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EPRI PERSPECTIVE

PROJECT DESCRIPTION

A major consideration in the design of engineered safety systems and licensing of

PWRs is that there is sufficient heat transfer to cool the reactor core in the event of

a loss-of-coolant accident (LOCA) or for long-term decay heat removal. Areas of

technical concerns include reflooding (large-break LOCA), core uncovery (small-break

LOCA), and natural circulation (long-term cooling). A program called FLECHT

SEASET (Full-Length Emergency Core Cooling H1eat Transfer--Separate-Effects Tests

And System-Effects Tests) is under way to address these concerns. It is a multi-

facility six-year test and analysis program. The program is jointly managed and

funded by NRC, EPRI, and Westinghouse Electric Corporation (W). This work for

RP959-1 is closely coordinated as appropriate with major national and international

research programs in the heat transfer areas of natural circulation, reflooding, and

core uncovery.

PROJECT OBJECTIVE

The overall objective of this program is to provide experimental heat transfer and

two-phase flow data in simulated PWR geometries for postulated conditions of

reflooding, core boiloff, and natural circulation. The test parameters cover a

spectrum of conditions that encompass both the best-estimate and current licensing

calculations. The test bundle simulates a full-length portion of PWR cores, with fuel

rod geometry typified by a W 17 x 17 assembly design.

The program consists of two major subprograms, each with experimentation and

analysis efforts: (1) the flow blockage subprogram to address safety and licensing

requirements for steam cooling and the flow blockage effects and (2) the system

effects subprogram to examine system and bundle reflood response for a postulated

LOCA. Both subprograms have flexibility to address small-break core uncovery and

natural circulation phenomena.
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PROJECT RESULTS

Accomplishments to date are documented in the following FLECHT SEASET Program

NRC/EPRI/W reports:

1. Report No. 1-Program Plan, December 1977

2. Report No. 2-Steam Generator Separate-Effects Task Plan, March
1978

3. Report No. 3-Unblocked Bundle Reflood Task Plan, March 1978

4. Report No. 4-Steam Generator Separate-Effects Task Data Report,
January 1980

5. Report No. 5-PWR FLECHT SEASET 21-Rod Bundle Flow Blockage
Task-Task Plan Report, EPRI Interim Report NP-1382, October 1980

6. Report No. 6-PWR FLECHT SEASET 161-Rod Bundle Flow Blockage
Task-Task Plan Report, EPRI Interim Report NP-1458, January 1981

7. Report No. 7-PWR FLECHT SEASET Unblocked Bundle, Forced and
Gravity Reflood Task Data Report (Volumes 1 and 2), EPRI Interim
Report NP-1459, September 1981

8. Report No. 8-PWR FLECHT SEASET Unblocked Bundle, Forced and
Gravity Reflood Task-Data Evaluation and Analysis Report, EPRI
Topical Report NP-2013, February 1982

9. Report No. 9-PWR FLECHT SEASET Steam Generator Separate-
Effects Task-Data Analysis and Evaluation Report, EPRI Topical
Report, NP-1461, February 1982

This report, presented in two volumes, systematically compiles the experimental data

obtained from the 21-rod bundle forced reflooding, gravity reflooding, and steam

cooling tests. There were six 21-rod bundle configurations to account for various

blockage shapes and distributions. The report describes in detail the test loop, the

instrumentation, the test procedure, the data reduction methods, and an uncertainty

analysis. Also included is the analysis of data in terms of the thermal-hydraulic

parameters such as the quenching rate, the flow loss coefficient, and the heat transfer

coefficient. Data obtained from specific blockage configurations were compared with

the reference case of straight bundle without blockage. The result indicates that flow

blockage can greatly enhance the local heat transfer in the vicinity of the blockage.

iv



This could alleviate the NRC Appendix K licensing concern about the core coolability

in the event of a large-break LOCA. The report should be useful to those who are

interested in reactor safety analysis.

Bill K. H. Sun, Project Manager
Nuclear Power Division
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ABSTRACT

This report presents data and limited analysis from the 21-Rod Bundle Flow Blockage

Task of the Full-Length Emergency Cooling Heat Transfer Separate Effects and Sys-

tems Effects Test Program (FLECHT SEASET). The tests consisted of forced and

gravity reflooding tests utilizing electrical heater rods with a cosine axial power profile

to simulate PWR nuclear core fuel rod arrays. Steam cooling and hydraulic characteris-

tics tests were also conducted. These tests were utilized to determine effects of

various flow blockage configurations (shapes and distributions) on reflooding behavior,

to aid in development/assessment of computational models in predicting reflooding

behavior of flow blockage configurations, and to screen flow blockage configurations

for future 163-rod flow blockage bundle tests.
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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 pur-

posely 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 (CRC) -- a nominal rod-to-rod pitch of 12.6 mm (0.496 inch) and

outside nominal diameter of 9.50 mm (0.374 inch) 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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APPENDIX K

DATA TABLES AND PLOTS

This appendix contains a sampling of data collected for each of the six 21-rod bundle

test configurations. All the valid measured data and reduced data are available in the

NRC Data Bank. The data reported herein represent those data measured and subse-

quently reduced for each of the four types of tests: hydraulic characteristics tests,

steam cooling tests, forced reflood tests, and gravity reflood tests. The data have not

been analyzed or evaluated in great detail, and caution should be observed that errone-

ous data may exist despite efforts made to ensure correct and valid data. A data

evaluation report, to be published at a later date, will present the results of the data

analysis in greater detail.

For each of the six bundles, the heater rod thermocouples and steam temperature

instrumentation which were found to provide valid data for each of the reflood and

steam cooling tests are shown in tables K-1 through K-6. Generally there were few

bundle instrumentation failures except for configuration D. Table K-7 lists the tests

which were considered invalid and the reasons for the invalidity. Table K-8 lists the

tests which were found to be valid but, for the reasons stated, were not considered

suitable for further analysis. The measured data for these tests will also be available in

the NRC Data Bank.

For each valid reflood test run, the following tables are included:

Summary and Comment Sheet - lists the type of test, as-run test conditions,

summary results, and comments on the as-run test conditions relative to the perti-

nent unblocked bundle test

-- Heater Rod Temperature Data - lists the characteristics of the temperature his-

tory for heater rod thermocouples at the same location for all six bundles
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Heater Rod Temperature Statistical Data - lists the maximum, minimum, and

average of the temperature characteristics of all heater rod thermocouples as a

function of elevation

For the hydraulic characteristics tests, only the Summary and Comment Sheets are

provided.

Tables of heat transfer data are included with the Summary and Comment sheets for

the steam cooling tests. (See paragraph 6-12 for actual flow.)

For the reference forced reflood test in each of the six bundles, the following plots are

included to illustrate the data available from the NRC Data Bank:

Heater rod temperatures and

the following locations:

Elevation

Rod [ m (in.)]

4C 0.99 (39)

2D 1.90 (75)

3C 2.01 (79)

3D 2.44 (96)

4B 3.05 (120)

IC 1.22 (98)

4B 1.93 (76)

3D 2.13 (84)

4B 2.59 (102)

4C 3.35 (132)

2A 1.52 (60)

3D 2.01 (79)

3B 2.29 (90)

3D 2.82 (111)

1B 3.51 (138)

heat transfer coefficients calculated by DATAR for

Computer Channel Number

A B C D

11 11 11 9

53 53 53 50

95 95 95 97

98 136 136 137

164 164 164 163

14

68

115

145

170

17

79

124

154

172

14

68

115

145

170

17

79

124

154

172

14

68

115

145

170

17

79

124

154

172

10

66

115

145

169

13

98

125

155

170

E

10

39

72

129

164

12

52

98

143

169

16

86

115

150

171

F

6

39

69

138

168

7

51

113

153

172

12

85

125

159

174
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-- Bundle. vapor temperatures for the following locations:

Vapor Temperature

Measurement

Elevation Type of

[m (in.)]/Subchannel Instrument A

Computer Channel Number

B C D E F

1.50 (59)/10

1.98 (78)/11

2.44 (96)/10

3.05 (120)/14

3.05 (120)/6

1.70 (67)/11

1.98 (78)/8

1.98 (78)/9

2.29 (90)/10

2.82 (111)/10

Steam probe

Steam probe

Steam probe

Bare fluid

Steam probe

Steam probe

Bare fluid

Steam probe,

Steam probe

Steam probe

200

192

186

181

179

198

194

193

189

183

180

188

195

198

199

184

186

187

191

180

188

195

198

199

184

186

187

191

180

188

195

198

199

184

186

187

191

180

188

195

198

199

184

186

187

191

180

188

195

198

199

184

186

187

191

197 197 197 197 197

-- Housing wall temperatures for the following locations:

Thermocouple Elevation

[ m (i n.)]

1.22 (48)

1.52 (60)

1.83 (72)

2.44 (96)

3.05 (120)

Channel Number(a)

261

263

267

275

281

a. Same for all six bundles
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-- Filler rod temperatures for the following locations:(1 )

Filler Rod

Thermocouple Location

Computer Channel Number

B C D E F

1.82

1.98

2.13

2.13

2.98

m (72 in.) at 450

m (78 in.) at 3150

m (84 in.) at 450

m (84 in.) at 3150

m (111 in.) at 3150

207

210

208

211

212

210

211

213

212

215

210

211

213

212

215

211

212

214

213

216

211

212

214

213

216

Blockage sleeve temperatures for the following locations:(1)

Blockage Sleeve

Thermocouple Location

Computer

B C

Channel Number

D E F

Elevation

I n(in.)]IRod

4D

4B

2D

3C

3D

3B

3A

4D

3C

3C

3C

3C

1.79 (70)

1.83 (72)

1.85 (73)

1.85 (73)

1.85 (73)

1.85 (73)

1.85 (73)

203 207

203 203 203

205 206 -

204 204 = =

205 206 - - -

- - 207 - =

..-. 204

1.85 (73)

1.90 (75)

1.90 (75) at

1.90 (75) at

1.90 (75) at

206 203

1350

1120

900

208 -

- 207

208

209

207

208

209

1. Not applicable to configuration A
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Fluid and exit vapor temperatures for the following locations:

Temperature Measurement Location Computer Channel Number(a)

Lower plenum 291

Upper plenum 293

Upper plenum aspirating 295

steam probe

Exhaust line aspirating steam 311

probe downsteam of upper plenum

Exhaust line aspirating steam 313

probe downstream of steam

separator

a. Same for all six.bundles

-- Overall bundle level, steam separator, and carryover tank levels for the following

locations:

Fluid Level

Location Computer Channel Number(a)

Housing 348

Upper plenum 347

Carryover tank 349

Steam separator drain tank 351

Steam separator 350

a. Same for all six bundles
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-- Flooding rate

-- Exhaust steam flow rate

-- Overall mass balance

-- All heater rod and housing quench times as a function of elevation

-- Heater rod bundle axial differential pressures and void fractions

K--6



TABLE K-1

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 0.30 m (12 in.) ELEVATION

18 IC 10 2A 28 2C 20 2F 3A 38 3. 30 3E 4A 48 4C 40 4E 58 5C 50NI I-A F p

41 QJ A
4?10PA

4 74 30 A
42!141

427351
42PI4A
42q07 A
4 3013A
43112*
43 , -
4?351!
43610 A
4371 a

44117A
44303*
4440!1

447 A

I

1
1

1

1

1
1
1
1
I
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
.4
4
4
4
4
4

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 0.61 m (24 in.) ELEVATION

18 1iC 1) 24 20B 2C 2D 0 E 3BA 3d 3C 3D 3E 4A 48 4C 40 #4E 58 5C 5D

41Q1P I

42430A
4 "514A
47114*426" AA
421".,
42 , 0 4 A

43013 6
43112A
4320 A

436,01*

A'A 71 ýýA
43916A
441176
44303A
44401 A
44"31 A
4440 A

5
5

5

5

5
5

S
5

S

I
S
5

5
I
5

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 a
7 a
7 8
7 8
7 1
7 8
7 8
7 8
7 a
7 8
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TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 0.99 m (39 in.) ELEVATION

14 1 0 C 1 2A 28 2C 2D 2E 3A 3d 3C 31 3F f A 48 4C 40 4 E 56 5C 50
PUl

Nt1'" P

'215) P A

'2217 A
474304
42514 A

426:)A A47705 A
4 2 A 4 A
42037 A

43117A
4321-A

43511 A
436.11) A
4371 5•
430161

44117 A
443134
44411
44-710A
44612A

9
9
9
9
9
9
9
9
9
9
9

q
9
9
9
9

9
9

10 11
10 11
10 11
10 11
10
I V
1 Q
10
I0,
10
10
10
10

1V
10
I u

10
10

10

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.22 m (48 in.) ELEVATION

RUN

410004

4211-1A
47?07a

42514 A
42636A
4273-5 ,
4 2 ;1)4 at
42 57£
43013£
43112
432mP a

436104
4 3715 A
43916£
44117A
443133£
444^1A
44529£
444)02 A

1a IC 10 2A 28 2C 2D 2E 3A 38 3C 3D 3E 4A 48 4C

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

14
14
14
14
14
14
14
14
14
14
14
14
14
1 4
14
14
14
14
14
14
14

4D 4E 5B

15 16
15 16
15 10
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 1b
15 16
15 lb
15 16
15 16
1.5 lb

5C 5D
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TABLE K-i (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.52 m (60 in.) ELEVATION

QtIN

NUF 15 IC 13 2A 2B 2C 2D ZE 3A 38 3: 3D 3E 14A 48 4C 4D 4E 58 5C 50

41OOrA 17 18 19 20
71'S 17 16 19 20

42217A 17 18 19 20
42430A 17 1• l6 19 0

4rl4A17 18 19 20
42614h 17 16 19 20

42706A 17 18 19 20

42704A. 17 18 19 20
4200 17 18 19 20

420075 17 18 19 20

43119A 17 18 19 20
4711? A 17 18 19 20
472fl A 17 18 19 20

43115 17 18 19 20
435lflP 17 18 19 20 "

43715A 17 18 19 20
4916t 17 18 19 20

44117A 17 18 19 20
443'7A 17 18 19 20
444018 17 18 19 20

44!29A 17 18 19 20

44612A 17 18 19 20

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.70 m (67 in.) ELEVATION

MU-vp 18 IC 10 2A 2B 2C 20 2E 3A 38 jC 3D 36 4A 4B 4C 40 4E 5B 5C SD

41097Q 21 22 23 24
4?109A 21 22 23 24

4'?07. 21 22 23 Z4
42430a 21 22 23 24

42 148 21 22 23 24
42,6'6 21 22 23 24
4270 A 21 22 23 24
42q046 21 22 23 24

470077 21 22 23 24

430136 21 22 23 24
43111A 21 22 23 24
43720P 21 2z2 23 24
43511: 21 22 23 24
43610A 21 22 23 24

4371!A 21 22 23 24
-30160 21 Z2 23 24

44117A 21 22 P3 24
44303A 21 22 .23 24

44401a 21 22 23 24
445?0A 21 22 23 24

44602A 21 22 23 24
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TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.78 m (70 in.) ELEVATION

410oQA
1.2109 A
49??7#
42;306
4' 14 t
4 ?616b A
4 77 1)5 A
429104

43013t
4311 "A
43209 4
'3511A
43610A
4371'A
43Q16A
44117 t
44303A
444CI3A
'442QA
44407 A

18 1C 10 2A 28 2C 2D 2E 3A 38 3C 3D 3E 4A 4B 4C 40D 4E 5a 5C 5D

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
?5

26
26
26
2f
26
26
26
26
26
26
26
26
26
26
26
26
26
2e
26
26
26

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

28
28
26
28
28
28
28
28
25
28
28
28
2•
28
28
z8
28
28
28
28
28

29
Z9
29
?q
ZQ
29
20
29

29
2929

Z9
29
?9
29

29

2q
2Q
29

3U
30
30
30
3w
30
30
30

3u
30
30
3C
30
30
30
30
30
3U
30
30
30

TABLE K-I (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.80 m (71 in.) ELEVATION

18 1C 10 2A 2B 2C 20 2E 3A 3 b 3. 3U 3E 4A 48 4C 4D 4 E :5d 5C

41919A
4710PA
42V07a
42430A
429148
42606A
42705 A
47914A
42907a

43'13 A

4320M A
43-11 A
43051 TA
4371 ýA
'391'.A
441178
443-11
'44014
445206
44A07

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

32
32
32
32
32
32
32
32
32
32
22
32
32
32
32
32
32
32
32
32
32

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

35
35
35
3S
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

3b
36
36
36
36
36
3b
36
36
36
36
36
36
36
36
36
36
36
36
36
36

5D

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

K-10



TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.83 m (72 in.) ELEVATION

18 1C 1D 2A 28 ZC 2 13 2 E 3A 36 3, M) 3 E 4A 48 4C 41
9 UN

Ntl-lc P

410Ono a
4211) A
422"7 A
42431nA
49514 I

427058
4 2 P 4 A

4291' t.
43013A
4711?A
437lq A
4311A
4361 01

437158
4395 A
441178
441M33
44401 f
445?OA
44402 A

4E 58 5C 5D

38
3e
38
38
38
38
3t
39
38
39
39
38
3t
38
308
38
3q
38
38
38
38

39
39
39
39
39
39
39
39
39
39
39
39
39
3Q
39
39
39
39
30
39
39

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

42
42
42
42
42
42
42
42
42
42
42
42
42

43
43
43
43
43
43

44
44
44
44
44
44
44
44
%4
44
44
44
44
44
44
44
44
44
44
44
44

45
45
45
45
45
45
45
4!)
45
45
45
45
4:,
45
45
45
45
45
45
45
45

46
46
46
46
46
46
4b
46
4b
46
46
46
46
46
46
46
46
46
46
4b
46

48
48
48
48
4t,8
48
48
483
48

48
48
48
48
48
48
48
48
48
48
48
48

49
49
49
49
49
49
49
49
'49
49
49
49
49
49
49
49
49
49
4:
49
49

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.88 m (74 in.) ELEVATION

18 IC 10 ZA 28 2C 20 2E 3A 38 3C 3U) 3E 4A 48 4C 40 4E 5d 5C 5D
I UN

mUPqFp

4230-A

424.30A
4 '5140

4 27t !~ A4279 8

42A04A
42q13' A
43013A
431128
4370P A
'-3511 A
43610A
4371 !8
43Q168A
44117A
44?31? A
'4401 A
44! ?c~ A
44V13 6

50
50
53
53
50
50
50
50
53
50
53
50
50
53
50
53
50
50
5O
50
53

51 52
52
52
'2
12
,2
,2
52
52
52
52
52
52
52
52
52
52
52
52
52
!2

53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54
53 54

5b
56
56
56
56
5E
56

56
56
5656
:Sb
56
56
56

5 t
5b
56
5 65b
56

57
57
57
57
57
57
57
57
57
:,7

57
57
57
57
57
57
57
57
j 7

57
j7

58

58
58
58
58
58
58
58
58
58
58
58
58

58
58
.58
58
5,8
58

59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59

60
60
60
60
60
60
60
60
60
60
b0
60
60
60
60
60
60
60
60
60
60

61
61
61
61
61
b1
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

62
62
62
62
62
62
62
62
62
62
62
62
62Z
b2
62
62
6z
62
62
62
62

K-II



TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.90 m (75 in.) ELEVATION

AtIN

&?I rle

47737 A
4243WA
42514A
47604*

42705A
42RO48

A 7017 A
43011A
43117
413 A1 A
43 I IA
4361 A

43Q16A

44117A
443•01
4440111

445ý 79 A

19 IC 10 2A 28 2C 2D 2F 3A 36 3C 3U 3L 4A 4B 4C

63
63
63
63
63
63
63
b3
63
63
63
63
63
63
63
63
63
63
63
63
63

b4
f4
t4
64
64
64
64
64

t4
t4
t4
64
t4
t4
64

64

64
6464
64

65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
85
65
65

66
66
6b
66
b6
66
66
b6
66
66
66
06
66
66
06
66
66
o6
66
06
06

67
o7
67
67
67
b7
67
67
67
67
b7
67
67
67
67
b7
67
67
67
67
67

68
68
68
68
68
68
69
68
68
68
68
68
68
68
68
68
68
68
68
68
68

40 4E 5a 5C 50

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

TABLE K-i (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.93 m (76 in.) ELEVATION

IS 1I 1 0 2A 28 2C 20 2E 3A 3b 3C 30 3E 4A 48 4C 4D
RU4

41()) A

474306
47514A
426A61
42715b4 7 e.)4 I

47•375

43011?
4 3 2 npf
4 ? 11 .

43715A
4?916*
4 4 11 7 A
443030
44401A
4457QA
446074A

4L 58 5C 50

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
7C
70
70
7c
70

71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
7?
72
72
72
72
72

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

75
75
7'.
75
75
75
75
75
73
75
75
75
75
75
75
75
75
75
75
75
75

76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
76 77
7b 77

78
76
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78

06
9616
96
96
q696
96
96
96
96
96
96
96
96
96
96
96

96
96
16
06

d0
80
80
80
80
80
80

80
d 0
80
80
80
80

d0
60
80
8Ci
80

80
80

81
81
81
81
81

K-12



TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.96 m (77 in.) ELEVATION

RU4NUWqcp

tN100 A

4?1089
4?207•

'47 146
4?5)f•
477358

42 04hA
42907A
430136
43111 '

43511A
4360 08
437156
13916 A
44117A
44303A
•444538

444C1 A
44617 A

15 iC ID 2A 28 2C 2D 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 5B 5C 5D

82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82

03
F3
p3
83
e3
e3
e3
83
E3
83
E3
83
83
83
83
E3
83
e3
e3
P3
e3

84
94
84
84
P4
84
t4

84
84
84
84
e4
84
84
84
P4
84
84
84
84
P4

d5
85
85
85
85
85
85
85
85
85
85
95
85
85
85
85
85
85
85
8585

86
8b
86

86
8t
86
86
86
86
86
86
86
86
86
86
86

86
86
86
86
86

87
87
87
87
87
97
87
e7
87
8?
87
87
87
87
87
87
87
87
87
87
87

88
88
88
88
88
88
88
88
88
88
88
88
88
88
86
88
88
88
88
88
88

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 1.98 m (78 in.) ELEVATION

18 10 10 2 A 28 2C 20D 28E 3A 38 3 C 3w 38E 48A 48 40C 4) 4 E 58 3 C 5D
QU4

NU" Ae

41909A
42109 6
427m77
424308
4?'14A

47705h
4 280C4 f
42700' 1
43013A
4311P
43208

435118
438108
4371 A
439164
44117A

44303A
44401 A
440?9A
44607A

89 90
09

89
8q
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
p 9

91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91

92
92
92
92
92
92
92

94
94
94
94
94
94
94
94
94
94
9,4
94
94
94
94
94
94
94
94
94
94

95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
15
95
95
95
95

79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136

100
100
100
100
100
lou
100
100
100

100
100
1i00
100

100
100
100
100
100
100
100
100

101
131
101
101
101
101
101
11)1
101
101
101

K-13



TABLE K-i (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 2.13 m (84 in.) ELEVATION

40 u

41QOQA

4 7, In', 7
47430A

42!144J
4206) A
4211)4
420?6 A
42 3V)4 ?
430133

431124
43?PA6
4?5111
43610A
4371 ' A
43916A
44117$
4A303A
44401 A
44570A
4460?2

18 1C 10 24 20 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 50

109 110
119 110
109 110
109 110
109 110
109 110
io9 110
109 110
109 110
119 110
109 110
101 110
109 110
109 110
109 110
109 110
109 110
109 110
109 110
109 110
100 110

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

112 113 114
112 113 114
112 113 ±14
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 [14
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114

1±b
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115

116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116

117 Il8
111 118
11? 11l
111 118
117
117
1i7
117
117
117
117
117
117
117
117
117
117
117
117
117
117

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 2.29 m (90 in.) ELEVATION

1B 1C 10 2A 28 2C 2D 2E 3• 3d ,C 3D 3E 4A 48 4C 40 4E 53 5C 5D
R114

41019A
42217 A

42433?
4'M-

4 
A

A4260 t,
477055
42PO4A
47o07 A
4301• A

4311 ?
4325~8
43!111
4?6lOA

43711!8
43016A
14117A
443038

44401 b
44502A
4460,12

11l
119
119
113

119
119
119
119
119
119
119
119
119
119
119
119
119
119
119

120
120
120
120
120

1 21
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121

122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 1e3 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124

125 126
125 126
125 126
125 126
125 126
125 126
125 126
12b 126
125 126
125 126
125 126
125 126
125 126
12i 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126

127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

128 129
IZ8 129
128 129
128 129
12o 129
128 129
128 129
iz8 129
128 129
128 129
128 129
128 129
128 129
128 129
128 129
128 129
128 129
12d 129
128 129
128 129
128 129

K-14



TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 2.44 m (96 in.) ELEVATION

19 1C 10D 2A 20 2C 2D 2E 3A 3b 3C 30 3E 4A 48 4 C 40 46t 58 5C 5D
p 114

NU~q c p

41Q)9 9
4•10A
47??70
42430A
471514A
426068
427050
47?04 f
4q3078
43013I
4 311 ? 0
43?0- A
43'11 f

4371 a
433156
44117A
4431) A
44401 A

440,17 0

140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
14C 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 142
140 141 14?
140 141 142
140 141 142
140 141 142
141 141 142
140 141 142

143
143
143
143
1A3
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145

146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146

147
147
147
147
14 7
147
147
147
147
147
147
147
147
14,7
147
147
147
147
147
147
147

148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
1148
148

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 2.59 rn (102 in.) ELEVATION

1B 1C 10 2A 2B 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 4D 4E 58 5C 50
P~

wl1q r P

A77fl7A42410P A

42514A

427058
42P94*
6 20'17 A
4 3013A
A31178
4370-8
435311*
4361' A
4371ýA
43916A
ý4117A
44313 A
44401 A
44579A
44602A

130 131
130 131
130 131
130 131
130 131
130 131
130 131
13) 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131

132
132
132
132
132
132
132
132
132
132
132
132
132
132

133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133

134 135
134 la5

131
131
135
135
135
135
135
135
135
135
135
135
135
135
135
131
135
135
135

98
98
98
98
9*
98
98
98
48
98
98
98
98
98
98
Ir8
98
98
98
9b
96

137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137

138 139
138 139
138 139
138 139
138 139
138 139
138 139
138 134
138 139
138 139
138 139
138 139
138 139
138 139
138 139
138 139
138 139
138 139
136 139
138 139
138 139

K-15



TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 2.82 m (111 in.) ELEVATION

NU"RF P 18 IC ID 2A 2B 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 5D

41009A 149 150 151 152 153 154 162 156 157 158
4 7q k 149 150 151 152 153 154 162 156 157 158
4?2n77 149 150 151 152 153 154 102 156 157 158
42430A 149 150 151 152 153 154 1b2 156 157 158
42!14A 149 15C 151 152 153 154 162 156 157 158
476r6* 14q 150 151 152 153 154 lo 156 157 158
427015 14q 153 151 152 153 154 162 156 157 18
42-04A 149 150 151 152 153 154 162 156 157 158
4?7937 149 150 151 152 153 154 162 156 157 158
4 13A 149 150 151 152 153 154 162 156 157 158
43112£ 149 15C 151 152 153 154 162 156 157 158
403)0- 149 150 151 152 153 154 162 156 157 15b
435-11 149 15C 151 152 153 154 162 156 157 158
436106 149 150 151 152 153 154 162 156 157 158
43715A 144 150 151 152 153 154 162 156 157 158
43916A 149 150 151 152 153 154 162 156 157 158
44117A 149 1i0 151 152 153 154 162 156 157 158
443C3& 149 15C 151 1b2 153 154 162 156 157 158
44431* 149 15C 151 152 153 154 162 156 157 158
44529A 149 150 151 112 153 154 162 156 157 15b
44607& 149 150 151 152 153 154 162 156 157 158

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 3.05 m (120 in.) ELEVATION

Nt'MPF 18 10 10 2* 28 2C 20 2E 3A 38 3C 30 
3
c 4A 48 4C 40 4E 5b 5C 50

41q90 159 160 161 155 163 164 165 1oo It7
4?IO0* 159 160 161 155 163 164 165 166 167
42237* 159 160 161 155 163 164 165 166 167
424304 151 160 161 i5 163 164 165 166 167
42!14£ 159 160 151 155 1t3 164 165 16o 167
426A6* 159 160 161 1!5 163 164 165 lb 167
47715A 153 160 161 155 163 164 165 166 167
42P4 153 160 161 155 163 164 165 166 167
47907A 159 160 161 155 163 164 165 166 167
43013? 159 160 161 155 163 164 165 l1b 167
43117t 159 160 161 155 163 164 165 166 167
437P A 15? 160 161 155 163 164 155 166 1b7
43511* 151 160 161 155 163 164 165 lb6 167
436103 159 160 161 1!5 1o3 164 165 166 167
43715A 159 16C 161 155 163 164 165 166 167
43Q16* 159 160 161 1!5 163 164 165 1b6 167
44117* 159 160 161 155 163 164 165 166 167
443036 159 160 161 155 163 164 165 166 16?
444'1 * 159 160 161 155 163 164 165 166 167
44!29A 159 160 161 155 163 164 165 168 167
44602A 159 160 161 15 163 164 165 166 167

K-16



TABLE K-1 ,(cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 3.35 m (132 in.) ELEVATION

NUMA P

41939q A
42109 A
4.22076A
4243t' A
4251'A
4?606 A
4270'A
47A)4 A
42007A
43'13 A
43112A
43?71A
43511A
43610A
41371!ý A
4391f A
44117A
44313A
44401 A
44520A
44602A

18 1C 10 2A

168
168
168
168
168
168
16e
168
168
16F
16?
168
16e
169
16e
168
160
169
169
168
168

28 2C 20D 2E 3" 38 3C 3D 3E 41A 48 4C 4D 4E 5d 5C 50

169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
16?
169

170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170

171
171
171
171
,T1
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171

TABLE K-1 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION A, 3.51 m (138 in.) ELEVATION

19 IC 1D 2A 28 2C 20 2E 30 38 jL 31, 3k 4A 4#3 4C 4D 4E6 58 5C 50

RU4

41900A
42101p

42430 A
4?!14P

4260£A
427'3-

4 ?0,17 a
43C13D
1311 A
4 3 70Q A

43610A
43715A
43Q1 6A
44117A
44303
44431 A
44527A
44 6 7 A

172
172
172
17?2
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172

173
173
173
173
173
173
173
173
173
173
173
173
173
173
1"73
173
173
173
173
173
173

174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174

175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
17?5
175
175
175

176
176
176
176
176
176
176
176
176
176
176
176
17b
176
176
176
178
176
176
176
176

K-17



TABLE K-i (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION A

I

"- 0 -N 0 ; 0 - - .

