

Ti - I

qI"V -= D - TD x constant (3-40)At1

Assuming that the constant is independent of time, and writing equation (3-40)

for both 1 and i+1, the constant may be eliminated. Solve for 4*+1 in terms

of * to obtain

4o E 1 o + F+l (3-41)

where E + and F|+ are given by

E (T' - TD )/(&t)

0T D
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F i+l [(q"6)i+1 x V - Ei+l x (q"1)i x V]I/A

This relationship predicts the future behavior of m wore accurately than

any of the aforementioned methods.

Moreover, a similar relationship may be derived for 1+2, +3. ... in terms

of 41. If these expressions for future * values are substituted into equa-

tion (3-38), there results the following expression for Tk In terms of H1,

2 k k 1
t2,... H ,P and 4)

k k I k
Tk CE +4 't

k Bk
where a and B are given by

k-l
k -k + Fk+l-, H,

5k =kH i E k+l-j Hi
J-1

Now choose €I by the standard least-squares procedure so that TIm ... Tmk

best fits T1  Tk Thus,

data' data'

k
k (T' c) x B

(dat mx =m)xm

I m m I
a and B Therefore q1 is chosen so that the computed temperatures for

the next k time steps best fit the measured temperatures for those k time

steps.

Experience with this method suggests that k = 3 is an appropriate number of

time steps.
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3-10. Variation of k and c With Respect to T

In deriving the difference.approximations for equations (J-l) and (J-4), it

has been assumed that k and c are constants and that they may be evaluated

using the temperature of the previous time step. Moreover, it has been

assumed that (1/k dk/dT) is less than 0.01. These assumptions are justified

by considering the following expressions. For each material, dk/dT,

(1/k dk/dT), and dc/dT are listed. The expressions are obtained from the

formulas in paragraph J-11. For materials in which c(T) is a linear

interpolate of a table, dc/dT has been estimated by computing the maximum

Ac/AT value, as follows:( 1 )

o Boron nitride

dk -42
d- = -8.8889 x 10 Btu/hr-ft-F 2

1 dk -8.8889 x 10-4 -1
k dT - 14.778 - 8.8889 x 10-4T

dc = (0.333492) 1.3611 x 10- 3e - (1.3611 x 10-3 T) Btu/lbm-OF 2

o Kanthal

dk= 4.3 x 10-3 Btu/hr-ft-°F2

1 dk. 4.3 x 10-3 -1
k dT - + 4.3 x 10 T

dc 2
dT = 0.0003 Btu/lbm-*F

1. The results of these computations are given in English engineering units,
the form in which the data are analyzed by the code.
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o Magnesium oxide

dk (121.814) 0.010722 e-0"10722T - 2 (7015.835a Btu/hr-ft-_F 2

dT T 2

121.814 0.01022 e-o.010722T - 2 (7015.835)

1 dk T 2 OF-I
id FT0.2529 - 121.814 e-0O0 10 7 22 T + 7015.635

T

-3
-3 (-1.33715 x 10dc

dl

T) 2
Btu/lbm-*F= (0.111256) 1.33715 x 10 e

o Nichrome V

dk 5.75 x 10-3 Btu/hr-ft-OF 2

dIf

I dk 5.75 x 10-3 -1
k dT - 5.2 + 5.75 x 10-3 T

dc2d- 0.0002 Btu/lbm-OF 2

o Stainless steel 304

dk -
dk 4.2 x 10. Btu/hr-ft-F 2

1 dk 4.2 x 10-3 -1
k dT 8.4 + 4.2 x 10-3 T

dcd =0.001 Btu/lbm-°F2
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0 Stainless steel 316