Lo) Lo Lol Lo N N ýT %r cT m~ m m a) 0 00 .cc 0c 0 0 0 0 00 0 0 Nl r-

z m C-) (DOM M CýL ION -N OI N M c C -N0 IJ 0 LnN P N -N CON COW - CDs co- r, - coc- 0'- -~ 0------------ -- ---- 0~Z
Run

41909A 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203

42108A

42207A

42430A
42514A

42606A

42705A
42804A

42907A -

43013A

43112A -

43208A
43511A

43610A
43715A

43916A

44117A

44303A

44401 A

44529A- 
- - -

44602A ' r I f



TABLE K-2

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 0.30 m (12 in.) ELEVATION

1114
4RqER

411038
414018
41 709A
41 Rope
41Q07P
420148
421051
42204
4?2305P
424154
427118
429104
42715R
4312?Q
432028
434128
435138
43717B
43816R

18 iC IP 2 A 24 2C 2n 2E 3A 38 3C 30 3E

1
I

1

1
I
1

I
1
1

1
1
1
1

4A 40 4C 4n 4S 5B 5C 50

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4

4
4
4

4

4
4

4

4
4
4

4

4
4

4
4
4
4

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 0.61 m (24 in.) ELEVATION

1 R IC 10D 2A 2 R 2C 20 28E 34 38R 3 C 3!) 3 E 4 A 49 4 an 4 8D 4 58 5SC 50
PUN

41103A
41 40I18
417098
41-08?
413078

420110
421058
42204B
423068
42415,
427118P
4? 1lop
42915
43129B
432028
434128
435138
43717P
43816b

5
5
5
5

5
5
5
5

5
5
5
5
5
5
5
5
5

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

7 9
7 8
7 8
7 8
7 9
7 R
7 8
7 8
7 8
7 8
7 A
7 8
7 8
7 8
7 8
7 8
7 8
7 8
7 8

K-19



TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 0.99 m (39 in.) ELEVATION

411038
41401B
41709R
4180 8
41907P
42014B
42105-
4?2048

42306b
42415A
42711B
423 10_P
4 ?.9 1.5A
43129P
432028

435130
437178
43R81R

11 1C I D 24 29

9
9

9
9
9
a
9

q
9
99
0

9

9

9

9

9
9

2C 20 2F 3A 3B 3C 31 3F 4A 11 4C 4n 49 5R 5C 5nI

10
10
10
10
10
10
10
10
10

10
10
10
10
iC

10
10
10

10

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.22 m (48 in.) ELEVATION

18 1C 10 6A Z8 2C 21n 2F 3A 38 3C 3n 3E 4A 41% 4C 4n 45 54 5(C 50
RIJN

411038
414018
41709R
4190PP
41307P
420148
421058
422048
42306P
424154
42711R
42A108
429158
431?29
432020
43412R
43513B
43717R
430168

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

14
14-
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 16
15 lb
15 16
15 16
15 16
15 16
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.52 m (60 in.) ELEVATION

18 1C 1P 24 28 2C 20 2C 3A 38 3C 30 3E 4A 48 4C 40 4E 58 5C 5D
FUN

NU4PFQ

411038
41401R
41709A
415088
419078
420148
421058
42Z.048
'2306R
424154
427118
42410O
429 15
4312ql
432028
434128
435135
437178
439168

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

IP
IP
18
18
18

Ip
18

I8
18

1e

IF

IF
18
18

19
1Q

19
19
19
19
19
19
19
19
19
19
19;

19
19

19

20
20
z0
20
20
20
20
20
20
20
20
20
20
20
20
20
23
20
20

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.70 m (67 in.) ELEVATION

18 IC 1D 2A ?B 2C 2D 2E 3A 38 3C 3n 3E 4A 48 4C 40 48 59 5C 50
gum

4Um4ER

411038
41401R
417098
419088
41.9078
420148
421058
422048
423069
42415P
427118
428109
42)158
431290
43?028
434178
435138
437178
438168

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

22
22
22
22
22
22
22
22
22
22
2?
72

22
22
22
22
22
22

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
7 4
24
74
24
24
24
24
24
24
24
24
24
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.78 m (70 in.) ELEVATION

PUN

411038
414018
41709,
41q09P
419078
42014R
421054
422049
42306P
4241598
42711A
4221OP
42915R
431298
432025
43412A
435138
43717S
43' 16P

19 IC ID 2A 2? 2f 2n 2F 3A 39 3C 30 3F 4A 48 4C 40 4E 59 5C 5f)

25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

28
28
28
28
28
28
28
28
28
29
28
28
28
28
28
28
28
28
28

29
29
29
29
2Q
29
29
29

29

2Q
29
29
2Q
29
29
29
29
29

30
30
30
30
30
30
30
30
30

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1,80 m (71 in.) ELEVATION

i1 I0 i1 2A 78 2C 2D 2F 3A 3R 3C 30 3E 40 4R 4C 40 4E 59 5C
RUN

NU9NEP

411038
414014
41 709R
419088
41907R
420148
421059
422048
423068
424158
427118
42910P
421 158
431298
3 202A

43412A
435138
437178
43816A

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32
32

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

34
34
34
34
34
34
34
34
34
34
3'
34
34
34
34
34
34
34
34

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

36
36
3t
36
3t
36
36
36
36
36
36
36
36
36
36
3 6
36
36
36

5D

37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.83 m (72 in.) ELEVATION

R8 I

411038
4 14019
4170Q9
4180e4
419070
4?0149
421059
42204R
42306P
4?4158
42711B
429108
42915R
43129Q
43202B
4341 2R
435138
437179
433169

1 IC I n 2 A 2 2C 2D 2 3A 38 3C 3f) 3E 4A 'R 4C 40 4E 58 5C 50

38 3q
38 39

39
39
3Q
39
39
3Q
39
3Q
39
39
39
39
39
39
39
39
39

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

41
41
41
41

41
41
41
41
41
41
41
41

41
41
41
41
4141

42
42
42
'2
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

43
'3
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44

45 46
45 46
45 46
45 46
45 46
45 46
45 46
45 46
45 46
45 46
45 40
45 46
45 46
45 46
45 46
45 46
45 46
45 46
45 46

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

48
48
48
48
48
49
4 8
48
48
48
48
49
48
48
4R
49
41
48
48

49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.88 m (74 in.) ELEVATION

18 IC 10 2,A 8 2C 20 2E 3A 38 3C 39 3E 4A 48 4C 40 4E 5A 5C 50
114AE

411039
41401R
417099
4180 AR
419078
42014ý
421058
4220 48
42306B
424154
427119
429108
42915R
4312 9
43?023
434128
43513A
437178
439168

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

54
54
54
54
5'
54
54
54
54
54
54
54
54
54
54
54
54
54
54

55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55

56
56
56
56
56
56
56
56
56
5-6"
56
56
56
56
56
56
56
56
56

57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

5q
59
5q
58
59
5 q
58
58
59
58
59
59
59
59
59
59

5 q58
59
59
s8

59
59
59
59
50
59
59
59
59
59
59
59
59
59
59
59
59
59
59

60
60
bO
60
60
60
60
60
60
60
60
60

O0
60
60
60
60
to
60

61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.90 m (75 in.) ELEVATION

RUN
N(18888

411038
41401R
41709P
418088

41 q C7R
429148
42L05P
422048
42306S
424158
427118
425108
42315B
431 29P
432029
43412A
43513A
437170
438 1 6A

15 1C 1n 2A

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

*q 2C 2D 2F 3A 35 3C 31 3E 4A 48 4C 40 4F 5B 5C 5D

64
64
64
64
64
64
64
64
64

64
64
64
64
64
64
64
64
64

65
65
65
65
65
65
63
65
65
65
65
65
65
65
65
65
65
65
65

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66

67
67
57
67
67
67
67
67
57
67
67
67
67
67
67
67
67
67
67

68
t8
68
6A
6A
68
68be
68

68
68
68
68
68
68
68
6P
6p
68
69

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.93 m (76 in.) ELEVATION

I8 1C 10 ?A 28 2C 2n 2F 3A 38 3C 33 3E 4A 48 4C 40 4F 5B 5C 50
DIJN

4U" lkFQ

411038
41401A
41•709R
41q08p
419078
42014q
421058
4 22048
42306R
4241 5P
42711l
42 j10OR
42 11 58
431298
437028
434128
435133
437178
438168

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71

72
72

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74

75
75
75
75
75
75
75
7,
75
75
75
7-5
75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77

7F
7P
7P
7P
7P
7P
78F
78
7e
7P

7P
7P
7F

7e
7P
78
7F
7P

79
79
79
79
79
79
79
79
79
79
7q
79
79
79
79
79
79
79
79

30
80
;0
90
80

80
80
90
00

q0
80

80
g0
810
80

80

30
80

81
81
81

81
81
8181
81

81

81
81

81
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.96 m (77 in.) ELEVATION

19 i C 1V' 2A 29 2C 20 2F 3A 39 3C 3) 3F 4A 48 'C 4D 4• 50 5C

41103R
414019
41 709k
41808 t
41907A
42014P
4.2105R
42204t
42306P
424154
427119
42931091
42915R'
43129B
43202B
434128
43513R
43717F
438169

92
92

82
92
92
82
9 2
92

92
P2

92
82
12
92
82

P2
82

A82

83
93
F3
93
93
9.3
P3
83
83
A3
93
e3
q3
83
83
P3
93
83
F3

94
94
94
84
84
94
94
R4
R4
84
84
84
84
94
q4
84
84
84
F4

95
95
85
85

85
95
85
95
95
85
95

85
85
85
S5
85
t05

85

85

96
96
06
96
96
96
96
96
q6
96
q6
96
86

96

46
R 6

46
R6

F7
87
97
P7
87
P7
R7
87
87
P7
87
97
P7
97
67
E7
F7
F7
f 7

5D

9R

so

8R
88

88

89
89
99
99
09
89
9A

88
89

89

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 1.98 m (78 in.) ELEVATION

19 IC 10 2A ?8 2C 2D 2F 3A 3B 3C 30 3E 4A 49 4C 4D 4E 5B 5C 5D
91JN

m.UI ER

411034
41401P
.41 709P
41909P
41907R
42014Q
421058
42204A
423069
42 415
427114
429108
429159
431O29
43 20 29
434128
435139
43717P
439169

89 90
8 q 10
89 3 099 90

99 90

p9 030

89 90

89 90
P9 30
99 90

po 9 g
Pq a 0
8q Q 0

91
91

Q1I

91
q9
91
91

Q1
91
ql

91

91

ql91

ql
l1

Q I

Q2
92
92
92
Q2
92
92
92
92
q2
92
Q2
92
92
92
92
92
92
92

93
93
93
93
Q3
93
93
93
93
93
93
93
93
93
93
93
93
93
q3

04
Q94
94
94
94
94
94
94
94
94
94

94
94

0',

94
94
94

94
94
94

95
95
95
95
95
95
95
95
95
q5
95
95
95
95
95
95
95
95
95

96
96
96
96
Q6
96
96
96
96
96
96

96
96
96
96
96
96
96
96

Q7
Q7
97
97
97
97
97
97
97
97
97
Q7
97
97
97
97
97
97
97

Q8
98

go

9P99
99

98
g8
g8
98
g9
98
99
98

98
99

103
100
130
100
100
10O
100
103
100
100
130
100
100
130
100
100
100
101
100

101
101
101
101
101
101
101
101
101
101
101
101
101
101
101
131
101
101
101
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 2.13 m (84 in.) ELEVATION

IR 1 C Ir 2A 24 2C 2n 2E 3A 3R 3C 31 ) E 4 A 48 4C 40 4 56 SC
RIJN

41103B
414018
41709B
41390A
41Q07P
423148
42 10 58
42204 

p
42 30 63
424158
42 7118A
429105
423156
431298
43202R
43412B
435131
437178
439168

5n

109 110
109 110
109 110
109 I0
lOq 110
109 110
100 110
109 110
lOq 110
10? 110
109 110
103 110
109 110
109 110
109 110
104 110
109 110
109 110
109 110

111
111
111
111
111
111
111
111
111
111
111
ill
111
111
111
111
111
111
111

112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114

115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115

116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116

117 118

117 118
117 119
117 118
117 118

117 116
117 118
117 116

117 116
117 116
117 116
11? 116
117 118
117 118
117 118
117 116
117 118
117 116
117 118

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 2.29 m (90 in.) ELEVATION

18 1C in ?A ?8 2C 2D 2F 3A 36 3C 33 3E 4A 48 4C 4D 4. 58 SC 5D
6 'J 4

411039
41401Q
41 TOqR
4180R9
41007B

423140
421058
42204q
47306P
42415P
427118
428108R
424156
43129R
432028
4 3 4121
43513P
437178
438168

11l
llq
119
119
11q

119
119
119
119
119
lq

IIo

119
11Q
119
119
119
lq

119

120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 123
120 121
120 171
120 121
120 121
120 121

122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
102 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124
122 123 124

125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 176
125 126
125 126
125 126
125 126
125 126
125 126
175 126
125 126
125 126

127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

128 129
128 129
128 129
128 129
128 129
128 129
129 129
128 129
128 129
128 129
12P 12i
128 129
129 129
128 129
128 129
126 129
128 129
128 129
126 129
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 2.44 m (96 in.) ELEVATION

RIJN

41103R
41401P
41709!'
41 90;1
41907B
42014!
42105!'
42204!
423 C05R
4241 5A
427118
42810!O
42Q1 5R
4312!B
43202P
434128
435138
437174
43816!

1II IC IP 2* ? 2Ct 20 2F 3A 3!' 3C 30 3!' 40 4! 4C 40 4E 54 5C 5D

130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131

132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132

133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135

136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136
136

137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137

138 13!
13! 139
138 13!
139 13!
138 139
138 139
138 13!
138 13!
138 13!
138 13!
138 139
138 139
13! 139
138 13!
138 139
138 13!
138 13!
138 139
138 139

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 2.59 m (102 in.) ELEVATION -

16 1C ID 2A ?8 2C 2D 2F 3A 38 3C 30 3F 4A 48 4C 40 4!' 58 5C 50
PUN

411038
414010
41709!
4140P8
419070
420149
42105O
42204"
423068
424 15
42711!
429108
42315P
43129B
43202P
434128
435138
43717!
439168

140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141

142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142

143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145

146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146
146

147
147
147
147
147
147
147
147
147
147
147
147
147
147
147
147
147
147
147

148
148
148
148
148
148
14I
148
348
148
148
148
148
14!'
148
144
148
148
148

K-2 7



TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 2.82 m (111 in.) ELEVATION

4U4989 18R IC ID 2A '8 2C 2n 21 3A 36 3C 30 3E 46 48 4C 4) 4E 53 5C 5 D

411038 149 150 151 152 153 154 155 156 157 158
414018 149 150 151 152 153 154 155 156 157 158
41 70Q 14q 150 151 152 153 154 155 156 157 158

4 lO8 149 150 151 152 153 154 155 156 157 158
41 O7q 14Q 150 151 152 153 154 155 156 157 158
42014P 149 150 151 152 153 154 155 156 157 158
42105A 149 150 151 152 153 154 155 156 157 158
422048 149 150 151 152 153 154 155 156 157 158
423068 149 150 151 152 153 154 155 156 157 1 5 9
424158 149 150 151 152 153 154 155 156 157 158
427118 149 150 151 152 153 154 155 156 157 158
42 910 149 150 151 152 153 154 155 156 157 158
42-74 SP 149 150 151 152 153 154 15' 156 157 158
43129P 149 150 151 152 153 154 155 156 157 158
43202B 149 150 151 152 153 154 155 156. 157 158
434128 149 150 151 152 153 154 155 156 157 158
435138 149 150 151 152 153 154 155 156 157 158
43717% 149 150 151 152 153 154 155 156 157 158
43i16R 149 150 151 152 153 154 155 156 157 158

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 3.05 m .(120 in.) ELEVATION

R UN
811F88 1I 1C ID 2A 28 ?C 7D 2E 3A 38 3C 3 3 E 4A 48 4C 40 4E 58 5C 5D

411038 153 160 161 162 163 164 165 166 167
414018 159 160 161 162 163 164 165 166 167
41709P 151 160 161 162 163 164 165 166 167
41408R 159 160 161 162 163 l14 165 166 167
41Q07• 159 160 161 162 153 164 165 166 167
420144 159 160 161 162 153 164 165 166 167
421050 159 160 161 162 163 164 165 166 167
422048 159 160 161 162 163 164 165 166 167
423068 151 160 161 162 163 164 165 166 167
42415A 159 160 161 162 163 164 165 166 167
427118 153 160 161 162 163 164 165 166 167
428108 159 160 161 162 163 164 165 166 167
424155 159 1b0 1bl 162 153 164 165 166 167
43129A 159 160 161 162 163 164 165 166 167
432023 159 160 161 162 163 164 165 166 167
43412D 159 160 161 162 163 164 165 166 167
43513P 159 160 161 162 163 164 165 166 167
437178 159 160 I1I 162 153 164 165 166 167
438168 159 160 161 162 163 164 165 166 167
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TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 3.35 m (132 in.) ELEVATION

RIJN

N (I 44 R

411038
41 401V
41`O14

41'@078

42014R
421058
422048
42306P
424150
421 10'

420 158
431299
432028
434128
43513R
437178
43816P

18 iC 10 2A 28

168
168
168
168
168
16A
168
368
16b 8
168
168
168
168
168
168
168
16P
168
160

2C 20 2F 3A 38 3C 30 3E 41 48 4C 40 4E 53 5C 5n

160
1b6
169
169
16q
160
160
169
169
16Q
16Q
160
160
160
169
160
160
169
16q

700
170
170
170
170
170
170
170
170

171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171

TABLE K-2 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION B, 3.51 m (138 in.) ELEVATION

I8 IC 1D 2, 29 2C 2D 2E 3A 38 3C 30 3E 4* 48 4C 40D 4E 58 C 50
SIJN

NUI8R

411038
414014
417098
418088
41907B
4201498
421058
42204R
42306f
424158
42711B
428108
42915A
431208
437028
43412B
435138
4371 75
43816R

172
172
172
172
172
172
172
172
172
17?
172
172
172

173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174

175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175
175

176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
176
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TABLE K-2 (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION B

E

.0 -, m r 0 00 0 0 co w0 C w0 w0 W0 o (.0 CD w0 (0 - r- Lo Io Lo 0

m- 0- 01 (N -( (0 cn( r-. c oo(c ýmN - N InN - N -~ (0 W -~ m ~

Run

41103B 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202

41401 B
41709B

41808B
41907 B

42014B

42105B

42204B
42306B

42415B
42711B

42810B

42915B
43129B
43202B
43412B

43513B

43717B

43816B

Q



TABLE K-3

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 0.30 m (12 in.) ELEVATION

B 1C 10 2A 28 2C 2D ZE 3A 38 3L 3D 3E 4A 48 4C 4D 4- 58 5C 50
oUl4

.1IJ41CQ

inos3c
41201C
413'9C
41731C
41 31C
41;0qr4 LOOC•
42005 C

42314C
47413C
425 06 C
42 '1 C
4271!C
42904C
472Q17C
43110C
43211C
4331''r
43431C
&3,31r

43716C
43917C
4 3)3ý

1
1

1
1
I
1
1
1
1
1
1
1
1
1
1
1
1
1
1

2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 0.61 m (24 in.) ELEVATION

13 IC 10 28 28 2C 20 2E 3A 38 3C 30 3E qA 48 4C 40 4E 58 5C 5D
RUm

41013C
412nlC
413?9C
41731 f
41 31C

42Cn~C

12314C
42413C
42506C
426f,5r
42715C

4291 2?C
43110C
43211C
43315C
43431C
43531 C
43716C
4O3l17C
43902 C

5
5

5
5
5
5
5
5
5
5
5
5
5
5
5

5

5

6
6
6
6
6
6
6
6
6
6
6
6
6
6

6
6
6
6
6
66
6

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

K-31



TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 0.99 m (39 in.) ELEVATION

PUN
wUM-P 1B 1C 1D ZA 2B 2C 2D 2E SA 3b 3C 3U 3L 4A 48 4C 40 4'L. ' 5C 50

41
1
'03C 9 10 11 12

41201r 9 10 11 12
41IZr 9 10 11 12

41731C 9 10 11 12
41P31C 9 10 11 12

4 1 cfIu 11 12
49 Q 1., 11 12

4 2107C 9 10 11 12
42?14C 9 10 11 12
A2413r 9 10 11 12
42506C 9 10 11 12
4;160!C 9 10 11 12
4271 ! 9 10 11 12

42-C4C 9 1 ; I1 12
42q12C 9 10 11 12
4311)C 9 10 11 1z
43211r 9 10 11 12

43315C q 10 11 12

43431C 9 10 11 12

413 .9 10 11 12
'3716C 9 l 11 12

43"17C 9 iC 11 12

43002 9 10 11 12

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.22 m (48 in.) ELEVATION

P iN
NU qC: 18 1C 19 2A 28 2C 2D 2E 3A 30 3C 3D 3E 4A 48 4C 4) 4k 5d 5C 50

410•3C 11 14 15 16
412•1C 13 14 15 16
41329C 13 14 15 lb

417t1C 13 14 15 16
41l0•C 13 14 15 16
4190QC 13 14 15 lb
4730pc 13 14 15 16
42117C 13 14 15 16
42314C 13 14 15 16
42413C 13 14 15 16
42!06C 13 14 15 16
42605C 13 14 15 16
42715 C 13 14 15 16
42PC4r 13 14 15 lb
4301?C 13 14 15 lb
43110C 13 14 15 lb
41211C 13 14 15 lb
43315C 13 14 15 lb
4?431C 13 14 15 lb
43531C 13 14 15 lb

13716r3 1 14 15 Lb
43P17C 13 14 15 lb
43012C 13 14 15 16
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.52 m (60 in.) ELEVATION

PUN

41iC1c

41733r
41p31c
41c,#,C

; 20• Ar
42 107 C
42314C
424 lIC
42060C

42715r
42A04C
4 q12C
43110C
43211 C
43315C
43431C
43931C
43716C
43-17C
43q0 2C

14 IC 10 2A 28 2C 20 Z2 3A 3b 3C

17
17
17
17
17
17
17
17
17
17
17
17IT
17
17
17
17
17
17
17
17

17
17

3D 3t 4A 48 4C 40 4k b8

18

18
18b
18
lo
1i
18

18

18
18
18
18
18l8

I8
is18

18
18

18
1818e
I ,

20

20
20
20

20
20
20
20
20
2(1.
20
20
20
20
20
20
20

,20

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.70 m (67 in.) ELEVATION

18 1 C 1D 28 28 B C 20 2 F 3 A 38 3C 30 3E '.A 48 4C 40 41E 5d 5C 5D
RUN

4lf33 C
41253•
41370C

41731C
419 51 C
41900C420,)P
42107C

42413C
4?2906 C
42605C
42 715 C
42*04C
42112C
43110C
43211C
4331WC
43431 C
43531i
4.3716C
43917r
43902C

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

2?
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22

23
23
23
23
73
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.78 m (70 in.) ELEVATION

POJN
NUM F 9

41 0C ?
41201C
4132QC
'1731'

41913
42 00P
421n7 C
42314C
4241 C
42!ObC
42605 C
4271!C

42912 C
43110C
43211C
43315SC
43431C
4?131C

43716C
43917C
43902C

1. IC 10 2A 28 2C 20 ZE 3A 38 3C 3D 3k 4A 4B 4C 4D 4k 58 5. 50

25
25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

26
28
28
28
28
28
28
28
28
28
28
26
28
28
28
28
28
28
28
28
28
2a
28

?9
29
29
29
2z
29
29
?9
29
29
29
29
29

29
29
?'9
29
79
20
29
29
29

30
30
3U
30
30
30
30
3Q
30
30
30
30
30
30
30
30
30
30
30
3U
30
30
30

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.80 m (71 in.) ELEVATION

13 1C 10 2A 28 2C 2D 2E 3A 36 3C 30- 3L: 4A 4B 4C 40 4E 58 5C jO
PUN

41003C
4j "I1 C
41??Or
41731C
8l3P91

41'qOC

42107C
47314r

42!1)t C
4260, r
4271'r
42604C
4201 ?c

432111'

'3431rC
43!11 C
43716C
4'-17C
410')2r

32
32
32
32
32
32
32
32
32
32
3Z
32
32
32
32
32
32
32
32
32
32
32
32

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36

37
37
37
37
37
37
37
37
37
37
37
37
37
37
3?
37
37
37
37
37
37
37
37
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.83 m (72 in.) ELEVATION

18 1C 1 2 A 28 2C 20 2E 3A 3d 3C 3D 3E 4A 48 4C 410 41L
RUN

4 1003 r
41201C
41329C
41731 C
418331C

41 09C
42o0nC
47107r
42314 C
4241 3C

4?6n5C
42715r
42004 C
42ql 2C
43110C
43711C
4331WC
43431C
439 3 1r
43716C
43017C
4390pr

58 5C 50

39

36
38
38
38
38
38
38
35
30
38
38
39
3e
38
38
38
38
38
39
38
38
39

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39

40
4C
4C
4C
4C
4C
4C
40
40
40
4C
4C
40
4C
40
40
40
40
4C
4C
4C
40
40

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

44
44
44
44
44
44
44
44
44
44
44
I4
44
44
S4
44
44
44
44
44
44
44
44

45
45
45

45
45
45
45
45
45
45
45

45
4,
45
45

45
45
45
45
4545

46
4b
4b
4b
46
46
46
46
46
46
46
46
46
46
4o
46
46
46
46
46
46
46
46

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

148
48
48
48

4•8
48
48
48
48
48
48
48d
48
41
48a
48
48
48
48
48
48
48

49
49

49
49
49
49
4,9
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.88 m (74 in.) ELEVATION

I18 1C 10 28A 28B 2C 20D 2 E 3A 38 b C 3D 3 E 4A 4B 40C 40 46E 59 a SC 51)
Q'JN

841J On P

412(% 1C
4132q1

41731 C
41-31 C

47107C
42314 C
42413C
47506r
42605C
4271! C

4291 2?C

43711C

43315C
43431C
43531 C
43716C
43817C
439q'?r

53
50
50
50
53
50
50
53
50
50
50
50
5.3
50
50
50
50
50
50
50
50
50
50

51

51
51
51

51
51

51
51
51

51
51
51

51
51
51

51

51

52
52
!2
52

52

52.
52
.2,2
52
52
52
52

!2

52

!2
52

52

52
5252

52

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

54
54
54
54
54
54
54
54

54
54
54
54
54
54
54
54
54
54
54
54
54
54

55
55
55
55
55
55
55
55
5!
55
55
55
55
55
55

55
55
55

55
55
55

56
56
56
D6
56
56

57
57
57
57
57
57
57
57
'7
57
57
j7
57
57
57
57
57
57
57
57
57
57
27

58
58

•b
58

58
56
56
58
58
58
58
58
58
58
58
58
58
5b
58
58
58
58
5t)

54
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59

6'3
60
63
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
63
60

61

6 L

.61
61
61
61
61
61
61
61
61
61
61

Oi
ol
61
61
61
6161

62
62
62
62
62
62
62Z
62
62
62
62
62
62
02
62
62
b2

b2
62

62
62
62
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.90 m (75 in.) ELEVATION

I i C 1D 2 A 2a 2L. 2D 2 F 3A 38 3C 30 3 E 4' 48 4C 40D 4 E 58 d C 5D
QU4

NUHi•

410f3 C
41 ?01 C
41329C
41731 C
41P31C

4200p r
42107C
42314 C
42413C
42 506 C
4?6fl5r
4?ol?r4271 SC
429fl3C

47?11O
43211C
43319 C
4 34 31 C

43716f
43017r
43o01?C

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

C4
f4
t4
f4
t4
84
t4
E4
f4
E4

64
E4
f4
f4
64
64
64
84
64
64
84
84

65
b5
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65

o6
66
06
b6
b6
66
66
b6
66
66
b6
o6
b6
b6
06
66
b6
66
66
66
b6

66
66

67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67

69
68
69
61
6 P

63
68
69
68

69
68
69
69
68
69
69
69
68
69
6q
69
6q
6s

64
69
69b9
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
b9
69

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.93 m (-76 in.) ELEVATION

15 IC 10 2A 28 2C 2D 2E 3A 3v 3C 30 3t 4A 4R 4C 40 4L 58 JC 50
RUN

NIIIW
9

R

410f3f
41201 1
41331C
41731C
41831r
410^9c
4201)?