dk 4.3 x 0- 3Btu/hr-ft-*F2

1 dk 4.3 x 10-3 OF -1
7 dT 1.5 + 4.3 x 10CT

dc- 0.001 Btu/lbm- OF2

0 Stainless steel 347

dk 4.2 x 10- 3 Btu/hr-ft-*FF2

dT =

1 dk - 4.2 x 10- 3 F-1
k dT 8.3 + 4.2 x 10-3 T

dc -5 2= 2.8 x 10 Btu/lbm-°F

For each material, excluding dk/dT and (1/k dk/dT) for magnesium oxide, it is

clear that temperature derivatives and the (1/k) (dk/dT) term are appropri-

ately small. Because of the special form of k(T) for magnesium oxide, the

analysis of dk/dT and (1/k) (dk/dT) is more complicated. The interaction of

the negative exponential term and the 1/T term makes precise estimates diffi-

cult. An alternative approach is to consider the original data. The k(l)

functions fit the following table:

T [°C (OF)] k [w/m -K (Btu/hr-ft-°F)]

212 20.8

392 16.33

152 9.53

i112 6.6S

1472 4.91

1832 4.04

2192 3.53
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The maximum Ak/AT for this table is 0.02 In the interval between 1000C and

2000C (2120F and 3926F).

The corresponding (1/k) (hk/AT) value is 0.001, as required.

3-11. Material Properties

DATAR contains a built-in library of pertinent material properties which are

unalterable by the user, to avoid potential errors and inconsistencies. Ther-

mal conductivity and specific heat versus temperature curves are built in for

each of the materials shown in table 3-1. A constant density is built in for

each of the materials, with the exception of magnesium oxide and boron nit-

ride. In these two cases, the user must supply the density for the appropri-

ate material. The thermal conductivity and specific heat of boron nitride are

not a function of the density, since the heater rods are highly swaged, which

provides for approximately 95-percent theoretical density. Note that the

thermal conductivity of magnesium oxide depends on the density.

Each thermal conductivity or specific heat is calculated by either a least-

squares fit to available data or a linear interpolation from a table of avail-

able data. Table J-1 gives the source of the data for each material. A

summary of the methods used for each material follows:

o Boron nitride

k = 25.571 - 0,00276 T w/m-°C

(14.778 - 8.8889 x 10-4 T Btu/hr-ft-°F)

Cp a 2017.74 - 1 39 6 . 2 6 e-0.0029 5T J/kg-°C

(0.48193 - 0.333492e 1 3 611 x 10-3T Btu/lb-*F)

p = input quantity [kg/m3 (lb/ft 3 )]

o Kanthal

V = 16.789 + 0.0134 T w/m-°C (9.7 + 4.3 x 10-3 T Btu-hr-ft-°f)
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TABLE J-1

MATERIAL PROPERTY DATA SOURCES

Material Property Source of Data

Boron nitride K (a)
Cp Touloukian(b)
p Supplied by user

Kanthal K (c)
Cp (c)
p Supplier(d)

Magnesium oxide K Kingery, et al.(e)
Cp Touloukian(b)
p Supplied by user

Nichrome V K Touloukianjb)
Cp Touloukian(b)
p Touloukian(b)

Stainless steel 304 K WCAP-2808(f)
Cp Touloukian(b)
p Touloukian(b)

Stainless steel 316 K WCAP-2808(f)
Cp Touloukian(b)
p Touloukian(b)

Stainless steel 347 K WCAP-2808(f)
Cp Touloukian(b)
p Touloukian(b)

Air K Baumeister(g)
Cp Baumeister(g)
p Baumeister(g)

a. The thermal conductivity of powdered boron nitride is dependent on
several factors. The formula used for this quantity reflects an
engineering Judgment which considers those factors pertinent to the
Westinghouse use of this material.

b. Touloukian, Y. S., Thermophysical Properties of High Temperature
Solid Materials, Macmillan, New York, 1967.

c. This quantity has been derived as a function of temperature from
data obtained on materials of similar composition.

d. "Physical Properties of Kanthal Alloys,* G-45-O, The Kanthal
Corporation, Bethel, CT.

e. Kingery, W. D., et al., lThermal Conductivity
Oxide Materials Corrected to Zero Porosity,* J
107-110 (1954).

X. Data for Pure
Am. Ceram. Soc. 37,

f. Marti Balaguer, L., OMPD Materials Design Manual, WCAP-2808, July
1966.

g. Baumeister, T., Mechanical Engineers Handbook, 6th edition,
McGraw-Hill, New York, 1958.
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Cp -linear interpolation from the following:

T [OC (OF)] Cp [3/kg-*C (Btu/lb-*F)J

-32 ( 0) 456.4 (0.109)

648 (1200) 753.6 (0.180)

760 (1400) 1172.3 (0.280)

871 (1600) 745.2 (0.178)

1204 (2200) 779.6 (0.185)

p 7144.2 kg/m3 (446.0 lb/ft )

0 Magnesium oxide

k pMg0 (0.0273 - 13.15e- 0 "0 1 9 2 T + 420.9/T)/223 w/m-°C

(P~O (.259 -121814-0 010122T
(0.2529 - 121.814e- + 7015.835/T)/223 Btu/hr-ft-°F]

Cp 1377.353 - 465.805e- 0 0 0 2 40 6 T J/kg-9C

(0.328976 - 0.111256e-1.33715x0-3 T Btu/lb-°F)

p input quantity [kg/m3 (lb/ft 3)]

o Nichrome V

k 8.997 + 0.0179 T w/m-°C (5.2 + 5.75 x 10-3 T Btu/hr-ft-°F)

Cp = linear Interpolation from the following:
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r [°C
-32

260

482

593

704

816

871

982

(OF)]

(0)

(500)

(900)

(1100)

(1300)

(1500)

(1600)

(1800)

Cp [J/Kg-°C

427.1

502.4

535.9

577.8

623.8

653.1

661.5

653.1

(Btu/lb-°F)]

(0.102)

(0.120)

(0.128)

(0.138)

(0.149)

(0.156)

(0.158)

(0.156)

p = 8361.63 kg/m3 (522.0 lb/ft )

o Stainless steel 304

k = 14.535 + 0.01308 T w/m-°C (8.4 + 4.2 x 10-3 T Btu/hr-ft-°F)

Cp = linear interpolation from the following:

-r

-32

149

260

371

482

593

816

926

1038

1093

[°C (F)]
0

(300)

(500)

(700)

(900)

(1100)

(1500)

(1700)

(1900)

(2000)

-Cp [J/kg-°C

372.6

372.6

378.9

389.4

404.0

420.8

458.4

475.2

483.6

485.7

(Btu/lb-°F)]

(0.089)

(0.089)

(0.0905)

(0.093)

(0.0965)

(0.1005)

(0.1095)

(0.1135)

(0.1155)

(0.116)

p - 8025.2 kg/m3 (501.3 lb/ft )

0 Stainless steel 316

k w 12.978 + 0.01339 1 w/m-*C (7.5 # 4.3 x 10-3 1 Btu/hr-ft-°F)
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Cp = linear interpolation from the following:

T [°C

-32

204

315

427

871

1038

1204

(OF)]

(0)

(400)

(600)

(800)

(1600)

(1900)

(2200)

Cp [,/kg-*C

439.6

510.8

540.1

561.0

619.6

659.4

703.4

(Btu/lb-°F)]

(0.105)

(0.122)

(0.129)

(0.134)

(0.148)

(0.1575)

(0.168)

p 1 7949.96 kg/mr3 (496.3 lb/ft 3)

o Stainless steel 347

k . 13.064 + 0.0143 T w/m-°C (7.55 + 4.58 x 10-3 T Btu/hr-ft-°F)

Cp = 447.99 + 0.211 T J/kg-°C (0.107 + 2.8 x 10-5 T Btu/lb-°F)

p = 7905.1 kg/mr3 (493.5 lb/ft 3 )

o Air

k 20.91 x 10-5 (T + 273)0.846 w/m-°C

(7.35 x 10 (T + 460) Btu/hr-ft-°F]