42101C
4 2114 C
42413C
42!06C
4261ýC
42715C
42e04C
42912C
43110C
43211 f:
4331 5C
43431C
43531C
4371fC
43e17r
43902C

70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71
71
71
71
71
.71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

71
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74

71
75
7 1
7.5
75
75
75
75
75
75
75
75
75
75
75
7'.
75
75
75
75
75
75
75

76
76
76
76
76
7b
76
76
76
76
76
76
76
7b
?b
76
76
76
76
76
7b
7t
76

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
17
77
77

7b
78
78
78
78
78
7?
78
78
78
78
78
78
7T
78
78
78
78
78
78
78
78
78

79
7q
79
79
79
7q
79
7Q
79
79
79
7o
79
79
79
79
79
79
79
79
79
79
79

e (.
80
80
84,
80
80
80
80
8u
a8
80
80
80
80
808,0
80
80
80

860

80

80
80u
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.96 m (77 in.) ELEVATION

P"UN
NU MRFP

41nC3C
N1'olr

41 7m•

41731C

41?0oC4 1 1 C

42107C
4?314 C
N 2ý41 3 C
425D.S
4?b05C

421 2 of4?.12r

43110C
43211 C
4331iC
4ý431C

4371 #C
43P17C
4300?C

18 IC ID 2A 28 2C 20 ZE 3A 38 3C 3D 3f 4A 48 4C 40 4E 38 SC 5Lu

82
82
92
82
82
02
82
82
82
82
82
82

6 282
82
32
82
82
82
82
82
82
82

e3
e3
e3
03
e3
83
83
83
e3
P3
e3
E3
E3
83
e3
83
83
83
e3
e3
E3
83
F3

94
84
84
84
84
14
84
R4
84
84
84
84
P4
84
84
64
84
84
84
84
84
84
84

85
865

85
85
85

85

8d5
85
85
85
85

85
85
85
85
85

85

86
86
66
86
86
86
86
86
86
86
86
86
86
86
86
86
66
86
86
86
86
86
86

87q7

A7
97
P7
87
67
87
87
87
87
87
37
67
07

87
67

87

e7
e7
87

68

88
98
88
88
88
88
88
88
88
88
88
8a

63
a8

8s
a8

.888
86
88

88

88

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 1.98 m (78 in.) ELEVATION

I? ON
~4 Um N --p

412IC

413?QC
41731C
41f8!c
419QorN 109 C
4 2010 f
42107 C
42314NC
474 13 C
4 2 516 C
42605C
4 2715C
42F04C

4201 2c
43110C
43211r
43315C
43431C
43531C
43716r
43P17C
4390QC

I1 1C 10 2A 2B 2C 20 2F 3A 38t 3C 30 3E 4A 48 4C 4D 4E 58 5C 50

E9
89
eq

b 9
8q
a 9
89
89
89
89
89
89
b9
89
89
89
89
89
e9
69
a9
89
a9

90
90
9C
90
g0
90

8c
90
90
90
9C
90
90
90
90
9c
90
90
9c
90
90
9C
90

01
91
91
91
91
91
91
91
91
91
91
91
91
91
91
01
91
91
91
91
91
91
91

92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92

93
93
93
93
93
93
93
93
93
93
93
93
93
93

93
93
93
93
93
93
93
93
93

94
94
94
94
94
94
94
94
94
94
94
94
94
94.
94
94
94
94
94
94
94
94
94

95
45
95
95
95
45
95
95
95
95
95
95
95
95
95
95
95

95

9,

96
96
96
96
96
96
96
9b
96
96
96
96
96
96
96
96
96
96
96
9b
96
96
96

.97
97
91

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
9 ?97
97

96
98
08

98
96
98
98
9b
9R
98
98
as

98
98
90
94
98

98
98

98

98

100
100
1I0
loco
100
100
100
ltU
100
100
100
13I
100
100
100
100
100
100
100
100
100
10%)
100

101101
101
101
101
•.l
101
101
101

101
101
101
101
1l1
101
101

101
101
101

101
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 2.13 m (84 in.) ELEVATION

GUN

41003i
412r 10r
41379f
41731 C
41A31C
4190o9
4200e0
42107C
42314C
4'413C
42506C
42605C
4 2715 0
4?9040
42Q12C
431V1 C
432110
43315C
43431C
43531C
43716C
43017r
43q12 C

16 10 10 2.0 28 2C 20 2E .A 38 3C 3D 3E i A 46 4C

120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
120 121
12C 121
120 121
120 1z2
12C 121
120 121
120 121
120 121
120 121
120 121
120 121
12C 121
120 121
120 121

122
122
122
122
122
122
122
122
12?
122
122
122
122
122
122
122
122
122
122
122
122
122
122

123 124
123 124
123 124
123 124
123 124
123 124
121 124
123 124
123 124
123 124
123 124
123 124
123 124
123 L24
123 124
123 124
123 124
123 124
123 124
123 124
123 124
123 124
123 124

125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125
125

126

12t
126
126

126
126
126
126
IZ6

127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

4D 4E 5d 5C 50

123 129
128 129
128 129
128 129
12d 129
128 12?
129 129
128 129
123 129
128 129
128 129
128 129
128 129
128 129
128 129
12d 129
12d 129
128 129
128 129
128 129
128 129
128 129
128 129

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 2.29 m (90 in.) ELEVATION

16 1C 1D 2A 26 2C 20 2E 3A 3B 3C 3D 3E 4A4A 4 4C 40 4tL

41003 C
41 ?r1 C
41320C
41731C
41R31C
419000C
47090
42107C
42314r
42413C
42906C
4260 C
4 7715 .
42804C
42012 •
431100
432110
43315C
43431C
A35311
437160
438170
4 302r

109
119
109
I1)I
109
109
109
109
109
109
109
109
139
109
109
109
109
109
109
109
109
109

113
110
110
110
110
l1e

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
110

111
111
111
113
111
111
111
111
111
111
111
111
111
111
111
111
113
111
111
111
111
111
111

112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112
112

113 £14
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 £14
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114
113 114

115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115

116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116

58 d C 50

117 118
117 118
117 118
117 118
117 118
11 118
117 118
117 118
117 118
117 118
117 118
117 118
117 118
117 118
117 118
11 118
117 118
117 118
li? l1i
11i 118
11? 118
117 116
117 118
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 2.44 m (96 in.) ELEVATION

PUN

41003C
41201 f
41329C
4173 r
41831C
41909C
4 2(0 3 9 C
47107C
4231 4C
42413C
42!06C
4260 C
42715 ,
42 Rl 4 C
429 12C
43110C
43211C
43319C
43431 r
43531C
4371t C
43817C
43902C

1% 1C 10 2A 28 2C 2D ZE 3A 38 3C 3U 3E 4A 43 4C 40 4E 58 5C 5U)

133 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131
130 131

132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132

133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 lit.

"133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135
133 134 135

136
13b
136
136
136
136
13b
136
136
130
136
13b
130
136
136
13b
136
136
136
136
130
13o
136

137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137

138 139
138 139
138 139
138 139
138 134
13d 139
138 139
138 13?
138 139
laS 139
138 139
138 139
138 139
133 139
136 131
13d 139
138 139
138 139
138 139
138 139
138 139
138 139
138 134

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 2.59 m (102 in.) ELEVATION

19 30C 10 28A 28 20 20 22E 3A 36b 3C 30 3L 48A 414 C40 D 40 4k 58 5C 5D
RUN

NUM49P

41'•03C

41201C
41329f
41731C
41931C
41009 .

42107r
42314C
42413C
42 50 6 C
426n5
42715 C
42eo4C
4 2Q12 C
4? 11 AC
43211C
433153
43431C
43531C
43716f
43f17C
43902C

141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141
141

142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142

143
143
143
143
143
143
143

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

145
145
145
145
145
145
143
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145

146
146
146
146
146
146
146
146
146
146
146
140
146
146
146
146
146
146
146
146
146
146
146

148
148
14b
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 2.82 m (111 in.) ELEVATION

NUPBr 15 1010 I A 2P 2C 20 2E 3A 38 3C 3D 3L 4A 48 4C 40 4E 58 bC 5D

41003C 150 151 152 153 154 155 156 157 158

412010 150 151 152 153 154 1,5 156 157 158
4132or 15C 1M1 152 153 154 155 156 157 158
41731C 151 151 152 153 154 155 156 157 158
41@31f 150 1!1 152 153 154 155 156 .157 1,3
41goOer 150 151 152 153 1'4 155 156 157 158
4200R0 150 151 152 133 154 155 156 157 1,8

42107C 150 151 1,2 153 154 155 156 157 158

42314C 11c 151 152 133 154 155 156 157 158
42413C 150 152 153 154 155 156 157 158
4&25,r 150 152 153 154 155 156 157 158
42615C 150 1,2 153 154 155 156 157 15u
42715C 150 152 153 154 155 156 157 158
42P14C 150 122 153 154 155 156 157 158
2ql2r 150 152 153 154 155 156 157 i58

43111C 1 152 153 154 155 156 157 156

43211C 1!0 15i 153 154 1.5 156 157 156

43?150 15C 152 153 154 155 156 157 158

43431C 15C 152 153 154 1.5 156 157 156

435310 150 152 153 154 155 156 151 158

43716r 150c 1!2 153 154 1:0 156 157 158
4317C 150 152 153 154 155 156 157 158
43917C 150 152 153 154 155 156 157 150

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 3.05 m (120 in.) ELEVATION

RUN
N•Ump 18 IC 10 2A 26 2C 20 2E oA 3B 3C 3D 3E 4A 48 4C 40 4 58 5 . 5D

410030 154 16C 161 i12 163 164 165 16o Iot7
412010 15Q 160 161 162 163 164 165 1o6 167
41320C 159 160 161 162 163 164 165 Ioo lo?
417310 159 160 161 l82 163 164 165 lob 167
41P31r 153 1C0 161 162 163 164 165 1o6 1o?
419n,4 159 160 161 162 163 164 lo5 166 167
4200%C 159 160 161 162 163 164 165 loo lo7

42107•C 15 160 151 1(2 163 164 165 166 167
'623140 159 160 161 162 163 164 165 166 167
424130 159 160 161 lea 163 164 165 166 167
42!06C 159 160 161 162 163 164 165 166 167
426%5 159 160 151 le2 163 164 165 166 167
42715C 153 160 161 162 163 164 165 lb6 167
42804C 159 160 161 162 163 164 165 166 167
42012r 150 160 161 182 lb3 164 165 166 167
4ll5 159 16C 161 162 163 164 165 lob 167
43211 C 159 60 161 lea 163 164 165 )66 167
43315C 154 160 161 162 163 164 165 166 167
43431r 159 160 161 12 163 164 165 lob 167
435310 159 16C 161 162 163 164 165 166 167
43716C 159 160 161 I? 163 164 165 16o 167
43P170 159 160 161 162 163 164 165 166 167

.43002C 159 160 161 162 163 164 165 lb6 167
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TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 3.35 m (132 in.) ELEVATION

11 1C 1D 2A 28 2C 20 2E 3A 38 3C 3D 3E 4A 41 4 C 40 4L 58 5C 5D
PU11

4JUM9I P

41003C

41329 C
41731r
W131C

4 100ý0 r
42008C
42107C
42314 r
47417C
42'06C
42 60 5C
42715C
48P04C
42712C
43110r
43211C
43'1 !C
43431C
43531C
4371tC
43917 C
43902C

168
168
168
168
169
161
168
168
168
168-
168

168
168
168
168
leA
168
168
168

168
168

169
169
1b9
169
169
169
169
1o9
169
It9
1t9
169
1b9
169
169
169
J69
169
1b9
169
169
169
169

170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170

171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171

TABLE K-3 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION C, 3.51 m (138 in.) ELEVATION

IS 1C 10 2A 28 2C 20 2E 3A 38 3C 30 3c 4A 48 4C 4D 4E 58 5: 5D

811N
NUm89 P

41903C

41231C
41379C
41731 C

419fQC

42107r
47314C
47413C
42%06C

42715C
42804C
4291 7C
4311 OC
43211C
4331'r

43431C

43716C
4317 C
4300?C

172
112
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172

173
1"73
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

174
174
174
174
174
174,
17,
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174

175
175
175
175
175
175
175
175
175
179
175
175
175
175
175
175
175
175
1?5
175
175
175
175

176
176
176
176
176
176
176
176
176
176
17b
176
176
176
176
176
17b
176
176
176
176
17b
176
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TABLE K-3 (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION C

r: ~ ~~~~~~ co 0 0, 0 0* r . , a Y N CN NC , - 1q
w ua m. Lo in m ~ wo _' _ý ,- -_ý _n _. _ _ ý w 04 0n NI N N

E

Run

41003C 177 178 179 180 181 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202

41201C
41 329C

41731C
41831C

41909C

42008C
42107C

42314C -I
42413C ---

42506C

42605C ---

42715C = -
42804C

42912C - -

43110C 2

43211C

43315C
43431C -

43531C
43716C

43817C43902CI I



TABLE K-4

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 0.30 m (12 in.) ELEVATION

RUN
NU44BE

41103D
412020
41590D
418080

420140
422060
423050
424040
42512D
426150
42711D
429100
430090
431150
43215D
434010
439139
441160
443170

18 1C 1D 2A 28

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

ZC 20 2E 3A 38 3C 30 3E 4A 48 4C 40 4E 58 5C 50

2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2 3
2
2
2
2
2
2
2
2
2

3
3
3
3
3
3

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 0.61 m (24 in.) ELEVATION

18 1C 10 2A 28 2C 20 2E 3A 38 3C 30 3E 4A 48 4C 40 4E 5B 5c 50
RUN

41103D
412020
415290
418080
420140
422060
423050
424040
42512D
426150
42711D
42910D
43009D
43115D
432150
434010
43813n
441160
44317D

4
4
4
4
4
4
4
4
4
4

5
5
5
5
5
5
5
5
S
5
5
5
5
5
5
5
5
5.
S

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

4
4
4
4
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 0.99 m (39 in.) ELEVATION

RIJN
114BER

41103D
41202D
41529D
418080
420140
422060
423050
424040
425120
42615D
427110
42910D
430090
43115D
432150
43401D
43813D
441 160
443170

18 1C 1D 2A 28 2C 20 2E 3A 3B 3C 30 3E

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

4A 48 4C 40 4E 58 5C 5D

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.22 m (48 in.) ELEVATION

is ic 10 2A 28 2C 20 2 E 3 A 38 3C 3D 3E 4 48 4 C 40 4 E 58 C 50
RUN

IM ER

41103D
41202D
415290
418080
420140
422060
423050
424040
42512D
426150
42711D
429100
43009D
43115D
432150
434010
438130
44116D
44317D

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

11
11
11
11
11
1I
11
11
11
11
11
11
11
11
11
11
11
I1
11
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.52 m (60 in.) ELEVATION

RUN
'UnBER

411030
41ZO20
415290
41808D
420 140
422060
423050
424040
425120
426150
42711D
429100
430090
43115D
43215D
43401D
43813D
44116D
443170

lB IC 1D 2A 28 2C 2D 2E 3A 38 3C

13
13
13,
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

3D 3E 48 4B 4C 40 4E 58 5C 50

14
14

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

15

1,
15
15
15
15
1S
15
15
15
15
15
15
15
1S
15
15

15

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.70 m (67 in.) ELEVATION

18 IC 1D 2 A 28 2C 2D 21 3A 38 3C 30 3E 4A 48 4C 4D 4E 5B 5C 5D
RUN

.U 18ER

411030
412020
415290
418080
420140
422060
42305D
424040
42512D
"426150
42711D
429100
430090
431150
432150
434010
438130
441160
443170

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

is
1s
1818
18

I1

18
1s
18
18
18
Is

18

is
18
Is10
18
18
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.78 m (70 in.) ELEVATION

RUN
NUMBER

411030
412020
41529D
418080
420140
42206D
42305D
424040
4Z512D
42615D
427110
429100
430090
431150
43215D
434010
43813D
44116D
443170

18 1C 10 2A ?8 2C

19
19
19
19
19

19
19
19
19
19
19
19
19
19
19
19
19
19

2D 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 50

20
20
20
20
20

20
20
20
20
20
20
20
20
20
20
20
20
20

21
21
21
21
21

21
21
21
21
21
21
21
21
21
21
21
21
21

22
22
22
22
22

22
22

23
23
23
23
23

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.80 m (71 in.) ELEVATION

18 1C 10 Z A 28 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 50
RUN

NUMBER

411030
41202D
41529D
418080
420140
422060
423050
42404D
42512D
426150
42711D
42910D
4300Q0
43115D
43215D
43401D
438130
441160
443170

25
25
25
25
25

25
25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26

26
26
26
26
26
26
26
26
26
26
26
26
26

27
27
27
27
27

28
28
28
28
28

29
29
29
29

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

31
31
31
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.83 m (72 in.) ELEVATION

RUN
NUMPER

41103D
41202D
41529D
41808D
42014D
42206D
42305D
42404D
42512D
426150
42711D
429100
43009D
431150
43215D
43401D
4381 3D
44116D
44317D

18 1C 1D 2A 28 2C

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

20 2E 3A 36 3C 30 3E 4A 46 4C 40 4E 56 SC 50

36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36

36
38
38
38
38

38
38
36
38
38
38
38
38
38
38
38
38
38

39
39
39
39
39

39
39
39
39
39
39
39
39
39
39
39
39
39

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44

45
45
45
4.5
45
45
45
45
45
4,
45
45
4,
4,
45
45
45
45
45

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.88 m (74 in.) ELEVATION

18 IC 10 ZA 26 2C 2Z• 2 3A 38 3C 3D 36 4A 48 4C 40 46 58 5C 50
RUN

NUIBER

411030
41202D
41529D
418080
420140
422060
423053
424040
42512D
426153
42711D
42910D
430090
43115D
432150
434010
43813D
44116D
44317D

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50
50

51
51
51
51
51
51
51
51
51
51
51
51
51

51
51
51
51
51

52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

54
'4
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54

55
55

5,
55
55
55
55
55
55
55

55
55
55
55
55

55
55
55
55

56
56
56
56
56

56
56
56
56
56
56
56
56
56
56
56
56
56

57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

58
58
s8
58
58

59
59
59
39
59
59
59
59
59
'9
59
59
59
59
59
59
59
59
59

60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
60
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.90 m (75 in.) ELEVATION

RUN
NUnR8ER

41103D
412020
41529D
418080
42014D
42 206D
42305D
42404D0
425120
42615D
427110
42910D
43009D
431150
43215D
434010
438130
44116D
443170

18 1C 10 2 28

61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

2C 20 2E 3A 3B 3C 30 3E 4A 48 4C 40 4E

62
62
62
62
62

63
63
63
63
63

64
64
64
64
64

64
64
64
64
64
64
64
64
64
64
64
64
64

65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66

67
67
67
67
67
67
67
67
67
67
67
67
67
67'
67
67
67
67
67

58 5C 50

68
68
68
68
68
68
68
68
68
68
60
68
68
68
68
68
68
68
68

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.93 m (76 in.) ELEVATION

18 IC ID 2A 28 2C 20 2E 3 6 38 3C 31 3E 4A 48 4C 40 4E 58 5C 50
RUN

N U-4R E R

41103D
41202D
415290
418080
4ZO14D
42206D
423050
424040
42512D
4Z6150
42711D
42910D
43009D
431150
432150
434010
438130
441160
44317D

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

70
70
70
70
70
70
70
70
70
7.0
70
70
70
70
70
70
70
70
70

71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
T4
74

7,
7,5
7,
75
75

76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77
77
77
7T
77

77

77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78

79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79
79

80
80
so
80
so
so
80
80
80
so
so
80
s0
80
No
s0
80
s0
80

K-4 8



TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.96 m (77 in.) ELEVATION

RUN
NU ARER

411030
412020
415290
418080
420140
422060
42305D
424040
4Z5120
426150
427110
42910D
430090
431150
432150
434010
438130
441160
443170

18 IC 1D 2A

82
62
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82

2B 2C 20 2E 3A 38 3C 30 3E 4A 48 4C 40 4'. 58 5C

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83

84
84
84
84
84
84
84
84

85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85

86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86

87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87

50

89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 1.98 m (78 in.) ELEVATION

1 C 10 Z •A 28 2C 20 2E 3. 38 3C 30 30E 4A 48 4C 40 4E 58 5C 50
RUN

411030
412020
415290
418080
420140
422060
423050
42404D
425120
42615D
427110
429100
430090
431150
432150
434010
438130
441160
443170

90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90

91 92
91 :2
91 92
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91
91

93
93
93
93

95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95

96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

98
98
98
96
98
98
98
98
98
98
98
98
98
98
98
98
98
98
98

100
100
100
too

100

100
100
1001oo
1oo
100

100too

100
1001oo
100
100

1oo

101 102
101 102
101 102
[01 10Z
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102
101 102

103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
103
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 2.13 m (84 in.) ELEVATION

RUN
NU n8ER

411o03n
412020
415290
41808D
420140
422060
42305D
424040
42512D
426150
42711D
429100
430090
431150
432150
43401D
43813D
44116D
44317D

1 1c ID 2A ?8 2C 20 21 f A 3B 3C 30 3E 4A 48 4C 40 4E 5B SC 50

109 110
109 110
109 110
109 110
109 110
109
109
109
109
109
109
109
109
109
109
109
109
109
109

111
111
111
111
111
111
111
111
111
111
111
111
111
11.1
111
111
111
111
111

112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114
112 113 114

115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115
115

116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118
116 117 118

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 2.29 m (90 in.) ELEVATION

RUN

41103D
412020
415290
418080
420140
42206D
423050
42404D
425120
42615D
42711D
429100
430090
431150
432150
434010
43813D
441160
44317D

18 IC 10 2A Z ZC 20 ZE 3A 38 3C 30 3E 4A 48 4C 40 4E 58 5C 5t

119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119

120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120
120

121
121
1z.
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
121

122
IZ2
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
123 124 125
1?3 124 125
123 124 125
123 125
123 125

127
127
IZ7
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127
127

128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128

129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
129 130
12 . 130
129 130
129 130
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 2.44 m (96 in.) ELEVATION

RUN
NU MBER

41103D
41202D
41529D
41508D
42014D
42206D
423050
424040
425120
42615D
42711D
429100
430090
43115D
43215D
43401D
43813D
441160
443170

18 IC 1D 2A 29 2C 20 2E 3A 3B 3C 30 3E

131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132
131 132

133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133

134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136
134 135 136

137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137
137

4A 48 4C 40 4E 58 5C 50

138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140
138 139 140

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 2.59 m (102 in.) ELEVATION

1 B IC 10 2A 28 2C 2 21E 3A 38 3C 3D 3E 4A 48 4C 4D 4E 5, 8 5C 5D
RUN

NUMBER

411030
412020
41529D
41808D
420140
42206D
42305D
42404D
42512D
42615D
42711D
429100
430090
4315D
43Z150
434010
438130
441160
44317D

141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142
141 142

143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143
143

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145
145

146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
146 147
t46 147
1t46 147
146 147
146 147

148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
148
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 2.82 m (111 in.) ELEVATION

RUN
NUM9ER

41103D
41202D
415290
41808D
42014D
422060
42305D
42404D
42512D
42615D
42711D
429100
43009D
43115D
432150
43401D
43813D
44116D
44317D

18 1C 10 2A 28 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 50

149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149
149

150 151
150 151
150 151
150 151
150 151
150 151
150 151
150 151
150 151
.150 151
150 151
150 151
150 151
150 151
150 151
150 151
150 151
150 151
150 151