Cp = 1009.02 3/kg-°C (0.241 Btu/lb-°F)

p 1.201 kg/m3 (0.075 lb/ft )

Although the option is generally only used in the heater region. DATAR permits

a mixture of any two materials to exist in any radial region. In this in-

stance, the properties at each node in the region must be adjusted to account

for the effect of the mixture. This is accomplished as follows:
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Let
x - volume fraction of material A

PA' KA. CA - properties of material A

PB. KB, CB - properties of material B
p, C mixture properties

Then

P = xPA + (1 - x) PB

K = xKA + (I - x)K8

XPACA (1 - x) PB CB

P P

This formulation provides an exact accounting of the mixture heat capacity and
a parallel conduction path approximation for the effective thermal conductiv-
ity. The approximation to the mixture thermal conductivity is not expected to
introduce any significant error, however, since the only mixed region for a
normal case is the second radial region, which conducts less heat than any of

the more exterior regions.

3-12. EFFECT OF POWER STEP ON HEAT TRANSFER COEFFICIENT

During the self-aspirating steam probe shakedown tests prior to the 21-rod
bundle testing, it was learned that the thermal response could be improved by
drying out the steam probe prior to flood. Therefore, the 21-rod bundle was
heated up to a rod temperature of 8710C (16000F) at a slow rate [1.3 kw/m (0.4
kw/ft) peak] to evaporate water trapped within the steam probe. The power was

subsequently stepped up to the specified value at time of flood. However,
approximately 2 seconds after flood was required for the power to achieve the
specified value. After achieving the specified value, the power was decayed
according to the ANS + 20 percent curve. This rapid power increase during
flood initiation caused the DATAR code-calculated heat transfer to initially

decrease, turn around, and then increase as flooding continued.
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Although it was concluded in the 21-rod bundle program that the power step at

flood initiation had a negligible effect on the reflood heat transfer data,

the computer software was changed in the 163-rod bundle to allow this power

step prior to flood, as shown in figure 3-1. The corresponding effects on the

measured rod temperature and calculated heat transfer coefficient are shown in

figure 3-2.

3-13. QUENCH PROGRAM

The QUENCH program was utilized for reduction of heater rod and housing

thermocouple data. lhiss program was designed to determine the following

quantities:

o Initial temperature

o Maximum temperature

o Turnaround time

o Quench time

o Quench temperature

The initial temperature or temperature at flood time was determined by inter-

polating between the temperature recorded at the last negative time (preflood)

and the temperature recorded at the first positive time (postreflood). The

maximum temperature was determined by simply searching for that temperature,

and the turnaround time was the time at which the maximum temperature occurred.

To determine the quench time and temperature, the following method was used.

The program advances sequentially through all the data for each thermocouple

channel, looking at five points at a time [T(t) at 1 through 1 + 4, figure

J-3]. The first criterion applied is that the temperature, T(t), must be

greater than 1490C (300*F) to qualify as a potential quench condition. If it

is not, the remaining criteria are skipped.

The second criterion checks whether the slope of the temperature-time curve

between the third and fourth points is greater than 280C (500F) per second,

that is, whether
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1(1 + 3) - T(1 + 2) < -28°C/sec (-50OF/sec)
t(l + 3) - t(l 4 2)

The decision whether a quench exists or not is made on this basis. If not,

the remaining criteria are skipped and the program advances to the next data

point.

The third criterion checks whether the absolute value of the slope between the

third and fourth points is two times greater than the absolute value of the

slope between the first and second points, that is, whether S2 > 2S1 . If so,

a quench condition exists. If not, the program skips out of the search and

advances to the next set of data points.

Finally, the program checks the absolute value of the slope between the fourth

and fifth data points (S' 2 ) and compares it to the absolute value of the

slope between the third and fourth points (S 2 ).

If S 2 > S2 , then the quench time and temperature is defined to be the inter-

section of L'1 and L', (figure 3-4).

The QUENCH program also calculates a quench front curve based upon a curve fit

of the average quench time for each elevation. This quench front curve is

subsequently differentiated with respect to time in order to obtain a quench

front velocity.

3-14. FFLOWS PROGRAM

The FFLOWS program was utilized to calculate mass balance and void fraction

for each reflood test. This program is a modification of the mass balance

program used in the FLECHT SEASET 21-rod bundle test series.01

The following calculations were performed:

o The injected mass was calculated from the inlet turbine meter.

o The liquid collected was calculated from the differential
pressure cells on the carryover tank, upper plenum, and steam
separator tanks, assuming all differential pressure was
elevation head with water at the saturation temperature.
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o The steam flow was calculated from the orifice plate differen-
tial pressure cell using the measured steam temperature and
local pressure to obtain the steam density.

o The mass storage in the test bundle was calculted using the 0 to
3.56 m (0 to 140 in.) differential pressure cell reading (cor-
rected for frictional pressure drop).

o The mass storage in the downcomer was calculated from the
differential pressure transmitter for the gravity reflood tests.

Between 0.494 and 3.41 kg (1.09 and 7.52 lb) of water collected in the aspira-

ting steam probe collection tanks during a reflood test. This mass represents

approximately 0.17 to 1.44 percent of the in3ected mass. When this mass was

added to the total mass flow out of the system and the mass collection in the

test system, the forced reflood test mass balance was usually within plus or

minus 4 percent, with an average of 2.6 percent, and the gravity reflood test

mass balance was within 1 percent, with an average of 0.4 percent. The per-

cent mass aspirated through the 17 bundle thimble tube steam probes for each

test is shown in figure 3-5 as well as the total aspirated mass (17 bundle

steam probes and 3 upper plenum and exhaust line steam probes).

In addition to calculation of the mass flows through the test system, the

space-averaged vold fraction was calculated from the measured pressure drop

over each of the 0.30 m (12 in.) sections of the bundle. The measured pres-

sure drop consists of three effects: elevation head, frictional pressure

drop, and acceleration pressure drop due to liquid vaporization:

AP ZAP +AP +AP

measured elevation acceleration friction

The relative magnitude of each of these components was examined in the FLECHT-
SET Phase A report.(1) It was concluded that the vapor elevation head and

the acceleration pressure drop were completely negligible and that the fric-

tional pressure drop was a second-order effect compared to the liquid elevation

head. The small frictional pressure drop for a gravity reflooding situation

is attributed to the high injection rate, which quickly absorbs the bundle

1. Blaisdel, J. A., et al., "PWR FLECHT-SET Phase A Report," WCAP-8238,
December 1973.
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energy. Therefore, the steam generation rate is small during the transient.

It was felt that forced low flooding rate tests would result in such substan-

tial evaporation of the injected flow that frictional pressure drop could be

important during the transient. Because the 12 axial differential pressure

cells on the test bundle were plus or minus 3.7 X 103 Pa (± 15 in. wg) pres-

sure transmitters, the frictional pressure drop could be accurately accounted

for in the tests. In this fashion, if the frictional pressure drop was calcu-

lated for a test, this value could be subtracted from the measured pressure

drop to obtain the liquid elevation head, and therefore, the space-averaged

void fraction.

The frictional pressure drop was calculated as

AP = fl + K g bVb

friction e 2g) c

where

L length = 0.30 m (12 in.)