153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153

155
155

155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155
155

156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156

157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157

158
158
158
158
158
158
158
158
158
158
15e
158
158
158
158
158
158
158
158

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 3.05 m (120 in.) ELEVATION

18 1 C 10 24 28 2C 20 2E 3A 38 3C 30 31E 4A 4B 4C 40 41E 58 5C 50
RUN

NUMBER

411030
412020
415290
418080
420140
422060
423050
42404D
42512D
42615D
42711D
429100
430090
43115D
43215D
434010
438130
44L16D
44317D

159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160
159 160

161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161

162
162
162
162
162
162
162
162
162
162
lb2
162
162
162
162
162
162
162
162

163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
163
t63
163

164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165
164 165

166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
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TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 3.35 m (132 in.) ELEVATION

18 1C 1D 2A 28 2C 20 2E 3A 38 3C 31 3E 4A 48 4C 40 41E 58 5C 5D
RUN

NU49ER

411030
41202D
41529D
418080
420140
42206D
42305D
42404D
425120
426150
42T110
42910D
430090
431150
432150
43401D
43813D
44116D
44317D

167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167

168
168
168
168
168
16e
168
168
168
168
168
168
168
168
168
168
168
168
168

169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169

TABLE K-4 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION D, 3.51 m (138 in.) ELEVATION

1, R C 10 2A 28 ZC 20 2E 3 A 3B 3C 3D 31 4A 4B 4C 40 4,E 58 5C 5D
RUN

NUNBER

41103D
412020
415290
418080
420140
422060
423050
424040
425120
426150
427110
429100
43009D
431150
43215D
434010
438130
441160
443170

170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170

172
172
172
172
172
172
17Z
172
172
172
172
172
172
172
172
172
172
172
172

173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
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TABLE K-4 (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION D

Ln
-P,

in ~ - -. ~.t- r. r- - N zO~r . r 0 N N N m m
m -c Lo -Loo

E

cn 0 00 0 0n - nCD - C- ( D C -4rD0 CD O0 0N 0 CD4 -D CJ LO C-4 -D CJ M- (D Mn -n Mn M

Run

41103D 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202

41202D

41529D

41808D
42014D

42206D

42305D
42404D

42512D
42615D
42711D

42910D

43009D
43115D
43215D

43401D

43813D
441160

443170



TABLE K-5

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 0.30 m (12 in.) ELEVATION

18 1 C 1ID 2A 20 2C 20 2E 3A 3B 3C 3D 3E 4A 4B 4C 4D 4E 50 5C 50
RJ3

4U43ER

4n1 32E
43503E
436'31E

41318E
41206E
41305E
41515E
41612E
41711E
411iDE
41913E
42314E
42215E
42315E
42415E
42509E
427•4E
43616E
43817E
43929E
44129E

I
I
1
I

I

I

I
1
1

I
1
1
1
I
1
1

2
2
2
2
2
2
2
2
2
2
2

2
2
2

22
2
2
2

4

4

4k
4

4

4

4
49
4
4
4

4

4

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 0.61 m (24 in.) ELEVATION

18 IC 1.0 2A 28 2C N0 21 3A 3B 3C 30 3E 44 48 4C 4D 41E

RU4
4UMBER

40102E
4j503E
40601E
41D08E
4127&E
41305E
41515E
41612E
41711E
41 81H
41913E
42014E
42215E
42315E
42415E
4259E
42704E
43616E
U3817E
43929E
44029E

5
5
5
5
5
5
5

5

5

5

5
5
S
.5
S

5
S
.5

6
6
6
6
6
6
6
6
6

6
6
6
6
6
6
6
6
6
6

6

5B 5C 5D

7
7
7
7
7
7
7
7
7
7
7
7
7
7
1
7
7
7
7
7
7
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 0.99 m (39 in.) ELEVATION

IB IC 1D 2A 28 2C 2D 2E 3A 3B 3 30 3E 4.A 48 4C 40 D 4E 58 5C 50
RUN

NUMBER

.0102E
4)503E

40b61E
41008E

41305E
41515E
41b12E
417111
4181 E
41913E
42014E
42215E
42315E
42415E
42539E
42734E
43616E
43317E
43929E
44 M 9

8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8
8

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

10la10
10
1 0
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.22 m (48 in.) ELEVATION

18 IC 1U 2A 2B ZC 2D ZE 3A 3B 3C 3D 3E 4A 48 4C 40 4E 5B 5C 5D
RUN

NUMBER

40102E
4'503E
40601E
41308E
41206E
41305E
41515E
41612E
41711E
4'181E
41913E
4.214E
42215E
.2315E

'2415E
42539E
.2704E

43616E
43817E
43929E
44329E

12
12
12
12
12
12
12
12
12
12
12
12
12
12
iz
12
12
12
12
12
12

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
13

14
14
1I
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.52 m (60 in.) ELEVATION

1B I(C ID 2A 28 ZC 20D 2E 3A 38 3X 3D 3E 44 48 4C 40 4E 58 5C 5U9UMBER

40102E
40503E
4ý601E

41 ).) 8 E
41216E
41305E
41515E
41b1ZE
41711E
4181DE
41913E
4ý014E
42215E
4M315E
42415E
'.2509E
42704E
43616E
43817E
4 3923E
440291

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

16
16
lo
10
16
16
16
16
l1
1b
16

I o

16,lb

16
I6
16

1 t

lIb
lb
lb
lb

17
1?
1?
17
17
17
17
17
17
17
17
17
17
1?
17
17
17
17
17
17
17

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.70 m (67 in.) ELEVATION

1• 1C 1 2 A 28 2.C 2.0 21E 3A 38 3C 3D 3E 41A 48 4C 40 4E 5B 5C 5DNUMBER

40102E
40503t
40601E
41308E
41236E
41335E
41515E
41612E
41711E
4181DE
41913E
42314E
42215E
42315E
42415E
42519E
42714E
43616E
43817E
43929E
44029E

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

zo

20

20
20
20
20)
20
2/1
201
20
20
20
20
20

,au

20
20
20
20

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

22
22
22
22
22
22
22
22
22
22
22
22
2Z
22
22
22
22
22
22
22
22

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

?5
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26
Z6
26

26
26
26
26
Z6
26
26
26
Z6
26
26
26
26
26
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.78 m (70 in.) ELEVATION

RUN
4U48ER

4GO3ZE

40503E
40601f
410D8E
41206E
41305E
41515E
4161ZE
41711E
418•BE
41?13E
42014E-
42215E
42315E
42415E
;2539E
42704E
43616E
43817E
43929E
44D29E

18 IC 10 2 A 28 2C 20 ZE 3A 3B 3C 3D 3F 4A 48 4C 40 4E 58 5C 5D

a.7
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

28
Z 1

2;8
28
28d
28
28d
28
ea
28
28
28d
28

28
28
28
26
28
28
z8

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29

30
30
30
30
30
30
30
30
30
30
30
30
30
3D
30
30
30
30
30
30
30

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

RUN
IU 43ER

40102E
41573E
40671t

41339E
412C6E
41335E
41515E
41612E
41711E
41811E
41913E
42014E
42215E
42315E
42415E
42579E
42704E
43b1bE
438t7E

43929E
44D29E

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.80 m (71 in.) ELEVATION

18 1C 10U 2A 2 ZC 20 2E 3A 38 3C 30 3E '.4 48 4C 4D 4 4E 58 5C 50

3-.
3$2
32
32
32

32
32

32
32
32ý
32
32
32
32?
32
3Z
32

32
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.83 m (72 in.) ELEVATION

RUN
4U4BER

401 •2E

40503E
40601E
410OD8E
41206E
41305E
41515E
41512t
41711iE
4181CE
41913E
42014E
42215E
42315E
42415E
42539E
42734E
43616E
43817E
43929E
44329E

IB IC 10 2A 28 2C ZU zE 3A 38 3C 30 3E 4A 48 4C

33
33
ý13
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

34
34
34
34
34
34
34
34
34
314
34
34
34
34
34
34
34
34
34
34
34

35
35
35
3,
35
35
35
35
35
3,
3,
35
35
35
35
35
35
35
35
35
35

4D 4E 5B 5C 5D

36
36
36
36
36
3b
36
36
36
36
36
36
36
346
36
36
36
36
36
36
36

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.85 m (73 in.) ELEVATION

QJ4

4C132E
43153E

41008E
412)36E
413)5E
41515E
41612E
41711E
4191.A
41913E
42014E
42?158
42315E
42415E
42509E
42704E
43616E
43817E
43929E
44329E

13 IC 11 2A 28 2C 2D 2E 3A 38 3C 30 3E 44 48 4C 4D 4E 5B 5C 5L

37
3?
37
37
37
37
37
37
37
37
3?
37
37
37
3?
37
37
37
37
3 ?
37

3 d

36•

3a

383d
3b

38
3 tl

38
3d
3d
3 d
38
3d
38
38

3d
3d
.38
38
36
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.88 m (74 in.) ELEVATION

RUN
4UMBER

43102E
40503E
4l601E
41308E
412 )6E
41335E
41515E
41612E
41711E
41811E
41913E
42014E
42215E
42315E
4Z415E
42509E
427)4E
43616E
43917E
43929E
44029E

18 IC 1L ZA 28 2( 2D 2E 3A

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39

3B 3C 30 3E 4A 48 4C 40 4E 5B 5C 5D

40
40
40
40
40
40
43
40
40
40
40
40
40
40
40
40
40
40
40
40
40

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

4Z
42
42
4Z
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.90 m (75 in.) ELEVATION

RUN
WU49ER

40102E

43503E
40631E
41033E
41206E
41305E
41515E
41512E
41711E
41810E
41913E
42014E
42215E
42315E
42415E
42519E
42704E
43616E
43817E
43929E
44029E

IB IC ID 2A 28 2C 2U 2E 3A

43
43
43
43
43
43
43
43
43
4,3
43
43
43
43
43
43
43
43
43
43
43

44
4*
44
44,
44
414
44
49
44
44
44
44
44,
44
44
44
44o
440
44I
44
44

4,545
45

45
45
45

45
45
4,5
45
4,
45

45

45
4545
4t,

38 3C 3D 3E 4 A 48 4C 40 4E 58 iC 50

46
46
46
46
46
46
46
4b
46
46
46
46
46
46
46
46
46
46
46
46

K-60



TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.93 m (76 in.) ELEVATION

18 1C I U 2A 28 2C 20 2E 3A 38 3C 3D 3E 4 A 4B 41C 4D 4E 58 5C 5D
R i 4 C4U MBER

431OZE

43503E
4 0611E
41)38E

41236E
41303E
41515E
4161ZE
41711E
4181EE
4lql3E
423141
42215E
42315E
42415E
42529E
42714E
43616E
43817E
43929E
44'$ 9E

47
47
It,7
It7
47
It7
47
47
47
4,7
4#7
47
47
47

I7
47

47
47
it747

48
48
48

48
48

46
48
48
48
48
48
48
4848

48

48
48

49
49
49
49
49
49
49
49
49
49
49
49
49
19
49
49
49
49
49
49
49

50
5 D
50
50
5050

50
'0
53
50
50
50
50
50
50
5D.
50
50
5D
50

51
51
SI
51
51
51
51
51
51
51
'I
51
51
51
51
51
51
51
51
51
'I

52
52
52
52
52
52
52
52
52
52
52
52
52
52
5z
52
52
52
52
52
52

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

54
54
54
54
54
54
54
54
54
54
i 4

5 4
54,
54
54
54
54
54
54
54
54

55
55
55
51
55
35
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.96 m (77 in.) ELEVATION

18 IC I, 2A 28 2C 20 2E 34 38 3C 30 31 4A 48 4C 40 4E
ýU4

HU40ER

4)513E4,•3102

4133SE

41206E
413)5E

41515E
416121
41 7111
4 18 10 E
41913E
42014E
422151
42315E
42415E
425'39E
42714f
43616E
43817E
43929E
44D29E

5B 5C 50

56
5b
5b
56
56
56
56
5b
56
56
56
5b
56
56
5b
55
55
5b
56
56
56

57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

58
58
58
S8
58
5d
58

58
5d
58

ba

58
58
58J
58
Sd
58

.58

59
59
54
59

59
59
59
59
59
59
59
59
59
59
59

59
59
59
59

60
60
6v
6U
60
by
6060

61
61
61
bl
bL
61

bl
61
61
61
61
61
ol61
61
61
6l
61
6l
6161
61

62
62
62
62
6?
6Z
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64

65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65

66
6b
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 1.98 m (78 in.) ELEVATION

1a IC L U ZA 2B 2C 2D Z"E 3A 3 3C 30 3F 4A 48 4C 40 4ERU
4

8ER

43112E
40503E
40601E
41 )')B
412 )6E
41305E
41515E
41512E
41711E
41R13E
41913E
42014E
42215E
42315E
42415E
42509E
42734E
436162
43817E
43929E
44029E

67
67
67
b7
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67
67

68
68
68
be
68
be
68
68
68
be
68
68
68
68
b8
68
68
b6
68
6b
68

69
69
09
b9
09
09
69
69
69
69
b69
b9
b9
09
b9
b9
69
b 9
o9
09
69

7O
70
74
7D
73
70
7D
70
70
70
7O
70
7D
70
7D
7?
73ý
70
70

7 D
7D

71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74

75
75
75
75
75
75
75
75
75
75
75
75
75
75
7,
75
75
75
75
75
7,

76
76
T6
7b
76
76
76
76
76
75
76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77
77
17
77
77
77
77
77
77
77
77
77
77

58 5C 5D

78
78
76
76
76
78
78
78
7b
7b
78
78
78
78
71
78
78
78
78
76
78

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.01 m (79 in.) ELEVATION

18 10 C u 2A 28 2C 20 2E 34 3B C 30 3E 4 A 49 4C 40 4E 58 5C 50
RUM

40102E
43,593E

41018E
412061
41305E
41515E
41612E
417112

41913E
42014E
42215E
42315E
42415E
425J9E
427)4E
k3616E
43817E
43929E
44029E

79 do
79 80
79 80
79 8U
79 60
79 80
79 8a
79 60
79 B8
79 60
79 80
79 80

80

80
81)

80
aO

60
8080)

81
81
81
81
81
81
81
81
8l
81L
81
81
81
81
81
81
81
81
81
81
el

82
82
82

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
S3
83

84
84
64
864
84
84

84d4
64
84
84
84
84
84
d4
8484
8 4
84

84
64
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.03 m (80 in.) ELEVATION

RJN
t~Q4ER

40112E
4D5)3E
40601E
4110E
4Ia~bE

41305E
41515E
4161ZE
41711E
41810E
41913E
42014E
42215E
42315E
42415E
425•9E
42734E
43616E
43817E
439Z9E
440 9E

1B iC 1 U 2 A 28 2C Z0 2E 3A 3B

85

85
80

05
85
85
d 5

85
a5
85
95
b 5
85
65
85
135

85
85
85
85

3C 3D 3E 44 48 4C 40 4E 5B 5C 5 U

86
86
86
86
86

86
86
86
8t6

86
86
86
86ob
86
86
86

86
86

87
87
87
8T
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87

88
88
88
88
88
88
88

88
88

98
88
88
88
88
88
88
88
88
88
88

88

89
89
89
89
89
89
89
89
E9
89
89
89
89
89
89
89
89
89
89
89
89

9U
99
9v
90

90

90
90
90
90
90
90
90

9v
9U;
90
90
90
90

IU4
14U MBER

40132E
40533E

41338E
412268

41335E
41515E
41612E
417118
41810E
41913E
42114E
42215E
42315E
42415E
42509E
42704E
43616E
43817E
43929E
44029E

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.06 m (81 in.) ELEVATION

1B IC IU 2A 28 ZC 2U ZE 3A aa 3C 3D 3E 4A 48 4C 4D 4E 5B 5C 5.D

91
91
91
91
91
91
91
91
91
91

91
91
91
91
91
91
91
91
91
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RUN
NUM 1ER

40102E
43503E
43b01E
411 D8E
412D6E
41335E
41515E
41612E
41711E
41810E
4 19138E
42014E
4 Z2 ISE

42315E
42415E
42509E
427o4E
43616E
43817E
43929E
44029E

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.08 m (82 in.) ELEVATION

18 1C I 2A 28 2 C 20 2E 3 A 38 3C 3D 3E 4,A 48 4,C 40 4E 58 5C 50

92
92
92
92
92
92
92
92
q2
92
92
9z
92
92
92
92z
92
92
92
92
92

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.13 m (84 in.) ELEVATION

IB IC 10 ZA 28 2C 2D 2E 3A 38 XC 3D 3E 4A 48 4C 40 4E )B 5C 50
RU4

NU43ER

40132E
41503E

40601E
41008E
41 216E
41305E
41515E
41612E
41711E
41813E
41913E
42014E
42215E
42315E
42415E
42519E
42704E
43616E
438 17E
43923E
440a9E

93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93

94
94
94
94
94

94
94
94
94
9,4
94
94
94
94
9s
94
94
94
94
94

95
95
95
95
Y5
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95

96
96
96
96
96
96
96
96
96
96
96
96
9b
96
96
96
96
9o
96
96
96

97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97
97

98 100 1I1
98 100 101
98 100 101
98 100 101
98 10 Ill1
98 185 101
48 100 101
98 100 101
98 100 1•1
98 185 ID1
98 153 101
98 100 101
98 100 101
98 100 101
98 10 101
98 181 101
98 10 101
98 1ll 101
98 100 tol
98 100 181
98 LO0 101

102
102
102
102
102
102
102
102
132
102
102
102
1•2
102
102
102
102
102
Iln
102
10?

1.C3 134
1C3 1-4
143 104
1C3 104
103 104
1C3 104
103 104
103 134
1C3 104
103 104
1163 104
103 114
103 104
103 104
1U3 104
1w3 104
103 104
103 104
103 134
103 104
103 104
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.29 m (90 in.) ELEVATION

1i IC ID 2A 28 2C 20 2E 3A 3B C 3D 3• 4A 48 4C 4D 4E
RUN

NUM •ER

40132E40O23EE
4D5S33E

40601E
41D003E
41206E
41305E
415151
416121
41711E
41810E
41913E
42014E
422151
42315E
42415E
42509E
42704E
43616E
43817E
43929E
443,231

IG9
i09
I09
109

£09109
IU9
1.09
109
Iu9
109
109
109
1#9

1019
109
1014

109
109
10;9

110 111 112
110 111 12
110 111 112
110 111 112
110 111 112
110 111 112
110 111 112
110 111 L1z
110 111 ILiz
110 111 LIZ
110 111 112
110 111 112
110 111 112
110 111 112
110 111 1±2
Il1a 111 liz
1i0 111 li2
110 111 l12
110 111 112
110 ill 112
110 111 112

113
113
113
113
113
113
113
l13
113
113
113
113
113
I13
113
Ii3
1.3
113
113
113
113

114
114
114

115 116 11?
115 116 117
115 116 117
115 116 117
115 116 I17
115 116 117
115 116 117
115 116 117
115 116 117
115 116 11?
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117
115 116 117

118 119 120
118 119 120
118 119 120
118 119 120
118 119 120
119 119 1zo
118 119 120
118 119 120
118 [19 120
119 119 120
118 119 120
118 119 120
118 119 120
118 119 120
l18 119 120

118 119 120
118 119 120
118 119 120
118 119 120
118 119 120
118 119 120

121
121
121
121
121
121
121
121
Iz1
121
121
121
121
121
121
121
121
121
121
121
121

5B SC 50

122 123
I22 123
122 123
122 123
122 123
122 123
122 123
122 123
122 123
122 123
12. 123
122 123
iZZ 123
122 123
122 123
122 123
122 123
122 123
122 123
122 123
122 123

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.44 m (96 in.) ELEVATION

18 1C Ii) 2A 28 2C 20 2r-3A 38 3C 3D 3E 4A 48 4C 40 4E 58 5C 5D
RU4

4U48ER

43102E
41503E
46601E
ý1)38E

41206E
41305E
415 151
41612E
41711f
41810E
41913E
42014E
42215E
4Z315E
42415E
42509E
4270ýE
43616E
43817E
43929E
44D29E

124
124
124
124
124
124
124
124
124
12 4
124
124
124
12 4
124
124
124
124
124
124
124

125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 126
125 1216
125 126
125 126
125 126
125 126

127 128 129 130
127 128 129 130
127 128 129 133.
127 128 129 130
127 128 129 133.
127 128 129 130
127 128 129 130
IZ? 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130
127 128 129 130

131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131

132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132

133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
133 134
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.59 m (102 in.) ELEVATION

168 C 10) 2A 20 2C 203 2E 3A 38 3C 30 3E 4A 48 4C 40 4E 56 3 c 50
RU4

40102E
40503E
40601E
413081

41 236E
413051
41515t
41612E
41711E
4151DE
41913E
42014E
42215E
42315E
42415E
42509QE
42704E
43616E
43817E
43929E
44029E

135 13o
135 13o
135 136
135 136
135 136
135 i30
135 13c
135 136
135 136
135 136
135 136
135 ±3b
135 ±30
135 13o
135 136
135 136
135 136
135 136
135 136
135 136
135 13B

137 138
137 138
137 138
137 138
13? 138
137 138
137 138
137 138
137 138
137 138
137 138

138
138
138
138
138
138
138
138
138
138

139 140 141
139 140 141
139 14. 141
139 140 141
139 140 141
139 140 141
139 140 141
139 140. 141
139 140 141
139 140 141
139 140 141
139 140 141
139 143. 141
139 140 141
139 140 141
139 140 141
139 143. 141
139 140 141
139 140 141
139 140 141
139 140 141

142 143
142 143
142 143
142 143
L42 143
142 143
14? 143
142 143
142 143
L42 143
142 143
L42 143
142 143
142 143
142 143
142 143
142 143
142 143
142 143
142 143
142 143

144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144
144

145
145
146
145
145
145
141.
145
145
145
145
145
145
145
145
145
145
145
145
145
145

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 2.82 m (111 in.) ELEVATION

I IC 1iU 2A 28 2C 2D ZE 3A 3B 3C 3D 3E 4A 48 4C 40 4 E
RUN

N UM B Z R

40102E
40513E
436311E

41236E
41335E
41515E
41612E
41111E
4131OE
417131
42014E
4ý22151
42315E
42415E
42509E
42734E
43616E
43817E
43929E
44D02E

5B 5C 5D

146
14b
146
146
146
146
146
146
146
14b
146
146
146
14b
146
146
146
14b
14b
146
1,46

147
1'#7
147

147
141
±,47
147
147
147
147
141
147
147
147
147

14.7

147
14?

148
148
148
148
148
148
148

±48

148
14.8

148

148
148
148

148
148
148

148
148

149 15D 151
149 15D 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 15D 151
149 150 151
149 150 151
149 15D 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151

152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
152 153 154
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 3.05 m (120 in.) ELEVATION

18 1C I0 2 A Z 2 L 20 ZE 3A 38 3C 3D 3E 44 B 4 C 40D 4E 5B 5C 50
RU4

NU49ER

4010ZE

40533E
40601E
41308E
412 )6E
41305E
41515E
41612E
41711E
41813E
41913E
42014E
42215E
42315E
42415E
42509E
42704E
43516t
43817E
43929E
44329E

156 157
15b ll'7

156 157
156 1ý7
156 157
156 157
156 157
156 151
156 157
156 157
156 157
156 157
156 157
156 151
156 157
156 1!7
156 157
156 157
156 157
156 157
156 157

158 159
158 159
150 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159

160 161 16s
160 161 162
1b0 161 162
160 161 162
loo 161 162
b1 161 162

160 161 16Z
160 161 16Z
160 161 162
Io0 1bl 16Z
160 161 162
lo0 161 162
160 161 162
1b0 161 16Z
160 161 16Z
1b0 161 162
160 161 162
161 161 162
160 161 162
16U 161 162
160 161 162

163 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164
M63 164

L63 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164
163 164

165
16:5
165
165
165
165
165
165

165
165
165
165
165
165
165
165
165
165
165
165

166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166
166,

TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 3.35 m (132 in.) ELEVATION

18 1 C IU 2A 28 2C 20 2E 3A 38 3C 3D 3E 4A 48 4 C 40 4 E 5 5 C 50
RU4

N UI 14 3 E R

40122E
40503E
416311
41)38E

4.1236E
41305E
41515E
41612E
41711E
418 11 E
41913E
42314E
42215E
42315E
42415E
42509E
42704E
43616E
43917E
43929E
44g29E

16?
167
167
167
167
167
167
167
167
167
167
167
167

16?
167

167
167
167
167
167

168
168
168
168

168
168

168
16 a
168
168
1b6
lb6
16b
1o8
168
lO8

168I.b60
1o8
lob

169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169

170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
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TABLE K-5 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION E, 3.51 m (138 in.) ELEVATION

R UN

40102E
40533E
41501£
41308E
41206E
41305E
41515E
41612E
41711E
413 10£
41913E
42D14E
42215E
42315E
42415£
42503E
'.2704E

43616E
43817E
43929E
44ý?9E

1l IC IU ZA 28 2C ZD

l7i
.171
17..
171171
17i

171
171
171

1hi171

171
17.17&
171
171

171
171

•E 3A 35 3C 3D 3E 4A 48 4C 40 4E 5B 5C 5D

172
172
172
172
172
172
172
172
172
172
172
17Z
172
172
172
172
172
172
172
172
172
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TABLE K-5 (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION E

E. 6- N- i:- iz r- N- N- Oiz iz i~ F- a- a- 0 z N N

Run

40102E 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202

40503E
40601 E

41008E

41206E

41305E

4151 5E

41 612 E

41711E

41810UE
41913E a - - 0 o - - w W w W ( w w---- ---- ---- ----- ---- - -

42014E

42215SE

42315E -- - - - - - - -- - - - - - - - - - - - - - - - - - - - -

42415E

42509E

42704E
43616E - - - - - - -- - - - - - - - - - - - - --- - - - -

43817E - - - 0 W - - - W ----- - - - N -------- M M W

43929E

44029E



TABLE K-6

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 0.30 m (12 in.) ELEVATION

RUN
NUMBER

40901F
41002F
41103F
41 229F
41509F
41608F
41 807F
41914F
42006F
4210SF
4221SF
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
4391 5F
4401 5F

18 IC 1D 28 28 2C 2D ZE 3A 38 3C 3D 3E 4A 4B 4C 40 4E 5B 5C 50

RUN
NUNSBER

40901F
41002F
41103F
41229F
41509F
4160OF
41 07 F
41914F
42006F
42 10SF
42215F
42612F
42711F
4281OF
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
4391 5F
44015F

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 0.61 m (24 in.) ELEVATION

18 1C 1D 28A 2 2C 2D 2E 3A 3B 3C 30 3E 4A 48 '4C 40 4E 58 5C 5D

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 0.99 m (39 in.) ELEVATION

la IC 10 ?& Z6 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 5B 5C 5D
RuN

NUMB8ER

40901F
4tOO2F
41103F
41229F
41509F
41608F
41807F
4191.F
42006F
42105F
42215F
4261ZF
42711F
428 IF
42915F
43104F
43333F
4343ZF
43534F
43631F
43813F
4391sF
4401 5F

4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4
4

5
S
5
S
S
S
S
S
S
5
S
5
S
S
5
S
S
5
S
S
S
5
S

6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6
6

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.22 m (48 in.) ELEVATION

18 IC 10 2A 281 2C 20 2E 3A 3B 3C 30 3E 4 4B 4,C 4D 4E 5B 5C 50
RUN

NUMBER

40901F
41002F
41103F
41ZZ9F
41509F
4160OF
41807F
41914F
42006F
42105F
42215F
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
439 13F
43915F
44015F