Pb= bundle steam density evaluated from the average of 26 bundle
steam probe readings at respective elevations and test
section pressure

Be bundle hydraulic diameter = 4 (flow area)/wetted perimeter

Vb = bundle steam velocity obtained from the mass flow rate
through the exhaust orifice-plate = M/(pb x bundle flow
area)

f = friction factor

= 64/Re for Re<2000
3 e 106, / l

= 5.5 x 10-3 1.0 + (20000 -+-) 1/3 (1) for Re>2000
De Re

Kg = grid pressure loss coefficient

CvE2 (2)

1. Flow of Fluids Through Valves, Fittings, and Pipes, Crane Co., New York,
1979.

2. Rehme, K.. "Pressure Drop Correlation for Fuel Element Spacers," Nucl.
Technol. 17, 15-23 (1973).
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Cv = 6.5 for Re > 30,000

196 Re- 0 - 3 3 for Re < 30,000

E Agrid/Abundle

In calculating the frictional pressure drop, the criterion used to determine

when the frictional pressure drop was important relative to the elevation head

within a 0.30 m (12 in.) span was whether the measured axial differential

pressure for that span was 0.014 MPa (0.21 psid) or greater (a-SO percent).

The span was considered to be full of water or two-phase mixture. In this

case, no frictional pressure drop was calculated for that span. It should be

noted that the pressure drop across a totally full 0.30 m (12 in.) span is

0.0029 MPa (0.42 psid) for saturated water at 0.38 MPa (40 psia). If the

measured differential pressure was less than 0.0014 MPa (0.21 psid) for a

given span, then the frictional pressure drop was calculated for the entire

span and its value was subtracted from the measured pressure drop to obtain

the elevation pressure drop component. The calculated elevation pressure drop

was then used to calculate the mass storage and the void fraction within the

0.30 m (12 in.) span.

That is,

a 0 measured " LPfriction)

Psat liquidgL

where L = the distance between the differential pressure cells [0.30 m

(12 in.)].

Examples of the calculated frictional pressure drop for the entire bundle for

three tests are shown in figures 3-6 through 3-8. These frictional pressure

drop values represent the summiiation of all the individual 0.30 m (12 in.) span

frictional pressure drops for the bundle in which the measured pressure drop

was less than 0.0014 KPa (0.21 psid) in each span. As these figures show, the

calculated frictional pressure drop was less than 10 percent of elevation head

for runs 61106 and 61509, averaging approximately 0.00007 to 0.00029 MPa (0.01

3542X:1/061783 J-35
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to 0.042 psid) for each 0.30 m (12 in.) span. The calculated frictional pres-

sure drop decreased with time approximately the same as the steam flow history

from the rod bundle. the oscillations in the calculated frictional pressure

drop were due to steam flow oscillations caused by the pressure control valve

variations during the test. The maximum calculated frictional pressure drop

per 0.30 m (12 in.) span of only 10 percent of the elevation pressure drop for

a 50-percent void fraction mixture in that span was considered a small correc-

tion to the measured pressure drop.

When the stepped flooding rate test (run 61916) was conducted, a different

trend was observed in the frictional pressure drop, as shown in figure 3-8.

Initially, the calculated frictional pressure drop was greater than 20 percent

of the elevation head, because of the large burst of steam flow generated by

the high flooding rate. The steam flow stayed high for an additional 10 sec-

onds after the high injection period ended. The large steam flow was due to

the boiloff of the high injected mass. Once this mass had been boiled and

entrained out of the bundle, the steam flow and resulting frictional pressure

drop decreased significantly, and was quite small to the end of the test.

Therefore, the void fractions calculated at early times in variable flooding

rate tests must be evaluated carefully, since the frictional pressure drop is

large.

In general, it can be concluded that the frictional pressure drop is small

relative to the water elevation head and can be accounted for by the method

outlined above. The only case in which the frictional pressure drop becomes

large compared to elevation head pressure drop is the very early period of

forced stepped injection tests, in which a large amount of boiloff occurs.