7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

8
8
8
B
8
8
8
8
S
8
8
S
8
8
B
S
B
8
8
8
8l
8
8l

9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9
9

99
9
9
9
9

9

10
10

10
10
10
10
10
10
10
10
10
10
10
to
10
10
10
10
10
10
10
10
10
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.52 m (60 in.) ELEVATION

1 IC 10 2A 2B 2C 20 2E 3A 38 3C 30 3E 4A 48 4C 4D 4E 58 5C 50
RUN

NU9BER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
41 914F
42006F
4210SF
4221SF
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12
12

13
13
13
13
13
13
13
13
13
13
13
13
13
13
13
t3
13
13
1.3
13
13
13
13

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.70 m (67 in.) ELEVATION

18 Ic ID 2A 24 2C 20 2F 3A 38 3C 30 3E 4A 48 4C 40 4E 58 5c 5o
RUN

NUISER

40901F
41002F
41103F
41229F
41 509F
41608F
41807F
41914F
4ZO0bF
410SF
4221 5F
4?612F
42711F
4281OF
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
4391 5F
44015F

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15
15

15
1515

16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16
16

17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17
17

18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
18
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.78 m (70 in.) ELEVATION

RUN
NUf98 ER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
41914F
42006F
42105F
4221SF
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

18 IC ID '2A Z8 2 2D 2E 3A 38 3C 30 3E 4A 48 4C 40 4E 5B 5C 50

19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19
19

20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
20
zo
20
20

21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21
21

22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
22
Z2
22
22
22
22
22
22

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.80 m (71 in.) ELEVATION

18 IC ID 2A 28 2C 2D 2E 38 3B 3C 30 3E 4A 48 4C 40 4E 5B 5C 5D
RUN

NUBE

40901F
41002F
40103F
41229F
41509F
4160OF
41807F
41914F
42006F
4210SF
42215F
42612F
4T71IF
4281OF
42915F
43tO4F
43333F
43432F
43534F
43631F
43913F
43915F
44015F

23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
24
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.83 m (72 in.) ELEVATION

1 IC 1D 2A 28 2C 20 ZE 3A 38 3C 30 3E 4A 48 4C 4D 4E 58 5C 5D
RUN

NUMBER

40901F
41002F
41103F
41229F
41509F
4160OF
41907F
41914F
42006F
4210SF
42215F
4261 2F
42711F
42810F
4291SF
43104F
43333F
43432F
43534F
43631F.
43613F
4391 5F
44015F

25
25
25

2,
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26
26

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.85 m (73 in.) ELEVATION

RUN
NUMBER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
41914F
42006F
42105F
42215F
42612F
42711F
4281OF
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

18 1C ID 2A 28

27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27
27

2C 20 ZE 3A 38 3C 30 3E 4A 48 4C 4D 4E 58 5C 50

28
26
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
28
26
20
28
28
28
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.88 m (74 in.) ELEVATION

RUN
NUMBER

40901F:

41002F:
41103F
41229F
41509F
416081:
418071F
41914F
42006F
42105F
4221 5F
42612F
42711F
4281OF
42915F
43104F
43333F
434321F
43534F
43631F
43813F
43915F
44015F

19 1C 10 2A 2B 2C 20 2E 3A 38 3C 30 3E 4A 4B 4C 4D 4E 58 5C 50

29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29
29

30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30
30

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

32
32
32
32
32
32
32
32
32
32
32
32
32
3Z
32
32
32
32
32
32
32
32
32

33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33
33

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.90 m (75 in.) ELEVATION

RUN
NUP18 ER

40901F
41002F
41103F
41229F
415O9F
41608F
41807F
41914F
42006F
42105F
4221SF
42b12F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

18

34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34
34

1C 1D 2 A 2 2C 20 2E 3A 3B 3C 30 3E 4A 48 4C 4D 4E 5S 5C 5D

35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35

36
36
36
36
36
36t
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36
36

37
17
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37
37

38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38
38

39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39
39

40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40
40

41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41
41

42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42
42

43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43
43

44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
44
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.93 m (76 in.) ELEVATION

RUN
NUMBER

40?01F
41002F
41103F
41229F
41509F
41608F
41807F
41914F
42006F
42105F
42215F
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

1B IC ID ?A 28 2C 20 2E 3A 38 3C 30 3E 4A 48 4C 40 4E 58 5C 50

45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45
45

46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46
46

47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47
47

48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48
48

49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49
49

50
50
5o
50
50
50
50
5o
50
50
so
50
50
50
50
50
50
50
50
50
50
50
50

51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51
51

52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52
52

53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53
53

54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54
54

'5
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55
55

56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56
56

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.96 m (77 in.) ELEVATION

1B IC 1 D ZA ZB 2C 20 2E 3A 38 3C 30 3E 4A 4B 4C 4D 4E 5B 5C 50

RUN
NUMBER

40901F
41002F
41103F
41229F
41 509F
41608F
41 807F
41914F
42006F
42105F
42215F
42612F
42711F
4Z810F
4291 5F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
4401 5F

57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57
57

58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58
58

59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
59
'9
59
59
59

60
50
60
60
60
60
6o
so
6c
60
60
60
60
60
60
60
60
60
60
60
60
s0
60

61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61
61

62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62
62

63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63
63

64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
64
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 1.98 m (78 in.) ELEVATION

18 IC ID 2A 28 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E 5B SC 5D
RUN

NUNBER

4010 F
41002F
41103F
41229F
41509F
4160O8F
41807F
41914F
42006F
42105F
42215F
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65
65

66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66
66

67
67
b7
67
67
67
67
b7
67
67
67
67
67
67
67
67
67
5'7
67
67
67
67
67

68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68
68

69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69
69

70
70
70
70
70
70

70
7O
70
70
7O

70
70
7O
7O
70
70
70
TO
70
70
70
70

71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71
71

72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72
72

73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73
73

74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74
74

75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
75
7s
75

76
76
76
76
76
76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77
77

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.01 m (79 in.) ELEVATION

18 IC 1D 26 28 2C 20 2E 3, 38 3C 30 3 46 48 4C 40 4 E B S C 50
RUN

NUMBER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
41914F
42006F
42105F
4221SF
42612F"
42711F
42810F
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78
78

79
79
79
79
79
79
79
79
79
79
T9
79
79
79
79
79
T9
79
79
79
79
79
?9

80

80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80
80

81
81
81
81
81
81
81
81
81
81
81
@1
81
81
81
81
81
81
81
81
81
81
81

82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
82
02
82

83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83
83

84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84
84

85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85
85

86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86
86

87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87
87

88
88

88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
88
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.03 m (80 in.) ELEVATION

RUN
NMUBER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
419 14F
42006F
42105F
'221 5F
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
436331F
43813F
4391 5F
44015F

18 IC 1D ZA 28 2C 2D 2E 3A 38 3C 30 31 4A 48 4C 40 4E 58 5C 50

89

89

89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89
89

90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90
90

91
91
91
91
91
91
91

91
91
?91
91
91
;91
91
91I
91
91
91

92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92
92

93'
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93
93

94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94
94

95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95
95

96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96
96

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.06 m (81 in.) ELEVATION

RUN
NUHBER

40901F
41002F
41103F
41229F
41 509F
41608F
41807F
41914F
42006F
42105F
42215F
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

18 IC 10 2A 2B 2C 20 2f- 3A 38 3C 30 3E 4A 4B 4C 40 4E 58 5C 5D

97
97
97
97
97
97
97
97
97
97
C7
97
97
97
97
97

97
97
97
97
97
97
97
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.13 m (84 in.) ELEVATION

RUN
NUMBER

40901F
41002F
41103F
41 229F
41509F
41608F
41 8o7F
41914F
42006F
42105F
42215F
42612F
42711F
42810F
42?915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
4401 5F

18 IC ID 2A 28 2C ZD 2E 3A 3B 3C 3D 3E 4A 48 4C 4D 4E 58 5C 5D

109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109
109

110
110
110
110
110
110
110
110
110
110
110
110
110
110
110
L10
1to
110
110
110
I1o
110
11o

111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111
111

11Z 113
112 113

112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
I1Z 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113
112 113

114
114
114
114
114
114
114
114
114.
114
114
114
114
114
114
114
114
114
114
114
114
114
114

115
115
115
115
115
115
I'S
115

115
115
115
115

115
115
115
115
115
115
115
115,
115
115

116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116
116

117
117

117
117
117
117
117
117
1it
117
117
117
117
117
117
117
l1l

117
117
117
117
117
117

118
118
118
118
li1
118
118
118
118
118

118

118lie

lie

118
118
118
li1
118
li1
118

118

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.29 m (90 in.) ELEVATION

18 IC ID 2 A 28 2C 2D 2E 3A 3B 3C 30 3E 4A 48 4C 40 4E 58 SC 5D
RUN

NUMBER

40901F
41002F
41103F
41229F
41509F
4160O8F
41807F
41914F
42006F
42105F
42215F
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119
119

Izo
120
120
120
120
120
12'0
120
120
120
120
120
120
120
120
120
120

120
120
120
12•0
120

120

121
121
121
121
121
121
121
121
121
121
121
121
121
121
121
1l2
121
121
121
121
121
121
121

Izz
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122
122

123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123
123

IZ4
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124
124

IZ5
125
125
125
125
125
125
125
125
125
125
125
125
125
125

125
125
125
125
125
125
125

IZ6 lZ7
126 127
126 127
126 127
126 127
126 127
126 127
126 127
126 127
126 127
126 127
126 127
126 I7
126 127
126 127
126 IZ7
126 127
126 127
126 127
126 127
126 127
126 127
126 127

1ze
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128
128

129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129
129

130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130
130

131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131
131

13Z
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
132
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.44 m (96 in.) ELEVATION

RUN
NU nBER

40901F
41002F
410O3F
41229F
41509F
41608F
41807F
41914F
42 0068F
42105F
42215F
42612F
4271F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
4391 5F
4401 5F

18 1C 1D 2A 28 2C 2D 2E 3A 38 3C 30 3E 4A 4B 4C 40 4E 58 5C 5D

133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133
133

134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134
134

135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136
135 136

137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 t39
137 138 139
137 138 139
137 t38 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139
137 138 139

140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141
140 141

142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142
142

143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
143 144
t43 144
143 144
143 144
143 144
143 '144
143 144
143 144
143 144

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.59 m (102 in.) ELEVATION

1B IC 10 2A ?B 2C 20 2E 3A 38 3C 3D 3E 4A 48 4C 40 4E
RUN

NU!BER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
4tgI4F
42006F
42105F
42215F
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
4391 SF
44015F

145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146
145 146

147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148
147 148

149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 -150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151
149 150 151

152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152
152

153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153
153

58 5C 5D

154 155
154 155
154 155
154 155
154 I55
154 155
154 155
154 155
154 155
154 155
154 15i
154 155
154 155
154 155
154 155
154 155
154 155
154 155
154 155
154 155
154 155
154 155
154 155
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 2.82 m (111 in.) ELEVATION

18 1C 10 2A 28 2C 20 2E 3A 38 3C 30 3E 4A 48 4C 40 41 E 8 5C 50
RUN

NU!1BER

40901F
41002F
4L103F
41229F
4150qF
41608F
41807F
4191 4F
42006F
42105F
42215F
42612F
42711F
4281OF
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156
156

157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157
157

158 159
158 "S9
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159
158 159

160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160
160

161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161
161

162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
16Z 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163
162 163

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 3.05 m (120 in.) ELEVATION

RUN
NU If 8 1E

40901F
41002F
41103F
412Z9F
41509F
41608F
41807F
41914F
42006F
4ZI0SF
42215F
42612F
42711F
4281OF
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
44015F

18 IC I0 2A 28

164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164
164

2C ZO 2E 3A 3 33C 30 3E 4A 48 4C 4D 4E 55 5C 50

165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166
165 166

167
167
167
167
167
17
Is7
i17
167
167
167
167
167
167
167
167
167
167
167
167
167
167
167

168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168
168

169
169
169
169
169
169
169
1.69
169
169
169
169
169
169
169
169
169
169
169
169
169
169
169
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TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 3.35 m (132 in.) ELEVATION

18 1C 10D 24 28B 2C 20 21F 3 A 38B 3C 3 D 31E 4A 48 4C 4D 4E 5B 5 C 50NU4RER

40901F
41002F
41103F
41229F
41509F
4160OF
41807F
41914F
42006F
4ZI0SF
4221SF
42612F
42711F
42810F
42915F
43104F
43333F
43432F
43534F
43631F
43813F
43915F
4'401 5F

170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170
170

171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171
171

172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172
172

173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173
173

TABLE K-6 (cont)

VALID THERMOCOUPLE CHANNELS

CONFIGURATION F, 3.51 m (138 in.) ELEVATION

1S IC 10 24 28 2C 2D 21E 36 35 3C 3D 31E 4A 48 4C 40 4E 5 5C 5
RUN

MU48ER

40901F
41002F
41103F
41229F
41509F
41608F
41807F
41914F
42006F
42105F
42215F
42612F
427111F
42810F
4291SF
43104F
43333F
43432F
43534F
43631F
43813F
439115F
44015F

174
174
174
174
174
174
174
174

175 176
175 176
175 176
175 176
175 178
175 176
175 176
175 176
175 176
175 176
17S 176
175 176
175 1?6
175. 176
175 176
175 176
175 176
175 176
175 176
175 176
175 176
175 176
175 176
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TABLE K-6 (cont)

VALID STEAM TEMPERATURE CHANNELS

CONFIGURATION F

00wo

Z s e s s s t0I 0 Nl Ns N cv) m

0) 0 CO U) U) MD to CD co 0) w N N- CD 04 co0 CD0 ý cý v ov - v CD

C'o

Run

40901F 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202

41002F

41103F

41229F

41509F

41608F

41807 F

41914F

42006F

42105F

42215F

42612F

42711 F

42810 F

42915F

43104F

43333F

43432F

43534F

43631 F

43813F

43915F

44015F



TABLE K-7

INVALID 21-ROD BUNDLE TESTS

Test Type of Test Reason Invalid

40928A

41001A

41102 A

41203A

41301A

41429A

41503 A

41603A

41702A

41824A

42008A

43312A

43411A

44017A

44202A

44602A

40228B

41202B

41303B

41529B

42612B

43312B.

40128C

41102C

41402C

41502C

41624C

Axial thermocouple check

Steam cooling

Steam cooling

Steam cooling

Steam cooling

Steam cooling

Steam cooling

Steam cooling

Steam cooling

Forced reflood

Forced reflood

Forced reflood

Forced reflood

Gravity reflood

Steam cooling

Steam cooling

Axial thermocouple check

Steam cooling

Steam cooling

Steam cooling

Forced reflood

Forced reflood

Axial thermocouple check

Steam cooling

Steam cooling

Steam cooling

Forced reflood

Unpowered bundle shakedown

Condensation in bundle

Condensation in bundle

Condensation in bundle

Condensation in bundle

Condensation in bundle

Condensation in bundle

Condensation in bundle

Condensation in bundle

Facility shakedown with poor power decay

Computer failure - data lost

Pretest turbine meter failure (no test)

Pretest turbine meter failure (no test)

Exhaust orifice undersized, providing poor

mass balance

Condensation in bundle

Condensation in bundle

Unpowered bundle shakedown

Condensation in bundle

Condensation in bundle

Boiler valved into upper plenum

Poor mass balance

Poor mass balance

Unpowered bundle shakedown

Condensation in bundle

Condensation in bundle

Condensation in bundle

Facility shakedown with poor mass balance
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TABLE K-7 (cont)

INVALID 21-ROD BUNDLE TESTS

Test Type of Test Reason Invalid

43011C

44002C

40028D

41003D

41429D

41709D

42106D

42810D

43301D

43513D

43613D

43713 D

40028E

40303E

40403E

43717E

40028F

41324F

41707F

42304F

42413F

42504F

Forced reflood

Steam cooling

Axial thermocouple check

Steam cooling

Steam cooling

Forced reflood

Forced reflood

Forced reflood

Steam cooling

Forced reflood

Forced reflood

Forced reflood

Axial thermocouple check

Steam cooling

Steam cooling

Gravity reflood

Axial thermocouple check

Forced reflood

Forced reflood

Forced reflood

Forced reflood

Forced reflood

Poor mass balance

Scrammed on seal plate overtemperature,

therefore not steady state

Unpowered bundle shakedown

Not steady state

Not steady state

Turbine meter overranged, therefore poor

mass balance

Scrammed on failed rod thermocouple over-

temperature at approximately turnaround time

Poor mass balance

Computer software failure

Computer hardware failure

Poor mass balance

Poor mass balance

Unpowered bundle shakedown

Condensation in bundle

Condensation in bundle

High [approximately 15 cm (6 in.)] initial

bundle water level

Unpowered bundle shakedown

Facility shakedown with poor mass balance

Poor mass balance

Poor mass balance

Poor mass balance

Low [approximately 5 cm (2 in.)] initial bundle

water level
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TABLE K-7 (cont)

INVALID 21-ROD BUNDLE TESTS

Test Type of Test Reason Invalid

43004F Forced reflood Poor mass balance

43231F Forced reflood Low [approximately 8.9 cm (3.5 in.)] initial

bundle water level

43713F Forced reflood Bundle overpowered at 3.41 kw/m (1.04 kw/ft)
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TABLE K-8

NONMATRIX VALID TESTS

Test Type of Test Reason Unsuitable for Analysis

40826A

42327A

43825A

41026B

41624B

42513B

43013B

43625B

40926C

41731C

41831C

42214C

43431C

43531C

43625C

41301D

41624D

41907 D

43925D

44017D

42217D

40226E

40729E

Steam cooling

Forced reflood

Gravity reflood

Steam cooling

Forced reflood

Forced reflood

Forced reflood

Gravity refl ood

Steam cooling

Forced reflood

Forced reflood

Forced reflood

Forced reflood

Forced reflood

Gravity reflood

Steam cooling

Forced reflood

Forced reflood

Gravity reflood

Gravity refl ood

Gravity reflood

Steam cooling

Steam cooling

Isothermal facility shakedown

Computer failure just past turnaround time

Facility shakedown

Isothermal facility shakedown

Facility shakedown

Pressure oscillations

Pressure oscillations

Facility shakedown

Isothermal facility shakedown

538 0C (1000 0 F) initial clad temperature

538 0C (1000 0 F) initial clad temperature

Pressure oscillations

538 0 C (1000 0 F) initial clad temperature

538 0 C (1000 0 F) initial clad temperature

Facility shakedown

Facility shakedown

Flooding rate 6.7 percent high for first

15 seconds

Facility shakedown

High initial water level in downcomer [0.38 m

(15 in.)]

Isothermal facility shakedown

Power at 1.32 kw
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TABLE K-8 (cont)

NONMATRIX VALID TESTS

Test Type of Test Reason Unsuitable for Analysis

40824E Forced reflood Facility shakedown

40908E Forced reflood Flooding rate 5.5 percent low for

approximately 10 seconds

41107E Forced reflood Flooding rate 5.1 percent high for

approximately 20 seconds

41404E Forced reflood

42109E Forced reflood Oscillating flooding rate at test initiation

42629E Steam cooling Computer continually scrammed during test

due to overranged test conditions in subroutine

to calculate steam flow

43525E Gravity reflood Facility shakedown

40826F Steam cooling Isothermal facility shakedown

41424F Forced reflood Facility shakedown
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40618A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.13 MPa (19 psia)

N/A

N/A

6.3 x 10-4 m 3 /sec (10 gal/min)

23°C (73OF)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

2645

0.53 m (21 in.) - 1.133

1.06 m (42 in.) - 1.546

1.57 m (62 in.) - 2.175

2.11 m (83 in.) - 2.306

2.59 m (102 in.) - 1.792

3.15 m (124 in.) - 1.901

0.61-0.91 m (24-36 in.) - 0.0544

2.74-3.05 m (108-120 in.) - 0.0564

3.35-3.56 m (132-140 in.) - 0.0542

1.3376 kPa (0.19400 psid)

1.3610 kPa (0.19739 psid)

C. Comments
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40818B

Test Date: 6/10/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 3

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: -I

Measured overall bundle pressure drop: 1

Calculated overall bundle pressure drop: 1

0.20 MPa (29 psia)

N/A

N/A

6.69 x 10-4 m 3 /sec (10.6 gal/min)

26 0 C (78 0F)

N/A

N/A

037

.53 m (21 in.) - 0.989

.07 m (42 in.) - (a)

.59 m (102 in.) - 1.159

.15 m (124 in.) - 1.227

.61-0.91 m (24-36 in.) - 0.043

.74-3.05 m (108-120 in.) - 0.056

.35-3.56 m (132-140 in.) - 0.068

0.650

.534 kPa (0.2225 psid)

.402 kPa (0.2033 psid)

C. Comments:

a. Nonsteady linearly increasing from 0.105 to 0.155 kPa (0.0152 to 0.0225 psid)
pressure drop at 0.91-1.22 m (36-48 in.) elevation

K-90



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40718C

T est D ate: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

6.36 x 10-4 m3 /sec (10.1 gal/min)

30 0 C (86 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

3205

0.53 m (21 in.) - 0.846

1.07 m (42 in.) - 1.062

2.59 m (102 in.) - 1.676

3.15 m (124 in.) - 1.345

0.61-0.91 m (24-36 in.) - 0.049

2.74-3.05 m (108-120 in.) - 0.053

3.35-3.56 m (132-140 in.) - 0.078

2.42

1.51 kPa (0.219 psid)

1.50 kPa (0.218 psid)

C. Comments:

K-91



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40718D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.14 MPa (20 psia)

N/A

N/A

6.37 x 10-4 m 3 /sec (10.1 gal/min)

23 0 C (74)F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

2685

0.53 m (21 in.) - 1.379

1.07 m (42 in.) - 1.752

2.59 m (102 in.) - 1.933

3.15 m (124 in.) - 1.555

0.61-0.91 m (24-36 in.) - 0.036

2.74-3.05 m (108-120 in.) - 0.048

3.35-3.56 m (132-140 in.) - 0.046

1.238

1.32 kPa (0.191 psid)

1.30 kPa (0.189 psid)

C. Comments:

K-92



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42818E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.15 MPa (22 psia)

N/A

N/A

6.75 x 10- 4 m 3 /sec (10.7 gal/min)

27 0 C (81 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

3126

0.53 m (21 in.) - 1.233

1.07 m (42 in.) - 1.302

2.59 m (102 in.) - 1.943

3.15 m (124 in.) - 1.567

0.61-0.91 m (24-36 in.) - 0.045

2.74-3.05 m (108-120 in.) - 0.049

3.35-3.56 m (132-140 in.) - 0.052

4.023

1.71 kPa (0.248 psid)

1.68 kPa (0.243 psid)

C. Comments:

K-93



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40618F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (17 psia)

N/A

N/A

0.590 x 10-4 m3 /sec (9.35 gal/min)

25.7 0 C (78.2 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

2617

0.53 m (21 in.) - 1.529

1.07 m (42 in.) - 1.479

2.59 m (102 in.) - 2.266

3.15 m (124 in.) - 2.005

0.61-0.91 m (24-36 in.) - 0.052

2.74-3.05 m (108-120 in.) - 0.051

3.35-3.56 m (132-140 in.) - 0.047

5.406

1.38 kPa (0.200 psid)

1.43 kPa (0.208 psid)

C. Comments:

K-94



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40419A

Test Date: 3 /5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.13 MPa (19 psia)

N/A

N/A

1.3 x 10-3 m3 /sec (20 gal/min)

23 0 C (74 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

5431

0.53 m (21 in.) - 0.910

1.06 m (42 in.) - 1.126

1.57 m (62 in.) - 1.447

2.11 m (83 in.) - 1.711

2.59 m (102 in.) - 1.367

3.15 m (124 in.) - 1.308

0.61-0.91 m (24-36 in.) - 0.041

2.74-3.05 m (108-120 in.) - 0.042

3.35-3.56 m (132-140 in.) - 0.043

4.166 kPa (0.6042 psid)

4.183 kPa (0.6067 psid)

C. Comments

K-9 5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40619B

Test Date: 6/10/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.26 MPa (37 psia)

N/A

N/A

1.32 x 10- 3 m3 /sec (20.9 gal/min)

250 C (77 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

5866

0.53 m (21 in.) - 0.897

1.07 m (42 in.) - 1.023

2.59 m (102 in.) - 1.261

3.15 m (124 in.) - 1.151

0.61-0.91 m (24-36 in.) - 0.037

2.74-3.05 m (108-120 in.) - 0.041

3.35-3.56 m (132-140 in.) - 0.044

-0.052

4.574 kPa (0.6634 psid)

4.445 kPa (0.6446 psid)

C. Comments:

K-96



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40519C

Test Date: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.15 MPa (22 psia)

N/A

N/A

1.25 x 10-3 m 3 /sec (19.8 gal/min)

30 0 C (86 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

6251

0.53 m (21 in.) - 0.773

1.07 m (42 in.) - 0.870

2.59 m (102 in.) - 1.358

3.15 m (124 in.) - 1.157

0.61-0.91 m (24-36 in.) - 0.039

2.74-3.05 m (108-120 in.) - 0.042

3.35-3.56 m (132-140 in.) - 0.049

1.975

4.43 kPa (0.643 psid)

4.39 kPa (0.636 psid)

C. Comments:

K-97



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40519D

Test D ate: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.14 MPa (21 psia)

N/A

N/A

1.27 x 10-3 m 3 /sec (20.2 gal/min)

23°C (73 OF)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

5300

0.53 m (21 in.) - 0.920

1.07 m (42 in.) - 1.041

2.59 m (102 in.) - 1.468

3.15 m (124 in.) - 1.159

0.61-0.91 m (24-36 in.) - 0.035

2.74-3.05 m (108-120 in.) - 0.038

3.35-3.56 m (132-140 in.) - 0.039

0.373

4.19 kPa (0.607 psid)

4.11 kPa (0.596 psid)

C. Comments:

K-98



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43219E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.11 MPa (16 psia)

N/A

N/A

1.29 x 10- 3 m3 /sec (20.5 gal/min)

26 0 C (79 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

5793

0.53 m (21 in.) - 0.917

1.07 m (42 in.) - 0.956

2.59 m (102 in.) - 1.462

3.15 m (124 in.) - 1.177

0.61-0.91 m (24-36 in.) - 0.035

2.74-3.05 m (108-120 in.) - 0.038

3.35-3.56 m (132-140 in.) - 0.040

2.812

4.76 kPa (0.691 psid)

4.67 kPa (0.677 psid)

C. Comments:

K-99



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40419F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.097 MPa (14 psia)

N/A

N/A

1.2x 10-3 m 3 /sec (19 gal/min)

28.7 0 C (83.6 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

5682

0.53 m (21 in.) - 1.066

1.07 m (42 in.) - 0.896

2.59 m (102 in.) - 1.579

3.15 m (124 in.) - 1.413

0.61-0.91 m (24-36 in.) - 0.038

2.74-3.05 m (108-120 in.) - 0.037

3.35-3.56 m (132-140 in.) - 0.039

3.277

4.19 kPa (0.607 psid)

4.21 kPa (0.611 psid)

C. Comments:

K-100



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40220A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

1.9 x 10-3 m 3 /sec (30 gal/min)

25 0 C (77 0F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

8518

0.53 m (21 in.) - 0.804

1.06 m (42 in.) - 0.960

1.57 m (62 in.) - 1.217

2.11 m (83 in.) - 1.478

2.59 m (102 in.) - 1.175

3.15 m (124 in.) - 1.128

0.61-0.91 m (24-36 in.) - 0.03691

2.74-3.05 m (108-120 in.) - 0.03565

3.35-3.56 m (132-140 in.) - 0.03947

8.364 kPa (1.213 psid)

8.267 kPa (1.199 psid)

C. Comments

K-101



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40720A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.17 MPa (24 psia)

N/A

N/A

1.9 x 10-3 m 3 /sec (30 gal/min)

22 0 C (71 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

C. Comments:

This test was a repeat of run 40220A.

7835

0.53 m (21 in.) - 0.840

1.07 m (42 in.) - 1.007

1.57 m (62 in.) - 1.261

2.11 m (83 in.) - 1.514

2.59 m (102 in.) - 1.225

3.15 m (124 in.) - 1.148

0.61-0.91 m (24-36 in.) - 0.0370

2.74-3.05 m (108-120 in.) - 0.0379

3.35-3.56 m (132-140 in.) - 0.0391

8.4209 kPa (1.2213 psid)

8.4478 kPa (1.2252 psid)

K-102



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40420B

Test Date: 6/9/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.20 MPa (29 psia)

N/A

N/A

1.87 x 10-3 m 3 /sec (29.7 gal/min)

26 0 C (78 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

8452

0.53 m (21 in.) - 0.906

1.07 m (42 in.) - 1.098

2.59 m (102 in.) - 1.314

3.15 m (124 in.) - 1.155

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

0.61-0.91 m (24-36 in.) - 0.033

2.74-3.05 m (108-120 in.) - 0.034

3.35-3.56 m (132-140 in.) - 0.032

0.408

8.074 kPa (1.171 psid)

7.950 kPa (1.153 psid)

C. Comments:

K-103



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40920B

Test Date: 6/10/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.19 MPa (27 psia)

N/A

N/A

1.96 x 10-3 m 3 /sec (31.1 gal/min)

25 0 C (77 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

C. Comments:

This test was a repeat of run 40420B.

8759

0.53 m (21 in.) - 0.817

1.07 m (42 in.) - 0.950

2.59 m (102 in.) - 1.193

3.15 m (124 in.) - 1.060

0.61-0.91 m (24-36 in.) - 0.034

2.74-3.05 m (108-120 in.) - 0.035

3.35-3.56 m (132-140 in.) - 0.037

0.211

8.970 kPa (1.301 psid)

8.777 kPa (1.273 psid)

K-104



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40320C

Test Date: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

1.91 x 10-3 m 3 /sec (30.3 gal/min)

30 0 C (86 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

9525

0.53 m (21 in.) - 0.711

1.07 m (42 in.) - 0.770

2.59 m (102 in.) - 1.194

3.15 m (124 in.) - 1.033

0.61-0.91 m (24-36 in.) - 0.035

2.74-3.05 m (108-120 in.) - 0.037

3.35-3.56 m (132-140 in.) - 0.041

1.783

9.143 kPa (1.326 psid)

8.957 kPa (1.299 psid)

C. Comments:

K-105



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40820C

Test Date: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

1.92 x 10-3 m 3 /sec (30.4 gal/min)

29 0 C (85 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

9571

0.53 m (21 in.) - 0.707

1.07 m (42 in.) - 0.761

2.59 m (102 in.) - 1.187

3.15 m (124 in.) - 1.026

0.61-0.91 m (24-36 in.) - 0.035

2.74-3.05 m (108-120 in.) - 0.037

3.35-3.56 m (132-140 in.) - 0.040

1.733

9.074 kPa (1.316 psid)

8.984 kPa (1.303 psid)

C. Comments:

K-106



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40220D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (17 psia)

N/A

N/A

1.96 x 10-3 m 3 /sec (31.1 gal/min)

24 0 C (75 0F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

8430

0.53 m (21 in.) - 0.752

1.07 m (42 in.) - 0.800

2.59 m (102 in.) - 1.256

3.15 m (124 in.) - 0.992

0.61-0.91 m (24-36 in.) - 0.033

2.74-3.05 m (108-120 in.) - 0.033

3.35-3.56 m (132-140 in.) - 0.034

0.326

8.591 kPa (1.246 psid)

8.474 kPa (1.229 psid)

C. Comments:

K-107



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40820D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

1.97 x 10-3 m 3 /sec (31.2 gal/min)

23 0 C (73 OF)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Fricti on factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

C. Comments:

This test was a repeat of run 40220D.

8246

0.53 m (21 in.) - 0.779

1.07 m (42 in.) - 0.839

2.59 m (102 in.) - 1.287

3.15 m (124 in.) - 1.007

0.61-0.91 m (24-36 in.) - 0.032

2.74-3.05 m (108-120 in.) - 0.034

3.35-3.56 m (132-140 in.) - 0.034

0.3 71

8.901 kPa (1.291 psid)

8.681 kPa (1.259 psid)

K-108



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42920E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked,

long sleeves (36%)

noncoplanar,

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.28 MPa (40 psia)

N/A

N/A

2.00 x 10-3 m 3 /sec (31.7 gal/min)

27 0 C (81 0F)

N/A

N/A

B. Summary Results:

Reynolds number: 9260

Grid loss coefficients: 0.53 m (21 in.) - 0.837

1.07 m (42 in.) - 0.820

2.59 m (102 in.) - 1.286

3.15 m (124 in.) - 1.025

Friction factors: 0.61-0.91 m (24-36 in.) - 0.030

2.74-3.05 m (108-120 in.) - 0.034

3.35-3.56 m (132-140 in.) - 0.035

Blockage loss coefficient: 2.732

Measured overall bundle pressure drop: 10.02 kPa (1.453 psid)

Calculated overall bundle pressure drop: 9.881 kPa (1.433 psid)

C. Comments:

K-109



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43420E

Test D ate: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.12 MPa (18 psia)

N/A

N/A

1.93 x 10-3 m 3 /sec (30.6 gal/min)

25 0 C (77 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

8458

0.53 m (21 in.) - 0.851

1.07 m (42 in.) - 0.815

2.59 m (102 in.) - 1.272

3.15 m (124 in.) - 1.034

0.61-0.91 m (24-36 in.) - 0.031

2.74-3.05 m (108-120 in.) - 0.035

3.35-3.56 m (132-140 in.) - 0.037

2.641

9.536 kPa (1.383 psid)

9.398 kPa (1.363 psid)

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

C. Comments:

K-110



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40220F

Test D ate: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.17 MPa (25 psia)

N/A

N/A

1.84 x 10- 3 m3 /sec (29.2 gal/min)

28.1 0 C (82.5 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

8389

0.53 m (21 in.) - 0.988

1.07 m (42 in.) - 0.717

2.59 m (102 in.) - 1.360

3.15 m (124 in.) - 1.168

0.61-0.91 m (24-36 in.) - 0.032

2.74-3.05 m (108-120 in.) - 0.031

3.35-3.56 m (132-140 in.) - 0.036

2.897

8.681 kPa (1.259 psid)

8.701 kPa (1.262 psid)

C. Comments:

K-Ill



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40720F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.121 MPa (17.5 psia)

N/A

N/A

1.88 x 10-3 m3 /sec (29.8 gal/min)

25.7 0 C (78.2 0F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

C. Comments:

This test was a repeat of run 40220F.

8650

0.53 m (21 in.) - 1.015

1.07 m (42 in.) - 0.770

2.59 m (102 in.) - 1.404

3.15 m (124 in.) - 1.210

0.61-0.91 m (24-36 in.) - 0.032

2.74-3.05 m (108-120 in.) - 0.031

3.35-3.56 m (132-140 in.) - 0.035

3.026

9.184 kPa (1.332 psid)

9.163 kPa (1.329 psid)

K-112



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40121A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Confiquration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.19 MPa (27 psia)

N/A

N/A

2.5 x 10-3 m3 /sec (40 gal/min)

26 0 C (78 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

11464

0.53 m (21 in.) - 0.769

1.07 m (42 in.) - 0.911

1.57 m (62 in.) - 1.133

2.11 m (83 in.) - 1.355

2.59 m (102 in.) - 1.116

3.15 m (124 in.) - 1.034

0.61-0.91 m (24-36 in.) - 0.033

2.74-3.05 m (108-120 in.) - 0.034

3.35-3.56 m (132-140 in.) - 0.035

13.32 kPa (1.932 psid)

13.38 kPa (1.940 psid)

C. Comments

K-113



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40321B

Test Date: 6/9/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.18 MPa (26 psia)

N/A

N/A

2.49 x 1 0 -3 m 3 /sec (39.4 gal/min)

24 0 C (76 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

10941

0.53 m (21 in.) - 0.834

1.07 m (42 in.) - 0.989

2.59 m (102 in.) - 1.213

3.15 m (124 in.) - 1.071

0.61-0.91 m (24-36 in.) - 0.03166

2.74-3.05 m (108-120 in.) - 0.03173

3.35-3.56 m (132-140 in.) - 0.03134

0.419

13.46 kPa (1.952 psid)

13.28 kPa (1.926 psid)

C. Comments:

K-114



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40221C

Test Date: 8/11/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.22 MPa (32 psia)

N/A

N/A

2.48 x 1 0 -3 m 3 /sec (39.3 gal/min)

30 0C (86 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

12436

0.53 m (21 in.) - 0.678

1.07 m (42 in.) - 0.728

2.59 m (102 in.) - 1.117

3.15 m (124 in.) - 0.973

0.61-0.91 m (24-36 in.) - 0.032

2.74-3.05 m (108-120 in.) - 0.035

3.35-3.56 m (132-140 in.) - 0.037

1.579

14.09 kPa (2.044 psid)

13.89 kPa (2.014 psid)

C. Comments:

K-115



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40121D

Test Date: 10/3/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.28 MPa (40 psia)

N/A

N/A

2.49 x 10-3 m 3 /sec (39.5 gal/min)

25 0 C (77 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

10993

0.53 m (21 in.) - 0.720

1.07 m (42 in.) - 0.750

2.59 m (102 in.) - 1.193

3.15 m (124 in.) - 0.966

0.61-0.91 m (24-36 in.) - 0.031

2.74-3.05 m (108-120 in.) - 0.031

3.35-3.56 m (132-140 in.) - 0.031

0.386

13.01 kPa (1.887 psid)

12.78 kPa (1.854 psid)

C. Comments:

K-116



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43021E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked,

long sleeves (36%)

noncopla nar,

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.19 MPa (28 psia)

N/A

N/A

2.57 x 10- 3 m 3 /sec (40.8 gal/min)

27 0 C (80 0F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

11762

0.53 m (21 in.) - 0.831

1.07 m (42 in.) - 0.742

2.59 m (102 in.) - 1.165

3.15 m (124 in.) - 0.937

0.61-0.91 m (24-36 in.) - 0.028

2.74-3.05 m (108-120 in.) - 0.032

3.35-3.56 m (132-140 in.) - 0.034

2.580

15.62 kPa (2.266 psid)

15.46 kPa (2.242 psid)

C. Comments:

K-117



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40121F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.176 MPa (25.5 psia)

N/A

N/A

2.48 x 10-3 m 3 /sec (39.3 gal/min)

27.4 0 C (81.4 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

11403

0.53 m (21 in.) - 0.987

1.07 m (42 in.) - 0.684

2.59 m (102 in.) - 1.301

3.15 m (124 in.) - 1.099

0.61-0.91 m (24-36 in.) - 0.029

2.74-3.05 m (108-120 in.) - 0.029

3.35-3.56 m (132-140 in.) - 0.032

2.867

14.47 kPa (2.098 psid)

14.45 kPa (2.096 psid)

C. Comments:

K-118



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40322A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.18 MPa (26 psia)

N/A

N/A

3.2 x 10-3 m3 /sec (50 gal/min)

24 0 C (75 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

13695

0.53 m (21 in.) - 0.740

1.07 m (42 in.) - 0.871

1.57 m (62 in.) - 1.077

2.11 m (83 in.) - 1.303

2.59 m (102 in.) - 1.071

3.15 m (124 in.) - 0.992

0.61-0.91 m (24-36 in.) - 0.032

2.74-3.05 m (108-120 in.) - 0.033

3.35-3.56 m (132-140 in.) - 0.034

20.23 kPa (2.934 psid)

20.23 kPa (2.934 psid)

C. Comments

K-119



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40522B

Test Date: 6/10/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.28 MPa (40 psia)

N/A

N/A

3.17 x 10-3 m 3 /sec (50.3 gal/min)

24 0 C (75 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

13757

0.53 m (21 in.) - 0.756

1.07 m (42 in.) - 0.873

2.59 m (102 in.) - 1.117

3.15 m (124 in.) - 0.987

0.61-0.91 m (24-36 in.) - 0.0304

2.74-3.05 m (108-120 in.) - 0.0308

3.35-3.56 m (132-140 in.) - 0.0320

0.341

20.67 kPa (2.998 psid)

20.97 kPa (3.041 psid)

C. Comments:

K-120



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40422C

Test Date: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3
Blockage loss coefficient: 0

Measured overall bundle pressure drop: 2

Calculated overall bundle pressure drop: 2

0.23 MPa (33 psia)

N/A

N/A

3.24 x 10 -3 m3 /sec (51.3 gal/min)

29 0 C (84 0 F)

N/A

N/A

5918

.53 m (21 in.) - 0.668

.07 m (42 in.) - 0.724

.59 m (102 in.) - 1.107

.15 m (124 in.) - 0.958

.61-0.91 m (24-36 in.) - 0.032

.74-3.05 m (108-120 in.) - 0.033

.35-3.56 m (132-140 in.) - 0.035

.829(a)

3.54 kPa (3.414 psid)

'2.28 kPa (3.232 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 1.82.

K-121



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40422D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.17 MPa (25 psia)

N/A

N/A

3.17 x 10-3 m 3 /sec (50.3 gal/min)

26 0 C (78 0F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

12996

0.53 m (21 in.) - 0.674

1.07 m (42 in.) - 0.729

2.59 m (1.02 in.) - 1.143

3.15 m (124 in.) - 0.891

0.61-0.91 m (24-36 in.) - 0.030

2.74-3.05 m (108-120 in.) - 0.030

3.35-3.56 m (132-140 in.) - 0.031

0.345

20.38 kPa (2.956 psid)

20.04 kPa (2.906 psid)

C. Comments:

K-122



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43122E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.27 MPa (39 psia)

N/A

N/A

3.2 x 10-3 m 3 /sec (50 gal/min)

26 0 C (79 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Blockage loss coefficient:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

14158

0.53 m (21 in.) - 0.732

1.07 m (42 in.) - 0.711

2.59 m (102 in.) - 1.099

3.15 m (124 in.) - 0.881

0.61-0.91 m (24-36 in.) - 0.027

2.74-3.05 m (108-120 in.) - 0.031

3.35-3.56 m (132-140 in.) - 0.032

2.480

22.23 kPa (3.224 psid)

21.96 kPa (3.185 psid)

C. Comments:

K-123



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40322F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle Water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: I

Measured overall bundle pressure drop: 2

Calculated overall bundle pressure drop: 2

0.21 MPa (30 psia)

N/A

N/A

3.11 x 1 0 -3 m 3 /sec (49.3 gal/min)

28.1 0 C (82.5 0 F)

N/A

N/A

4598

.53 m (21 in.) - 0.976

.07 m (42 in.) - 0.639

.59 m (102 in.) - 1.240

.15 m (124 in.) - 1.021

.61-0.91 m (24-36 in.) - 0.026

.74-3.05 m (108-120 in.) - 0.027

.35-3.56 m (132-140 in.) - 0.031

.329(a)

1.73 kPa (3.152 psid)

:0.04 kPa (2.907 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 2.946.

K-124



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40523A

Test Date: 3/5/80

Test Type: Hydraulic Characteristics

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.21 MPa (31 psia)

N/A

N/A

3.8 x 10 -3 m3 /sec (60 gal/min)

23oC (74 0 F)

N/A

N/A

B. Summary Results:

Reynolds number:

Grid loss coefficients:

Friction factors:

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

16287

0.53 m (21 in.) - 0.722

1.07 m (42 in.) - 0.844

1.57.m (62 in.) - 1.044

2.11 m (83 in.) - 1.125

2.59 m (102 in.) - 1.041

3.15 m (124 in.) - 0.962

0.61-0.91 m (24-36 in.) - 0.0310

2.74-3.05 m (108-120 in.) - 0.0312

3.35-3.56 m (132-140 in.) - 0.0324

28.23 kPa (4.094 psid)

27.96 kPa (4.055 psid)

C. Comments

K-125



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40723B

Test Date: 6/10/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: 0

Measured overall bundle pressure drop: 2

Calculated overall bundle pressure drop:

0.34 MPa (50 psia)

N/A

N/A

3.76 x 10-3 m 3 /sec (59.6 gal/min)

250 C (77 0 F)

N/A

N/A

6759

1.53 m (21 in.) - 0.734

.07 m (42 in.) - 0.847

.59 m (102 in.) - 1.092

'.15 m (124 in.) - 0.962

1.61-0.91 m (24-36 in.) - 0.0292

.74-3.05 m (108-120 in.) - 0.0292

.35-3.56 m (132-140 in.) - 0.0303

.21 3 (a)

28.26 kPa (4.099 psid)
27.55 kPa (3.995 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 0.618.

K-126



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40623C

Test Date: 8/12/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: 0

Measured overall bundle pressure drop:

Calculated overall bundle pressure drop:

0.28 MPa (40 psia)

N/A

N/A

3.72 x 10-3 m3 /sec (58.9 gal/min)

31 0 C (87 0F)

N/A

N/A

8870

1.53 m (21 in.) - 0.646

.07 m (42 in.) - 0.695

.59 m (102 in.) - 1.062

.15 m (124 in.) - 0.924

1.61-0.91 m (24-36 in.) - 0.031

.74-3.05 m (108-120 in.) - 0.032

.35-3.56 m (132-140 in.) - 0.033

1.07 5(a)

29.68 kPa (4.304 psid)

!6.99 kPa (3.914 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 1.83.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40623D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: -I

Measured overall bundle pressure drop: 2

Calculated overall bundle pressure drop: 2

0.22 MPa (32 psia)

N/A

N/A

3.8 x 10-3 m 3 /sec (60 gal/min)

23 0 C (73OF)

N/A

N/A

5774

.53 m (21 in.) - 0.669

.07 m (42 in.) - 0.709

.59 m (102 in.) - 1.121

.15 m (124 in.) - 0.868

.61-0.91 m (24-36 in.) - 0.029

.74-3.05 m (108-120 in.) - 0.029

.35-3.56 m (132-140 in.) - 0.030
0.028(a)

8.50 kPa (4.134 psid)

7.35 kPa (3.966 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 0.712.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40322D

Test Date: 10/6/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure 0.28 MPa (40 psia)

Initial peak clad temperature and location N/A

Initial peak rod power N/A

Flow rate 3.8 x 10-3 m 3 /sec (60 gal/min)

Coolant temperature 23 0 C (73OF)

Average and range of initial 1.83 m

(72 in.) housing temperature N/A

Initial bundle water level N/A

B. Summary Results:

Reynolds number: 15749

Grid loss coefficients: 0.53 m (21 in.) - 0.680

1.07 m (42 in.) - 0.722

2.59 m (102 in.) - 1.126

3.15 m (124 in.) - 0.887

Friction factors: 0.61-0.91 m (24-36 in.) - 0.030

2.74-3.05 m (108-120 in.) - 0.030

3.35-3.56 m (132-140 in.) - 0.031

Blockage loss coefficient: -0.017(a)

Measured overall bundle pressure drop: 28.99 kPa (4.204 psid)

Calculated overall bundle pressure drop: 27.67 kPa (4.013 psid)(a)

C. Comments:

This test was misnumbered; it should be 40323D.

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 0.807.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43323E

Test Date: 12/13/80

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.28 MPa (41 psia)

N/A

N/A

3.51 x 10- 3 m 3 /sec (55.6 gal/min)

25 0 C (77 0 F)

N/A

N/A

B. Summary Results:

Reynolds number: 15394

Grid loss coefficients: 0.53 m (21 in.) - 0.712

1.07 m (42 in.) - 0.687

2.59 m (102 in.) - 1.069

3.15 m (124 in.) - 0.854

Friction factors: 0.61-0.91 m (24-36 in.) - 0.026

2.74-3.05 m (108-120 in.) - 0.030

3.35-3.56 m (132-140 in.) - 0.031

Blockage loss coefficient: 2.156(a)

Measured overall bundle pressure drop: 26.96 kPa (3.910 psid)

Calculated overall bundle pressure drop: 26.21 kPa (3.801 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 2.776.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40523F

Test Date: 6/17/81

Test Type: Hydraulic Characteristics

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Reynolds number: 1

Grid loss coefficients: 0

1

2

3

Friction factors: 0

2

3

Blockage loss coefficient: 0

Measured overall bundle pressure drop: 3

Calculated overall bundle pressure drop: 2

0.23 MPa (34 psia)

N/A

N/A

3.77 x 10-3 m 3 /sec (59.8 gal/min)

28.1 0 C (82.5°F)

N/A

N/A

7682

.53 m (21 in.) - 0.961

.07 m (42 in.) - 0.624

.59 m (102 in.) - 1.207

.15 m (124 in.) - 0.997

.61-0.91 m (24-36 in.) - 0.025

.74-3.05 m (108-120 in.) - 0.026

.35-3.56 m (132-140 in.) - 0.029

.2 3 9 (a)

0.73 kPa (4.457 psid)

6.55 kPa (3.850 psid)(a)

C. Comments:

a. The differential pressure transmitter across the blockage zone was overranged;
however, the measured overall bundle pressure drop was utilized to calculate the
blockage loss coefficient as 2.895.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44401A

Test Date: 5/13/80

Test Type: Steam Cooling

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 4790

(See following pages for additional results.)

C. Comments

0.145 MPa (21.1 psia)

N/A

0.53 kw/m (0.016 kw/ft)

0.014 kg/sec (0.031 lb/sec)

1100 C (230 0 F)

N/A

N/A
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3226 1 I
3P *ý 13

3'7. 'n

324.5

333.11
'A "3 . P 2
133A4. f 0
3 ? Q . I9A
'37.16
335.76

333.474

344', .94

334. 14?44. 6

34 7 . o,
4 " .1

-)0,. .!

'7.5'
36,*7•

I4 Q

33 .4.i

37.

3.

3 . 3

4 C 1

4.-;

24 r . ')

271. 3

3.4

3 1 .4,

t i. ý, .
4ŽT? .t

tvqj1 .1

479). ..

.,+A .9

(47 .i
499g .6
]tuL6 .7
5yin4

3 9LI. .3

4429.i

317. .9

4DL4 ..

7 *2

119t .3
4414.3

3 b 4 .43.64.4

4 L .5

7797.7

2 .L

Z49.k .4

2•9.)' .

.jLu .7

iVE

i'.

3 0

'-3

3,,1. IC 34 1.* P ? q . 1 1 4 "-' q 44 , 4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41401B

Test Date: 6/13/80

Test Type: Steam Cooling

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 4700

(See following pages for additional results.)

C. Comments:

0.141 MPa (20.4 psia)

N/A

0.0522 kw/m (0.0159 kw/ft)

0.0141 kg/sec (0.0312 lb/sec)

111 0 C (231 0F)

N/A

N/A

K-141



RUN 41401O

lILSS FLOW - VL41' KGi.EL INLET VAPJR TEMlP = 110.6 DEG ^

-Z
(N)

.30
.30
.30
.30

RUv HEAT FLUX
LOCATILfN (WATTIS'JM)

2A

'tE
VE

iZC

't

.61

.bl

.bl

.61

.99

.99

. 99

AVE

4A
'4C

446.62
444,.8•
437.85

438.71

709.93
o 9 3.24
717.98
724.33

711.37

.L127.40
I147.79
1115 . 5,j

11 i4.49

i383 .3i

1 388.CZ

139c.27

1682.3b

±o27.35
165b8

4ALL SURFACE TEMP
(DEG C)

119.93
120.04
119.33
119. 3

119.73

125.77
124.72
125.33
125.30

125.28

137.28
137.56
137.28
137.23

137.34

149.83
147. 79
149.04
147. 36

14-9.50

159.03
157.78
158 39
157 .03

VAPOR TEMP
(IF; C)

1l?.13
113.14
113. 21
113.12

113.15

116.05
115.24
116.55
116.10

115.98

121.48
121.54
121.63
121.48

121.53

T0TAL POwE-

NU /PR**.33

18.48
32.1e
19.11

22.1b

2'.87
28.9,
31.4,
22 .5u

ZEYNOLOS NO.

3456.1
3455.3
7180 .4
3157.6

4388.9

3485.9
59!7 .8
53b1.5
34b7.5

25.93

?0.21
1 9 .63
31.83
19.77

22.87

2.41 KW

!
i-S

AVE

I.22
1.22
1.22
1.22

1.52
1.52
1. 52
i.*52

iC

AVE

2A
4A
'4C

129. 58
127.48
131.07
13f).'

129. 54

140.17
141.78
140. 26
140.01

3339.2
3324.C
o913.2
3336.6

4228.2

3292.3
5899.2
5220.5
3250.2

4365.6

3i28.6
3v9.5
6529.3
31 .•6 .7

23.72

23.54
25.67
36. P
25 .*

AVE AVE~i~ .58.56 14ý.3112.737. 27.97 3977.8



kL4 414tiol

MASS FL)'4 a .^141 KG/SEý INLET VAPA?, IcMP = jlv,.b DEG C TOTaL PJWER

NU (oR**.33

2.41 KO

7
CM)

R)D HEAT iLUX
LOCATIJN (WATJISQM)

.ALL J)LkIAvt TEMP
(DEG C)

VAPUK HIAP
I bE~ t. ,)

RE friLJ. No.

4-1

w-h

1.7C(1.72)
1.7e(1.72)

1.78(1 *80)

1 *78(1* 79)
1.7P(1.90)
1.7P(1.78)
1,7"(1,7g|

1 .78(1.l)

1.8rC 1.83)
1,8r(1,•2)

1 . 9 ( 1. 9l)
I.PB (1.83)
1. 0C1. 811
1.9t'(1.12)

I .P3 ( I. q I
1.93(1.95)
1.1?(1.86)
1 * 83ý(1I. 96)
1.8 1 (1.85)
1.893(1.84)

1.8 P(1.91 I

1.ef(1 . 91
1. 1 C * 1

¶ C1*91)
f I r~. C2)

A E

21)
3C
4r)
5e

AVE

10
20
3C
3E
4R
5-)

2A

4 C
4E

1745.87
1748.66
17 45. "
1761.( 5

175P.1 t:

1798.e3
1738.E4
741•6.1

1787.1t
1765.24
1709.55

1756.91

1725.FE
1741.81
1787.16
1756.31
1733.64
175 C.9 6

1749.33

17 (8 . e3
1738. 4
177! t 5
1692.79
17C9.55
1834.51

1758.36

1725. E
1807.37
1753.74
17 41.1
1775 .65
1692.7t

106.75

?ob. 14

a7 2. 3 5
Lbb. 33

17 3. j ;

173.J't

17(~..

it,9. 72
173. 74
S14.2 j

177. ý3
jLb. 78

I 1;t.

173.7.
17~ * C. (.L
it 7. 5.L
174. 13

174,80
172.79
I 7e. 7 b
1to.Ul17t, 7t

l1T.b.6148.-i
147 .64
140 . t.