In the FFLOWS code, a comparison between the two methods of measuring the mass

stored in the bundle was performed. The two methods include the 0 to 3.66 m

(0 to 144 in.) differential pressure cell and the sum of the 12 0.30 m

(12 in.) differential pressure cells. As shown in figure J-9 for run 61106.

good agreement was acheived for the two measurement methods.
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In the gravity reflood tests, a mass balance calculation was performed around

the downcomer. The flooding rate Into the bundle was calculated using the

following equation:

t
Hinput =f

0

t
Minput dt f min,1 dt - MD(t)0

where

M nput mass of water in the bundle

minput = mass flooding rate into the bundle

mtnj = mass injection rate into the downcomer

Mo D mass of water in the downcomer

The flooding rate into. the bundle, minput, was obtained from the time rate

of change of mass put into the test section, Ktnput* The injection rate

into the downcomer was measured by the turbine meter. The mass stored In the

downcomer was calculated using the output of the differential pressure trans-

ducer which measured the liquid level in the downcomer. Bundle flooding rates

calculated with this technique are shown in figure 3-10, along with the down-

comer injection;rate.

3-15. DATA AVERAGING

A simple averaging technique was used for reducing much of the data presented

In this report. This was done to clarify graphic presentation of results and

to obtain average values of oscillating quantities where use of the instant-

aneous values could result in large errors. The technique used consisted of

replacing each data point with the mean value of the original data point and a

specified number of points before and after the time of interest. This

process is defined by the following equation:

x(i) -tji + A 1) - fi~i - nI 4t
x(n) + x(n +1)

2
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where

x(n) - f(t)
At a interval between data points

Al = n x At

n a integer
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APPENDIX K

BUNDLE GEOMETRY ANALYSIS

The posttest examination of the 163-rod blocked bundle revealed that the pin

connecting the filler rods broke at the inidplauie elevation [1.83 mn (12 in.)].

as had previously been observed in the 21-rod bundle tests. The filler rods

were found to be slightly bowed into the bundle; this subsequently caused some

heater rod bow on the periphery of the bundle. As observed through the 1.83 m

(72 in.) window prior to bundle removal, there was minimal separation between

the lower grid assembly and the upper grid assembly, which is attached to the

upper seal plate. However, in removal of the bundle from the housing, the

lower grid assembly moved down approximately 0.46 mn (18 in.), as shown in

figure K-1, a posttest photograph of the entire bundle. There was also some

filler rod bow in the grid span just above the inidplane [2.10-2.62 mn (83-103

in.)], as shown in figure K-2. The remainder of the bundle was observed to be

essentially unchanged from its nominal pretest geometry, except for heater

rod, filler rod, and blockage sleeve surface oxidation.

The heater rod bundle was disassembled row by row starting from row 0, and

photographs were taken of the grid span for each row with the blockage

sleeves. The relationship of the blockage islands to the photographs is shown

in figure K-3. The pretest and posttest photographs for the eight rows with

blockage sleeves (rows D through K) are shown in figures K-4 through K-19.

These figures show that the interior of the bundle was unaffected by the

filler rod and heater rod bow on the periphery of the bundle. However, it was

found that 7 of the 42 blockage sleeves had rotated. As shown in figure K-3.

six of the seven blockage sleeves rotated only approximately 30 degrees, but

one sleeve (on rod 6D) rotated approximately 90 degrees.

From the disassembly and inspection of the bundle, it has been concluded that

the geometry of the heater rod bundle did not significantly affect the test

data.
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Figure K-1. 163-Rod Blocked Bundle, Posttest

K-2
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Figure K-2. Filler Rod Bow in 163-Rod Blocked Bundle
[2.10-2.62 m (83-103 in.) Grid Span
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Figure K-7. Row E Heater Rods, Posttest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-9. Row F Heater Rods, Posttest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-11. Row G Heater Rods, Posttest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-13. Row H Heater Rods, Posttest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-1S. Row I Heater Rods, Posttest, 1.57-2.11 mGrid Span (62-83 in.)
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Figure K-16. Row 3 Heater Rods, Pretest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-17. Row 3 Heater Rods, Posttest, 1.57-2.11 m (62-83 in.)
Grid Span
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Figure K-19. Row K Heater Rods, Posttest. 1.57-2.11 m (62-83 in.)
Grid Span
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