1i4.37

149.39
±0.20

149.99

15?.t3

150. •3

151. -1J* 7
152.:o

4 .68 O.
147 .95
154 . 9

65

1 5ý.. . 7

148 .i I
±. I99. *13

152.35
1•4t$ .92

I 5L. . .0

" 5 . 3

±54.3 t
± 5.) *

21.5b
18.73
31.19
19.A6

2'.5b

33.89
28.1t

31.09

28.19

ý2.86

29.14
3).2b

31.79
!4 .71
2 4 .8 L

26.93

21.27

28.76

?4.22
42.7b

3),R7

29.24

76.91
32.79
33.32
34 . 6'
31. L5
25.42

3193.4
2918.0
5792.2
3141.

37t,4.;

3256.2
5550.9
#927.?
6127.8
46 44.b
3e18.7

4629.2

3812.9
538•,1

5861.4
5933.8
4730.5
3530.4

4825.7

741co;. 1
4478.3
7317.J
4753.9
6549.2

5831.3

3059.2
44o8 .6

160O.2
2992 .

AVE

18

2E
3A
5B

%4E

ID
23

20

2E
3 A



1.8 8(1.91) 31 e72:'.54 173.44 , 37.84 b2 4i,.4
F,8P(l.B8) 3C 1787.16 t13. 3 154,'. 35.47 b66.b

1.8•(1.91) 3D 1721.7t 170.ou 154.95 43. 3 0.i b295,3
1.8P(1.91) 3E 1756.31 iL -.J7 .Ij,.77 32.18 53ib.2I p 1 .89) 48 1733,E4 17 0. '2 1 j .,t 31 .6 7 4981.8

5.88(1.89) 5C 1834.51 L73,jo 15,ý .1 29.15 :344.1
1.Be(1.90) 50 175(.96t 71,03 1 n.44 24.2D J3J28.6

%VE 1754.C3 172. '2 i.733.94" 32.54 jJ4b.9

1.91(l.94) ID 1725.8E lbb.ij 154.38 32.97 1;;73.9
1.91(l.94) 2C 1753.74 113.ou 15:', 3 37 .d 6 o442.81.0100,3) 20 174101I 172., J.:ýo.67 33.54 49b4.ýi
I .9? ( I. 42 ) 3 C 170 .It "172. - 3 15 5. • 41.74 o383.5
1.91(1.94) 3E 175e.31 'Lt 9. 9 q .51.o 33. 35 5279.51.91(l-.12) 48 1.733.84 1 7•,t. 9 157 .90 34.64 4b,4o4.
1.9 (1.93) 50 175C .9c .1.3,67 154L, 9 23.04 2965.9

A4E 1749.96 172.13 15 . 2 2 34.53 4853.4

1.9?{I.95) 2A 1745.87 1 13.67 7 l o) 23.7 "'.i 3
1.03(l.46) 2, i807.37 17b.o 1157.94 32.77 4942.,1. 93( 1 6) 2 E 1775,.6• 46. 7. 4 J i .;,9 37 . ot 301lb.5I . l 1* 16 ) 3A 1692.7q A.74.• 153 .2t) 27.4t ý183,2

h 1.93(196) 38 172C.54 .7-,.1 157..? 35.45 623:.4
1.93(l.94) 3C 1787.16 114. b.u 150.e9 37.91, b349.4
1.93(l.96) 30 1721.7t 173. c 15 b.c1 41 .33 628.2
1.93(1. *C) 4A 174 E.66 A.77.14 ,i 5b. 8 7 2 1.f Rb 2965.3
1.93(l.94) 4C 1745.15 'i4.2 1 l6.4b 3 3174.7
1.93(1.94) 4E 1761.( t ±74.o8 15 ..j2 2_?.43 3o31. j1 . 93(1..14) 5 C id 3 4,51 A.7 3.0 ý 6 1 31 .5, 51,)3,o

AVE 1758.23 114.eC 1 5 .7,) 31.67 4 78.4

1.9t(19Q9) 1b 1725.8P L71. .6 i.,O.4b 31.31 306J*4
1.96(l.98) 2C 1753.74 7 t./I i5b.99 34.7b 6378.0
1.96(1098) 2D 1741.1 1744.9 do150 .0 35.35 49O..1,96(l*Q6) 3C 1797.1t lb., 4C 57T,3u 33.,14 6371,
1.96(1019) 3E 175 9.3.1 1 u9. -43.2 3A 2 5244.I
1,9 6fI .96) 4 P 1733.F' 7b. 15 0.24 3 ,1, 4851.81. 1 .•9 r= 175C .96 1- 7- Z • . 2 31 2 1 24Y4,.3

AV 749-9t 7 4.2 e.3T~u 33.6946''.3
1 . 9 p e'10 2 A L7 4 5. t7 1 7Y. j3 1 b .7 14 .'s 2 z:9oJ

1.1 12•2 6 18074.?17 18 iow.05 39.44 .i92.4
I.9%(Z; 211 1741.61 .. j 5.~3 3 1). 5 tq952. 6



1.9P(?.O1) 2E i775.t5 ,L9,b7 157.37 36. ot, 3026.6
1 9P(2. 1) 3A 1692.7q 107.94 15'.o21 25.39 5124.4

l, m ? • )38 172C,54 I t) . vi. ID9 . ?-9 3).71 6156,z
1.8 (1. 9) 3C 178 7. 1 t (o.63 6b. 0 31.3o t34 .3
1, P 2.'t1) 30D 17 2 1. 7; I . 7 1, . 158 .oj 37.1! o2 3 1.[

1.1(2.01) 4A 1748.66 ib(. 9 i5b94t 23.3o 2976.5
1.98(1.99) 4C i745.15 177.-4 ±i5.23 34.51 b135.0
1.98(1.Q9) 4F 1761.05 17t.1 I7o0 23.27 3053o.
lo.9(2.oO) SC 1834.51 i12. oi 154 .uL 35.76 .)051.4

AVE 1756.8t 177. 32Z 157.b2 33.t4 4744.3

2.13 1e 1586.89 175.44 16.L. 13 2 ? *,)(1 3217.3
2.13 iC 1639.C i7 2.U I 19b.54 41.95 5ob2,
?,13 23 159C.67 ib1. b 104.57 32.13 4233.0j
2.13 3A Ibc 2.9r 17w. 6 8 159.9o ? .71 )I85.3
2.13 33 1671.C( lol.o3 163.79 3'.3b 5U85.8
2.13 30 i596.6C IU.8b e1(A.5 42014 D381.8
2.13 4 U 162 7. C9 17 b. j2 164. 18 39o97 '9741. 7
2.13 51 161b.23 i74. O 163*7b 36o51 319ob.

AVE 1616.5C L77.52 162.*48 3i . b 6477.4

2.29 1 Z 1517.91 b ..d2 1 bb .:3 25.87 3050.5
2.2q 28 1499.87 192.0b 1bg.V9 22.16 447.1
2,29 2C 1516.15 ib7. 7o 16b.Zi. 29.44 5762.1
2• .29 3A 1466.54 l g• 1 b9.i1 4.',) 9 2!), 5. 549 8 3 . j

2.?q 33 156C .76 14.oo 1(9 .4' 25.24 5531.e
2.29 3 C 1501.96 lb ;. 7• ,i b . 59 33.27 5744.3
2.29 48 1629.24 1b9.24 17C.79 28.R 7 4590.7
2029! 50 1483.f9 lb2.z2 167.47 '4.75 3039.0

AVE 1521.94 o b7. 4YI 16u.?5 2o *.26 4648.6

2.44 26 1241.52 -93.51 174 .6-j 21.4,5 4591.4
2.44 3A 12E7.77 .L90.d 3 lt9.oz 21.33 494Z.?
?.44 38 1294.79, 1i06.4 174.iD 21.71 5753.2
2.44 30 1299.4t L 7 .•ý74• 35.39 5915.5
2.44 4D 1322.37 5o19.7 17447 32.4C 474Z2.3
2.'.'4 5. 134 3. t7 L 8 . 09 173.1 ,3 25.4.1 2928.6

k V E 1298.2t 9•• .L73o23 .t d12.-2



RUN 41401A

MASS FLOW - .6310 LBMIjz:C INLEr VAPJk TEMPI - 231.1 DEG F

L

12I
12
12
12
12

ROi) HEAT fLUX
LUCA1IA.I, (lTutHR--S.FT)

2A
4A
4L

24
24
24
24

39
39
39
39

48
48
48
48

6-1

60

6 J

Iha

IC
(t U
58

AVE

2A
4 A

4E

AVE

IC
'tO
5 d

AVE

2 4

4fA
4,C
4E

i4l. Stt
139.74
i 18 7

A39°t)6

219.73
?2 7.57
e 2 o. 5 o

225.47

3 b3 . b

434.5u

438.45
443 .U9
439.94

;33 .2
!53. 37
ij5 . 8-j

525.77

4ALL SUýFACE TEMP
()EG F)

247.87
248.U6
24b.80
247.33

247.51

258.38
25b.50
257.60

2:'? I* 54

257.51

Z79 . 10
279.62
279.10
279.02

279.21

301.b9
29B8. 02
33). 2b
297.24

294. 31

318 . ?5
31b. 00
317.10
314.65

VAP3P TEMP
(DEG F)

235.63
235.65
235.76
235.61

235.6')

240.88
?39.43
241.78
24%' 97

24!%.77

253.66
ý51.77
250.94
250.67

TOTAL POWER

NU /DP**. 3 3

19. • C
18.4 b

39'. 12L19.1±

22.18

20.87
28.Q t
31.45
22.50

25.93

?tn. 27
19.63

31.81
19.77

2.28 bTUl/SEC

REYNOLGS NO.

3456.1
34:)j .3
71db.4
3457.6

4388.9

3485.9
5917.8
5361.5
34t7.5

45L3 .2

3339.2
3324.t
69,3.Z
4336.6

4228.2

3292.3
5699.2
?22(L .5
3250.2

4365.6

31e8.6
3096 .5

'9 .4
3156.7

25 0.76

255.25
261.46
267.93
266.04

265.17

284. 3'0
285.41
284.48
234. 3

18. r'I
25.9j
28.19
22.22

23.72

23.54
25.667
3A.8b
25.81

AVE 224. "t 31o.50 284.K5 3Y77.8



1ýLNL-r VAPL#( I1'hP a 23~ DEGMASS FLIw a .(313 La3MhEC

7 PO) HEAT FLUX
LJCAT1J' (,jTJ/HP-SCF1)

H
'-.1

67
67
67
67

70
71
7N
70

71
71
71
71
71

71
71
71
7,
7?72

74
74
74
7474
74

(67.7)
(67 .9)
(67 .1)
(67.3)

(71.7)
(7 .6)
(7m,.7)
(7".2)
( 7 .5)
(71.1)

(7? .1)
(71 .3)
(71.7)

(7'.7)
(7 .7)
(73 .2)
(73.2)
(71-0)
( 7? . 4)

(75.2)
(75 .3)
(75 . )
(74.7)
(75-.3)
(75.4)

4VE

1B
iC
20
3C
4D
!.6

I r.
2D
3C
3E
4B
50

lB
IC
2E

3q
Sc

218
2C

2D
2E
3 A

2A
4A

4E

553.37
554.25
553.14
558.1e

•594.71

57( .15

551.14

552 . 8
566.45

559.51

556. 86

547.( 3
55 .(E
566.45
Y55 .6"7
549.55
5'4.98

554.46

5 710 . 15
551.14
562. i

5 3 (.5 4
541.ef
581.46

5 7.33

547,C 3
572.8t
55 5,.8t
5 52 .C
5 t2.81
536.54

3 3i.L J
343.4,o

339. 7.t

345.zo

334. 7

3',t . dO

3',3. u

3= , b. 0"33]. 7

33 1. 7

337.* ,o
j46. 79

3'42. 4,
3.J4. ;

4ALL u•tuRACL trP
tcEG F-)

335.74

337. L4

VAJOfJ iiP
(utO H}

296..•9

297.1?
295.98

297.2t

291 .1 j
30:;*?g

3CI .48
3Ub.3 7
303.68

312.2,23

31.2.b6

3 03 : 59

30j.3 7
303.1 i

rOrA. POPEk

4~U 1/'Q**.3-4

21,56
18.73
31.19

1 3 b

?).34
31.89

29.16
33.74
28.24
31 .19

2z.19

27,46

23.14

3) * 2
3).79

4 . 7 1
24. 3k

'6.93

28.)?

4Z.76

3). ýlc

2') •*

I? • 79

34.63

3 1. I
75.*4Z

Z.Zd drj)IEc

3193.4
2918.6
579z.2

3 111 .8

37549)

3256.2
5550.9
49Z7.Z
6127.j
4694.6
3Z18.7

4629.2

3812,9

58b61 . 4
593 .8

473(1 . 5
3,30J .

48Z5.7

4480 .
74J9 ,
4478.3
7317 ..
475a. -0
b5't9 .2

5831.3

31'J 79 *2
4966 ,

b456,b
:)j b 2

j246.J

3 f 3.-ot'
2 98 . 7.

3u'. 1 1

34,2. 15Ua

4i134.03
3L9 . t

304.95



I0
p-
cO

74 (75 .2)
74 (74 .2)
74 (75.2)
74 1 7r.Z)
74 (74.4)
74 (74.6)
74 (74 .8)

75 (76.4)
75 (76..3)
75 (75.8)
75 (75 .4)
75 (76.3)
75 (7K.6)
75 (76.1)

76 (76.9)
76 (77.1)
76 (77.2)
76 (77 .2)
7b (77.C)
76 (76..2)
75 (71.1)
76 (77. r)
76 (7, .3)
76 6 (76 .5)
76 (75.5)

77 (7R.5)
77 (7 .0)

77 (77.8)
77 (77.3)
77 (79 .2)

77 (77 .2)
77 (78 .1)

79 (79 .6)
7A (79.2)
7P (70.6)

AVE

1D
2C
20
3C
35E
48
5 D

AVF

2A
2 a

2E
3A
3B
3c
30
44
4 C

4E
5C

38
3C
30
3E

4B
5C
5 D

"45.34
566.45
545.72
55bot7
549.55
581.46
554.98

555.95

547.c3

555 .b
552.C8

556.67
549.55
554.98

554.66

553.37

572.e6
562.61
536.54
5455.34
566.45
545.72
554.25

553.14

5 8.1 .581.46

557,28

547,L3
555 .Pe

552 .C E
56(.45

55 c.67
549 .5 5
554.98

554 .b4'

553°37

552.68

344. 19
344. le
339. 2
3jb. J
349. i

:'t 3. :)J
.3s.i. -I

342. 3t

334.u3
3',t.bl
341. 77

337.99

.344. o•

349-,,
333. id
34b.dQ
i4b.17
346.o4
343. .) V

352.2"0
3',5. .)6
3%tL.79

34z•. i•7

34.2•

3 1 6 1,.

3,11 .47
3%)9.95
3 1.0 .9 1
3(•3.38

314.49

.3LO . bZ

3 C9 - u

31 9.d8
311.74
.314.01
311.99

31 .,*81

3iio39

31b.3%Q
31lb. * hi
3ii . 7,
30 7.

3 11%32
31.3,32
314.o7
3 14 .. ý 7

313 i.L . 3

3~,'b . 4;

31 .26

313.63
314 .,8
31 *' :; :

.31: .i'q
3( 8.i 6
3 4.o . :06
3.L4 .64

.3i4 . ý)4.

314.•o
3i8u .,)7

37.84
3t.47
43.3(,
3Z..18

29.15
24.25

3' .54

32.07
37.9'•

39 .54
41.74
31 .95
34.64
23.64

34.63

23.74
32.77
37.5o
27.40
36) , 4 "

37. 9t,
41.33
21.3b

22.43
31.52

31.87

31.31
34. 7 b
36.35
3 )-3 .'4
38.93

3).19
31.27

31.09

11.52
2 ), d 4
3-). *3

u2tt-) 4
6608.5
b?95 .3
5316.2

981 .b
5344 ,i
3,128. b

50i46.9

3073 . 9
6442.8
4984.-'
o383.5
5079.5
4844.4
29o5 .9

4853.4

3003 .
4942.4
3U18.5
5183.2
623s*4
6399.4
6286._2
2965-4

6174.7
3131..1

475b.4

3053.9
b37 8

.tj

It9 0 2 .2
6371 .,
5244..
4 651.8
e994.3

4a8 i . 3

2988.3
4892.4
'.9 ý 2 . 6

AVE

ID
2C
20
3C
3E
43
50

k I

2A
23
20



78
78
7A
79
78
78
7p

78
78

84
84
84
84
84
84@ 4
84

QO

90,

90
9"r

90

(79.2)
(70-. 3)
(79.3)
(7q..5)
(71 .2)
(79.()
(79-.3)
(7P .5
(78 . 6)

? E
3A
38
3C
3D
44

4C
4E
5 C

AVE

1I
IC
23
3A
36
3')
4D

5 b2 .61
536.54
545,.34

F'4 t .72

554.25
553.14
556.b18
581.4t

556.85

5C- 2 .9 8
519.75
504.2'

529.65

506.05
515.';1

512.27

512.36

481.11
475.39

464 .b3
494.69

476 .( F

482.39

393.51
4t 8 . 17
41C,.39
411. E 7
419.13
425.89

337. ti

3 ý. .1o
3,57.t

3-.6. tv

3.? 2.* 3.,
349. 00
34Z. 6 7

.47. 7-

387.94

3:,e. v 3

3 77. lu
3 It. 'v

37 2. '
37C. iU~
36bO. 36
312.o3

36.'s. o

3 L. t.a
366. d'•

37L.0)U
3Ltz°6.

311.3o

317.i2
317.48

31b.81
314./0

31v.38

3•s,.12
3i7.i7

328.22
314.94
32o.82

3L1 .•8

32o.77

324 .4*7

3 31. 7b
337 .97
334.o3
328.99

336.y?
ý35.46
339 .4
333 .4:ý

340 ..d 5

3 4o .o'
337 .34
34,) .4'
3,t3 . 97

3 43 .* '$

25.89

33.7.,
31.3o
37.11
213b3

34 .5 -L
23.27

3') . L 4

2:) .')(
4j.95

3_?,13

42 .)4
33 .9 7
3~3 .

35.96

25.87

29.44

25.24
33.27
Z8.87
24,75

26.26

21.*45
25.33
2~ 1.
35.39
32.40

3026.b
!124. 4
61l5b.2
6343.3

b23L .1
2976.5
6135.o

5051.4

4744.3

3217.3
5682.1
4233.0
5685 .3

538i.8
47414*.7
31)b . b

4577.-

4467.9
5782.1
4983.5
5531 s2
5744.3
45i9 . 7
301v° .0

4648*6

4591.4
4942.Z
`753.2
5915.5
4742.3
2928.6

AVE

I-

10
23
2C
3A
38

3D
'.8
SD

23
3 A
38
3D
4D
5 8

AVE 411.49 iý4.4:. 343.82 21.12 4812.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41201C

Test Date: 8/13/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 4630

(See following pages for additional results.)

C. Comments:

0.140 MPa (20.3 psia)

N/A

0.0531 kw/m (0.0162 kw/ft)

0.014 kg/sec (0.031 lb/sec)

111 0 C (232 0 F)

N/A

N/A

K-150



KUN 41201C

MA~SS WIJ - .U141 KG/i3,.' LELiT VAPOR TEPtP a 111.1 OFG

z
(M)

.30
.30
.30
.30

.51

.61

.51

ROD HkAT FLUX
LUCA1iUN (WATT/SwM)

.99

. 99

.99

.99

Z A
,AV
IC

AVE

i c
41)

AVE

2A
'tA
4 L

AVE

4 U
513

AVE

2A
4A
ItE

4 j5. 2 1
434. jo
425.26

444.05

I08.64

736.5o

724.53

14.L b o 23

le2.233
1,73. 48

A168.1i

1119.*51

i. 36 j4

.L4UZ* t'4

4.71b. 12
4.t9° 39
1678.91

4ALL SUAFACE TEMP
(DEG C)

121.72
121.440
121.11
12.1 . 04

121.32

126833
126 . 15
127.23

127.24

142.59
141.*44
139.89
141.44

141.34

152. 52
14~ *) 62
154.22
U4. 94

152.87

154.*50
165.72
163.89

VAP0q TEMP
(DEG C)

114.05
114.06
114.13
114.06

114. 08

117.32
116.22
117.57

116.94

1?2.54
122.59
12 2. 69
122.58

12?.b6

130.76
129.70
132.39
131.11

TnTAL OEX =

NU /PR**.33

17.32
17.9*
27.9*
17. 5cL

2D.17

17.82
?8.91
29.23

25.32

15.44
17.03
30.68
17.2'

2D- .1 .

16.37
?4.61

24.16
15.82

2.4b KW

kEYNULDS NO.

34i2.0
3423.4
7.'.b.1
3425.2

4346.7

3447.6
586Z.9
53u7.4

4d72.6

3289.1
3281.0
6837.9
3291.1

4174.8

3255.3
5039.7
5142.1
3193.3

4307.6

I-

Ln
I--

1.22
1.22
1.22
1.22

1 .52
1.52
1.52

130.74

141.62
142.19
141.55

19.61
18.39
19.67

3103.3
3U63.7

309b.0AVE AE1664.6)3 164 .7Q



RUN 41201C

INLET VAPOR TEMP a 111.1 DEG CMASS FLOW a .0141 KG/SEC TOTAL POWER

NU /PR**,33

2.46 KW

z
(M)

ROD HEAT FLUX
LOCATION (WATTISON)

WALL SURFACE TEMP
(bEG, C)

VAPOR TEMP
(DEG C)

REYNOLDS NO*

u,
ti

1.70(1.71)
1.70(1.71)
1.70(1.71)
1.70(1.69)

1.78(1.80)
1.78(1.80)
1978(1979)
1.78(1.80)
1.78(1.80)
1.78(1.80)

1,80(1.81)

1.8G( 183)
1.80(1.81)
1.801 1.82)

lo83(1183)
1.83(1.83)

1o88(1193)
1.881lo89)
1.88(191)
1088(189)
1988(193)
1.88(1*88)
1688(1089)
1.88(1.91)
1.88(1.90)
1.88( 1.89)
1.88(1.93)
1.88 (1.88)

AVE

1i
ic
20
3C
40
58

AVE

2D
3C
3E
5D

2A
4A
4C
4E

1860.48
1731.,72
1838,.85
1807.71

1809.69

1831.16
1817.84
1790.71
1806.87
1839.24
1847.30

1822919

1790o71
18 06. 87
1852.61
1802e61

1813.20

1883.67
1825o46

18 54.57

1748o28
1787.6?
17067b78
1790,71
1727903
1883.67
1821.70
1806.87
1780.46
1852.61
1793.19
1825.46

171.87
174e27
174*77
172.19

173.28

163.73
172*44
175.50
177.36
179*70
173.21

173.66

176.27
177.82
173.05
171.75

174e72

177.33
175.48

176.41

167.43
173.07
171.83
171.22
163.91
172.65
171.83
171904
170,On
168 90
174.27
173.46

147.41
148.63
149.47
147.07

148. l

150.63
147.38
153.41
152.91
154e72
151.69

151.79

154.24
153,89
148.41
151.93

152.12

150.10
149.79

149.9g

155e44
156973
155.89
156.79
155,7C
152.1C
156.55
157.1g
156.34
151.5F
159.3F
151.84

19o53
17,25
26880
18.48

21.02

36.15
25.69
27.67
29.05
24.93
21.87

27.56

27.68
29*62
26.57
23,21

26.77

24o24
24*98

24.61

37*26
37.29
42.24
42.42
54,04
32.24
46.97
51.41
51.52
37.86
40.82
29.67

3168.0
2889.9
5703,4
3092.7

3713.5

3289.3
54160.5
4844o9
5890.7
4573.3
3134.0

452498

4849.8
5867.4
5316.1
3617.7

491298

5519.0
5569.3

5544.1

3075.6
5157.8
64.9*8
52530.8
3062.2
5642.5
6427.9
6570.6
6326.9
5622.o
4771.4
5676.4

AVE

3A
5C

AVE

10
28
2C
20
2E
3A
38
3C
3D
3E
48
5C



1088(1090) 50 1802.61 169o37 155.02 32*04 3016*1

AVE 1794.39 170.69 155.43 41.21 5156.4

1.91(1.95) 10 1748,28 170.00 156.6C 33.16 3094.6
1.91(1.94) 2C 1706.78 175.84 156.92 35.33 6390.2
1.91(1.91) 2a 1790.71 170.00 157.39 48.57 4975.7
1.91(1.93) 3C 1806.87 173.64 158.23 45.99 6566.0
1.91(1.92) 3E 1852.61 166.33 152.51 47.54 5190.7
1.91(1.96) 48 1793.19 177.33 160.21 35.32 4796.6
1.91(1.94) 50 1802.61 169.87 156.81 35.10 3011.2

AVE 1785.87 171.86 156.96 40.15 4860.7

1.93(1.95) 2A 1860.48 172.24 156.53 30.03 3062*0
1.93(1.94) 28 1797.63 176.11 157.92 33.30 5020.6
1.93(1.94) 20 1790.71 172.43 158.05 42.41 5007.9
1.93(1.96) 2E 1727.03 166.97 157.05 44.41 3082.5
1.93(1.93) 3A 1883.67 168.39 153.64 45.09 5071.4
1.93(1.94) 38 1821.*0 174.72 158.02 42.74 6212.3
1.93(1.96) 3C 1806.87 176.11 159.08 41.41 6525.4
1.93(1.95) 30 1780.*46 173.83 157.87 43.75 6250.2
1.93(1.94) 4A 1731.72 171.22 157.83 32.76 2941.3
1.93(1.94) 4C 1838.8*5 176.11 158.646 40.71 6122.2
1.93(1.92) 4E 1807.171 170.61 155.81 31.06 2994.8

AVE 1803.35 172.61 157.3C 38.88 4753.7

1.96(2.00) 10 1748.28 173.06 158.47 30.26 3103.4
1.96(1.94) 2C 1706.78 175.34 157.01 36.49 6392.4
1.96(1.96) 20 1790.71 174.89 158.64 37.37 5009.5
1.96(1.98) 3C 1806.87 179.76 159.91 35.30 6472.5
1.96(1.96) 3E 1852.61 168.79 154.2C 44.76 5082.7
1.96(2.00) 4B 1793.19 181.65 161.55 29.84 4795.5
1.96(1.97) 50 1802.61 177.90 158.07 30.70 3024.2

AVE 1785.87 175.20 158.26 34.96 4840.0

1.98(2.00) 2A 1860.48 177.94 158.0 24.06 3056.5
1.98(2.02) 28 1787.63 182.22 160.32 27.34 4978.Q
1.98(1.99) 2D 1790.71 177.33 159.59 34.06 5002.4
1.98(2.03) 2E 1727.03 172.36 159.53 33.95 3010.0
1.98(1.98) 3A 1883.67 172.44 155.6t 39.29 4962.1
1.98(1.99) 38 1821.70 181.02 159.85 33.33 6132.8
1.98(2.00) 3C 1806.87 182.15 160.82 32.71 6425.3
1.98(2.00) 3D 1780.46 179.76 159.8C 34.58 6176.5
1.98(2.00) 4A 1731.72 175.50 159.95 27.97 2965.7



1.98(2.00) 4C 1838.85 181.36 160.31 33.80 6067.3
1.98(1.98) 4E 1807.71 175.23 158.04 26.49 3025.2
1.98(1.98) 5C 1825.46 171.83 155.45 39.06 5004.1

AVE 1805.19 177.43 158.99 32.22 473Q)7

2.13 18 1618.09 179.06 163.24 25.45 3174.0
2.13 iC 1672.84 174.89 160.33 39.82 5544.5
2.13 28 1658.60 182.59 164.70 30.84 4270.5
2.13 2E 1642.30 174.89 163.61 36.42 3008.7
2.13 3A 1634.63 176.88 161.69 37.13 5008.8
2.13 38 1647.00 181.68 164.84 37.60 5091.3
2.13 30 1658.61 181900 164.4C 38.47 5352.6
2.13 40 1711.80 184.05 165.28 30.25 4714.5
2.13 58 1631.85 179.42 164.65 27.41 3169.2
2.13 5C 1651.41 177.4Q 161.42 35*44 5491.0

AVE 1652.71 179.20 163.42 33.88 4482.4

2.29 28 1534.78 193.26 170.35 21.80 4533.0
2.29 2C 1690.50 1929.78 169.15 26.93 5732.4
2929 2E 1530.38 183.68 169.11 25.76 2926.2
2.29 3A 1555.48 183.96 166.93 30.99 4908.8
2.29 3R 1557.55 193.42 170.13 25.11 5561.8
2.29 30 1563.02 191.44 169.51 26.85 5715.0
2,29 3E 1340.07 182.07 165.99 28038 5064.3
2.29 48 1621.23 195.43 171.33 21.79 4584.5
2.29 5c 1567.52 183.42 166.35 31.20 5182.9
2.29 50 1690.81 179.78 169.04 38.83 3064.4

AVE 1565,13 187.92 168.79 27.76 4727.3

2.44 18 1337.51 185.80 174.03 27.59 2913.0
2.44 2R 1403.67 195.77 175.62 22.43 4612.0
2.44 2E 1303.38 188.41 174.31 22.35 2868.4
2.44 3A 1427.79 187.78 171.83 30.01 4339.2
2.44 3% 1381.80 118.68 175.14 21.74 5740.3
2.44 30 1369.75 195.34 174.48 24.45 595Z.0
2.44 40 1321.92 195.11 175.22 21.43 4744.7
2.44 58 1358,81 189.61 174.97 22-39 2906.1
2.44 5c 1405.01 187.18 171.17 29.48 5019.2

AVE 1367o74 191*52 174.09 24.65 4388.3



RUN 41201C

INLEr VAPOR TEM1P * 232.• DEG- FMkSS FLOW a .U310 LBMItSC

z
(IN)

12
12
12
12

24

24

RUU HEAT FLUX
LUCATIUN (dOTlHR-SIFTI

l

u,

39
39
39
39

48
48
48
48

60
63
60

ZA
4tA

"4C
4•E

•VE

LB
.C
NU

AVE

Z A
4 A
4 C

4 E

AVE

IC

40
58

AVE

2A
4A

146.14
144 . 3vJ
137.7,t

1 4C. 74.

224.t1
230. 8

229.t5

.3 54. 43
J67.0o

387,43
371.94

370.24

418.2i

441.00

j 13.94

•32.1t

4 &LL SURFACE TEMP
(UEG F)

25L.10
2;PO . 52
250.00
2,t9 . 88

252.37

263.00
259.07
261. .02

251.03

288.67
286. 60
283.81
286.60

286. 42

3)6.54
301 . 68
339.60
31 .b 8

337.17

328 * IC
330.30
327.01

VAPOR TEMP
(DEr F)

237.Z9
237.32
237.43
237.31

237.34

242.63
?41.20
243.63

?42.49

252.58
252.66
252.85
?52.65

292.bq

267.38
263.67
270.33
267.99

257.33

246.91
287.93
296.80

TOTAL POWER -

NI! IPP**.33

17.3Z
17. 9L,
27.9,
17.5t

20.17

17.82
298.91
29.2.1

25.34

15.44
17.03
10.6b
17.25

20.10

16.37

24.1b
15.82

21.24

19.61
18.39
19.67

2.3,t BTUISEC

KEYNOLDS NO.

34Z2.0
34Z3.4
1116.1

34t: .2

4346.7

3447.6
58b2.9
s307.4

4872.6

3289.1
3281.0
b637.9
3291.1

4174-8

3255.3
5639.7
5142.1
3193.3

4307.6

3103.3
3103.7
3121.2

AVE 328.47 287.21 3t,96 .0



RUN 41201C

MASS FLOW a .0310 LIM/SEC INLET VAPOR TEMP - 232.0 DEG F

z
(IN)

ROD HEAT FLUX
LOCATION (PTU/HR-SQFT)

WALL SURFACE
(DEG F)

TEMP VAPOR TEMP
(DEG F)

67
67
67
67

70
7O
70
70
70
70

71
71
71
71

(67.5)
(67.4)
(67.3)
(66.7)

(71.0)
(70.8)
(70.3)
(71.0)
(70.5)
(70.9)

(71.2)
(71.9)
(71.2)
(71.6)

I-n
01%C'j

2A
4A
4C
4E

AVE

1l
ic
2!)
3C
40
58

AVE

20
3C
3E
50

AVE

3A
5C

AVE

10
2R
2C
20
2E
34
39
3C
3D
3E
45
5C

589.69
548.88
582.84
572.97

573.59

580.40
576.18
567.58
572.70
582.96
585.52

577.56

567*58
572.70
587.20
571035

574.71

597.04
578.59

587.82

554.13
566.60
540.98
567.58
547.,40
597,C4
577.40
572.70
564.33
517,20
568o37
578.59

341037
345.69
346.59
341994

343,90

326.71
342.40
347990
351.24
355e47
343.79

344.5R

349.29
352.08
343.49
341.15

346.50

351.20
347987

349o53

333.38
343.52
341.30
340919
327.03
342.76
341.30
339.88
338.00
336902
345.6Q
344.24

297.34
299.53
301405
296.73

298.66

303.14
297.28
308.14
307.24
310.50
305.05

305.23

309.64
309.0C
299.14
305.47

305981

302.16
301.63

301.9C

311.8C
314.11
312.61
314.23
312.27
305.77
313.78
314.95
313,42
304.8!
31L.86
305,31

TOTAL POWER -

NU /PR**,33

19.53
17.25
28.80
18.48

21902

36.15
25e69
27.67
29.05
24o93
21.87

27o56

27.68
29.62
26.57
23.21

26.77

24.24
24.98

24.61

37.26
37.29
42.24
42942
54,04
32.24
46.97
51941
51,52
37.86
40.82
29.67

2.34 BTIJISEC

REYNOLDS Nn.

3168.0
288909
5703e4
3092o7

3713.5

32R993
5416.5
4844.9
5890.7
4573e3
3134.0

4524.8

4849,8
5867.4
5316.1
3617.7

4912.8

5519.0
5569.3

5544.1

3075.6
5157.8
6429.8
5253.o
3062o2
5642.5
6427o8
6570.6
6326.9
5622.6
4771.4
5676.4

72 (71,9)
72 (71.9)

74
74
74
74
74
74
74
74
74
74
74
74

(75.8)
(74.6)
(7502)
(74.3)
(75.9)
(74.1)
(74.6)
(75.0)
(74.9)
(74.3)
(75.8)
(74o1)



74 (74*9) 5D 5T710,5 336.87 311.04 32.04 3016.1

AVE

I,

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78

(76.9)
(76.4)
(7593)
(76.1)
(7594)
(77.0)
(7695)

(76.7)
(76.4)
(76.3)
(77.2)
(75.9)
176.4)
(77.0)
(76.7)
(7605)
(76.5)
(75.7)

(78.8)
(76.5)
(77.1)
(77o9)
(77.2)
(78.7)
(77.7)

(7807)
(79.4)
(78.3)
(79o8)
(78.0)
(78.5)
(78.9)
(78.9)
(78o6)

AVE

2A
28
20
2E
3A
3R
3C
30
4A
4C
4E

10
2c
20
3C
3E
48
50

568.74

554.13
540.98
567.58
572.70
587.2O
568.37
571*35

566.04

589e69
566*60
5 67.158
547.40
597.04
577,40
572.70
564.33
548.88
582.84
572.97

571.58

554.13
540*98
567.58
572.70
587.20
568.37
571.35

566.04

589.69
566.60
567.58
547.40
597.04
577*40
572.70
564.33
5485oA

339.24

338.00
348.52
338900
344*55
331.40
351.20
337976

341.35

342.02
349.00
342.38
332.54
335.11
346.49
349.00
344.90
340e20
349 00
339.10

342.70

343.50
347.61
346.80
355.58
335983
358.98
343.22

347.36

352.29
360.00
351.70
342.26
342.40
357.83
359088
355.60
347.90

311.77

313.88
314.46
31503C
316,82
306953
320.38
314.26

314.52

313.76
316.26
316.49
314e69
308.55
316.44
318.34
316.16
316.09
317.24
312.46

315.13

317.25
314.62
317.55
319.83
309.36
322.79
316.52

316.87

317.39
320.58
319.26

319.15
312.18
319.72
321.47
319.64
319.91

41.21

33.16
35.33
48*57
45.99
47.54
35.32
35.10

40.15

30.03
33.30
42.41
44.41
45.09
42.74
41.41
43.75
32.76
40.71
31.06

38.88

30s26
36.49
37.37
35.30
44.76
29.84
30.70

34.96

24.06
27.34
34.06
33.95
39*29
33.33
32.71
34.58
27e97

5156.4

3094.6
6390.2
4975.7
6566,0
5190.7
4796.6
3011e2

4860.7

3062.0
5020*6
5007.9
30R2.5
5071.4
6212.3
6525.4
6250.2
2941.3
6122.2
2994.8

4753.7

3103.4
6392.4
5009.5
6472.5
5082.7
4795.5
3024.2

4840.0

3056o5
4978.9
5002.4
3080.0
4962.1
6132.8
6425.3
6176.5
29A5.7

AVE

10
2C
20
3C
3E
48
50

AVE

2A
28
20
2E
3A
38
3C
30
4A



78
78
78

84
84
84
84
84
84
84
84
84
84

90
90
90
90
90
90
90
90
90
90

96
96
96
96
96
96
96
96
96

(78.6)
(77.8)
(78.0)

4C
4E
5C

AVE

18
1c
28
2E
3A
38
30
40
58
5C

AVE

i
I-I
L j
0O

28
2C
2E
3A
38
30
3E
48
5C
50

582.84
5 72.97
578.59

572e17

512.86
530.22
525.71
520.54
518.11
522.03
525.71
542.57
517.23
523.42

523.84

486.46
535.82
485.06
493.02
493.68
495.41
424.74
513.86
496.84
535.91

496e08

423.93
444.90
413.12
452.55
437.97
434.15
418.99
430s69
445.33

358.45
347.41
341.30

351.38

354.30
346.81
360.67
346.80
350.38
359.02
357.80
363.30
354.96
351.48

354.55

379.88
379.00
362962
363.13
380.15
376.60
359.72
383.78
362.16
35 5.60

370.26

366.43
384.309
371.14
370.01
389.62
383.61
383.20
373.30
368.92

320.56
316.4f
311.81

318.18

325.83
320.59
328.46
326.50
323.04
328.72
327.92
329.50
328.37
322.55

326.15

338.64
336.47
336.40
332.47
338.23
337.11
330.77
340.39
331.43
336.28

335.82

345.25
348.12
345.76
341.3G
347.26
34E.07
347.4C
346.94
340.11

33.80
26.49
39.06

32.22

2M.45
39.82
30.84
36.42
37.13
37.60
38.47
30*25
27.41
35.44

33.88

21.80
26.93
25.76
30.99
25.11
26.85
28.38
21.79
31.20
38.83

27.76

27.59
22.43
22.35
30.01
21.74
24.45
21.43
22.39
29.48

6067.3
3025.2
5004.1

4739.7

3174.0
5544*5
4270e5
3008.7
5008.8
5091.3
5352.6
4714.5
3168.2
5491.0

4482.4

4533.0
5732.4
2926.2
4908.8
5561.8
5715.0
5064.3
4584.5
5182.9
3064.4

4727.3

2913.0
4612.0
2868.4
4839.2
5740.3
5852.0
4744.7
2906.1
5019.2

AVE

18
28
2 E

3A
38
30
40
58
5C

AVE 433.51 376.73 345*36, 24*65



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43401D

Test Date: 10/23/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 4645

(See following pages for additional results.)

C. Comments:

0.141 MPa (20.4 psia)

N/A

0.0531 kw/m (0.0162 kw/ft)

0.0143 kg/sec (0.0316 Ib/sec)

110 0 C (230 0 F)

N/A

N/A

K-159



'IASS FLOW .0J14,3 KG/SEk

Z ROU
(M) LOCATiUN

.30 2A

.30 4 A

.30 4C

AVE

.61 IC
* bl 4E
.61 5d

AVE

.99 2A

.99 tA

.99 4 C

AVE

1.22 IC
1.22 4E

AVE

1.52 ZA
1.52 4A
1.52 4C

AVE

RUN 43401D

IULET VAPOR TEMP - 110.n DEG C

HEAT fLUX 4LL SURFACE TEMP VAPO TEMP
(MATIISWM) (OEG C) (DEG C)

443..7 120.56 113.14
1#46.2u 119.97 113.12
421.07 120.55 113.18

437.15 120.36 113.15

137.42 124.86 115.27
728.8i 127.13 116.02
ob9.83 126.50 116.03

718.08 126.36 115.77

1179.31 139.02 1I1.54
l9.4 138.18 121.49

11l5..11 137.93 121.59

11o7.95 138.38 121.54

13b2.14 146.92 127.64
1491.(o 146.84 129.59

1376.59 146.88 128.62

17U3.9J 159.64 140.43
i.99.77 159.00 140.76
.o:94.75 157.89 140.29

±o32.81 158.d4 140.49

TOTAL PtlvEK

•lt IDR**. 3 3

17.28
18.8.3
?5.7L

2*1.6L,

3D.4i
17.74
18 . 8,

22.32

18. 76
19. 549
30.61

22.99

26.63
21.QL

24. 3'

?2t. I b
73.13

37.2,

117. g

.4 KW

ktYNULDS NO.

3494 .',
3497.3
726C.6

475( .o

598.5.7
3518.2
3524.3

4342.7

337C . 3
3362.3
6989.3

4574.0

5770.9
3349.4

4560.2

1185.3
31b5.7
66G7 .Z

4316.1

C)"



RUN 43401D

4ASS FLOW - .0U43 KGISLC INLET VAPOR TEMP - lil.f% DEG : TflTAL POwEx a

NU /PR*•.33

2.4i KW

z
(M)

KUOD HEAT fLUX
LULAT.u ( hATT/Silri)

JALL SURFACE TEMP
(uEG C)

VAPOP TEMP
(DE! C)

REYNULDS NO.

I-
0o.

1.70(1.72)
1.70(1.72)
1.70(1.72)

1.78(1.80)
1.78(1.79i

1.8t(1.87)

1.83(1.83)
1.83(1.84)
1.83(1.84i
1.83(1.84)
1.83(i.83)

1 .,8(1.88)
1.88(1.89)

1.88(1.95)
1.88(1.89)
1.88(1.88)

1.88(1.91)
1.88(1.89)
1.88(1.90)
1.88(1.88)
1.88(1.87)

1.91(1.92)
1.1(1.93)
1.91(1.93)

AVE

1C
3C

AVE

21

AVE

i8

3C
3D
4D

ZA
ItA
4,C

1760.43
160J9.11
1851.56

i807.04

17i8.2e
1863.63

1810.93

1771.51

1771,Ji

1662.81

idb3.b3
1d42.76
18648.54

1851.61

1862.81
1789.9Z
190 °.zi
1771.51
iu40. 28
1810.t4
1841.b5
186U. 89-

1716.97
1804. 1
1730.61

1812.07

17 °gq.
1731.42
171.97

165 . 12
17i. 33
170.01

lo8.82

189.41
171 . 31

170.36

174.88

174. 88

164.41
i15.49
173 . 28
175. 24
173.06

172. 29

166.31
17- . 80
173.29
172. 11
173.99
170. 00
111.87
172. 194
174.22
171.4b
1i6•. 80

171.03

172 .36
165b ±0
17',. 89

147.83
147.82
147.74

147.80

147.20
150.21

148.71

153.34

153.34

150.96
154.25
152.16
151.96
153.72

152.61

153.14
153.8f
155.49
156.25
155.77
153.11
151.71
154. 9'9
156.82
151.22
152.89

154.19

154.59
157.11
157.91

26.38
19.7r,

31.24

26.4u

28.17
35.14

31.65

32.4i

32.4±

35.75
29.53
34.92
31.24
32.7Z

32.83

36.31
26.S3
38.59
44.01
34.4Z
27.37
32.19
41.87
33.57
31.44
37. 30

34.91

25.59
47.36
34.3i

3206.0
3156.1
6392.1

4Z&1 .4

5871.1
7143.0

6507.0

7393.3

7393.3

36C3.4
5846.7
7490.9
7144.2
5529.5
5899.C

3t22.7
3624.4
b763.5
6516.4
59t5.9
3910.0
5497.*5
72t7 .8
5515.6
6i37.7
3830.8

5241.1

3408.6
5391.3
5095.1

AVE

i a
10
21
2C
21)

2,E
3A
3B

5 U

AVE

1D
3E
(t 6



1.91(1.91) 4U 1o04.51t 172..44 156.55 39.bb 5932.5
1.91(l.9j3 5• 1730.8± lod.22 154.72 32.7r, 31±i.2

AVE 1763.49 17".60 155.19 35.94 4595.7

1.93(1.93) 18 a862.81 lob.92 154.67 38.93 3133.7
1.93(1.95) 2A 17oh.43 169.39 155.83 33.07 3074.I
1.93(l.9,4) 28 1903. ± 172.44 158.27 45. 7 Q 5L4 4.0
1.93(l.95) 3 A i0%1.b5 172.44 153.91 34 .1 : j17i .4

1*93(1.9)ý$ C 18t3.t3 172.44 156.56 46.2i 6t33.0
1.93(l.9,4) 3D 1842.1l 174.25 156.:1 39.7ýj 6585.2
1.93(1.95) 4A lub9.i2 173.06 155.74 26.47 3034.2
1.93(1.95) 4 C Lt 5. 56 173.13 156.95 44.91 6449.7
1.93(1.93) 40 .048.5 4 172.84 157.41 4r.83 5148.8

AVE 1842.63 171.88 156.11 3P.89 4919.4

1.96(1.96) iD ±789.9, 173.00 155.99 ?6.6o 31L1.5
1.96(2.( 2) ? C 1171.51 175.41 158.86 41.85 6353.6
1.96(1.97i 3C i6b3.63 172.95 157.43 47.?L! t599.7
1.98(1.97) at 173I.42 167.'8 153.,1 45.14 5260.7
1.95(1.91) 4A 1716.97 178.00 159.46 31. 2 4974.8
1.96(1.90) 50 1730°.1 170.59 159,.93 29.99 3042.4

AVE 1767.34 172.b4 156.86 37.01 4888.8

1.98(1.98) La 1862.81 1o8.76 156.65 39.16 3050.8
i.98(2.00) 2A 178A.,.43 174.08 158.10 27.79 3090 .0
1 .98(2 QJ) 3A 1841.65 175.84 155.49 ?!.5 5 •95.3
1.98(1.99) 3dt 864C.8 178.21 158.59 41 .2 6327.8
1.98(2.00) 3C Ldo3.63 17. 26 158.48 46.26 6582.b
1.98(1.99) 30 1842.7o 173.oo5 157.98 46.12 64!8.b
1.98(2.00) 4A i6Q 9 .±g 176.71 157.70 23.93 3001.3
1.98(2.01)) C ib5.5b 177.33 158.8' 39.0b 63b4.8
1.98(1.98) 4U 64b8.5,t 172.45 159.41 48.17 50i5.0
1.98(1.98) 5C 1804.3.L .172.46 154.55 35.31 5292.4

AVE 1834.-5t 174.17 157.58 37.86 5v33.9

2.13 la 1i67.28 170.8,8 152.79 52.38 3244.7
2.13 ?i ib9l.8u 173.38 165.32 701.91 4324.6
2.13 2E 1643.62 174.56 163.21 36.24 3047.0
2.13 1A i898.46 171.6C 160.79 3Q.69 j1v8 d
2.13 38 ±o41.8'8 17 .50 163. 8 54.83 52C4.6
2.13 30 i6LO.2o 115.50 163.25 ;9. 74 5466.3
2.13 4 E 1o6.89 174.88 162.26 ?3.Nt 3333.6
2.13 5 I 7±.Gto 17i.11 152.90 52.42 3332.8



2.i3

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29

2.29
2.24

2.29

2.29

2.44

2.44
2.44

AVE

18

2.
Z E

3A
.Id

5C

lob3.o4

165b.4e

I o1:12 . 13
1599.9c

±580.63
1562.87
i578.7b

1423.93
1.4C 7.45
13b5.13
lqza.80
.388.08
1387.83
.&378.58
1442.18

172.43

173.75

182. 23
184. U03
187 . lo
171.36
182 . 2Z
185. 16
181. 73
1b8 . b4
178 . 78

183.03

187.17
183.45
183.58
189.93
189.54
186 . 50
184.37
184.61

152.72

167.52
170.q2
168.69
157.96
161S. %5
15). 67

16 4.7
170.47
154.93

167.89

175.99
172.60
170.98
174.65
173.90
171.77
171.82
169.66

48.53

27.86

32.;4

33. 7•
38.5'
31.83
28.14
39.07

34.75

41.48
31.65
37.10
34.88
33.11
22.93
?6.82
32.58

43i0.4

305C.1
4576.8
!)851 .4
2989.8
5ca8 .8
)6b62 .4
5212.0
4678.7
5396.7

4714.1

4680.7
2939.4
4971.0
5871.9
5988.3
3011.7
3067.8
5194.7

15%.12 46.52 57±1.3

AVE

28
2 E

3A
3a

3D
4iE
58
5c

I--.
0' AVE 1404.37 18b.14 172.66 32.57 4465.7



4IASS FLOW - .Uiio L8I4/S

Z Rib
( INt LUCATIUvi

12 A
12 4A
12 4

AVE

24 IC
24 4E
24 58

I

:-,

39
39
39

48
48

60
60
60

AVE

4A
4C

AVE

IC
tE

AVE

2 A
14 A
4 C

AVE

RUN 43'.OD

INLET 44PUR TEMP a 230.0 DrG F

HEAT fLUX WALL SURFACE TEMP VAPOR TEMP
ioFL/HR-5QFT) (DEG F) (DEG F)

140.5Y 249.00 235.65

4.L.43 247.95 235.62
133.65 248.99 235.73

138.!b 248.65 235.66

,33.73 25b.74 239.48
ZsI.cu 261.91 240.83
Z.o 259.70 240.86

227.79 259.45 ?41'.39

373.79 2b2.24 250.77
370.tu 28J.72 251.68
3bl.12 28J.28 251.86

370.19 281.08 250.77

431.7,t 296.46 261.75
4.go 29b.32 265.26

436.32 29!.39 263.51

540.07 319.35 284.77
507.06 318.2U 285.37

47 316.21 294.r1

5.3317.92 284.8'3

TnTAL POWEk a 2.33 BTU/:EC

MU IP•$ .33 REYmULuap NO.

17.2b
18.83
25.7(,

2• .b.v

30.41

17.71
18.8i

?2.32

18.78
19.54
30.63

22.99

26.63
21.96

'4.3L

73.3b
23.13
37.2.

?7.91

3494.0
3497.3
7260.6

47•0oO

5985.7
351b.2
3)24.3

4342.7

3370.3
3362.3
6989.3

4574 .0

5770.9
3349.4

45bC.2

31b5.3
31: .7
bbO7-Z

t316.1



RUN 43401D

INLEr VAPCR TEMP - 23f.( DEG P•4SS FLOW - .0316 LBO/bEC

z
(INI

ROD HEAT FLUX
LOCATIUii (3TU/Hx-S,)FT)

WALL SURFACE
( DEG F)

TEMP VAPEJR TEMP
(DFG F)

57
67
67

(67.8)
(67.o)
(67.8)

2A
4A
.4C

AVE

iC7) (70.9)
70 (7u.b)

71 (73.51

AVE

AVE

tn

72
72
72
72
72

74
74
74
74
74
74
74
74
74
74
74

75
75
75

(71.9)
(72.41
(72.b)

(72.4)
(72.(,)

(74. i
(7405)
(74.4)
(76. to
(74 .i)
(74.u)
(75.01
(74.tI
(74. 1)
(74.21

(73.8)

(75.4)
(76.1)
(75.91

ILd
2D
3C
30
'4D

557.98

:86,87

572.75

557.28
,90 .69

573.99

56i49

b61.49

590.43

5b3.29
:ý91 .t9
584*.U
585.91

586. 88

59C*43

503.29

573.9,
!)83. 71L
5bg.8j
54'.20
571o8q

148.53

.75 1 35

567.3.
54•8.19

4.*t 2,j

329.21
340.4ij
338.v2

335.88

336.93
343. 35

338.64

346. 79

346.79

327.93
347.89
343 . 90
347.42
343.50

342.13

33L.35
339. 44
313.93
34-1.79
345.18
338.00
341.36
342-39
345 .*0
340.b3
328 . t) 5

339.85

342.24
329.19
34o . 80

298.10
298. 7
297. P4

7-98.04

296.97
3'2. 38

299.67

318. 01

308.01

303.72
309. 66
305.90
305.52
308. rT0

315. 7m

3'17.65
3') .83
313. 68
313.24
312-39
307.59
3!5. n9
31D. 82
314.27
334.19
3ý7. 20

319.54

311.26

3 0 . 8
316.?4

TOTAL POWER a

NU /PR**.33

26.3b
19.7t
33. 2t

26.46

28.17
35.14

2.33 BTU/SEL

kEYNOLiS iik.

32U6.L
3156.1
6392.1

4251.4

5871.1
7143.0

t507.0

7393.3

AVE

lb
iL)
28t
20
20
ZE
3A
36
48B
SC
5 c

AVE

I D

3E
48

37.41

3?.4.

35.75
29.5 1
34.q2
31.24
32.72

32.83

36.31
26.83

44.01
34.42
27.37
32.19
41.87
33.57
31.44
37. 3b

34.9i

4 7. 3u
34.33

7393.3

36Q3 .4
5bZ6 .7
7490.9
7C44.2
5529.5

5899 .;

3622.7
3624 .4
5763.5
6i16.4
)965.9
3910.r
5497.5
7267.8
5515.6
61317.7
3830.8

5241.i

34G6.6
ý391.3
Q95 .1



75 (75.1)
75 (75.8)

76 (75.9)
75 (76.7)
76 (76.3)
75 (76.9)
75 (76.8)
76 (76.4)
7t (76.71
76 (76.9)
76 (76.t)

77 (77.C)
77 (79.5)
77 (77.7)
77 (77.b)
71 (77. b)
77 (77.0)

78 (77.9)
78 (78.9)
78 (78.9)
78 (78.5)
78 (78.8)
78 (78.5)
78 (78.6)
78 (78.9)
78 (78.0)
78 (7P.1)

-0
51)

AVE

18
2A
28
.3A
3C
3 u
4 A
4 C

AVt:

i0
2 c

3E

5D

AVE

558.95

D90.43
:57.9
603. ',
j63.72
590.69
584.Ud
)73.41.

•86.87
58.9.±

8 58 . ,,

j67.33
,)61.49

990.69
548.75

560.17

59C. 93

583.72
Su9.80
j 90.60

573..',,.

5 75 3

571.89

538.li
52G.9b

ib .33

Sb•7.21

.26.33
i.42.('

342 . 4C
3J4. 79

339.08

332.46
336.90
342 . 4V
342 . 40
342.39
345.o4
343.51
343.64
343. 10

341. 38

343. 40
347.73
343.30
3.2. 74
352 't1
339.06

343.11

335.77
345.34
348.50
349. 18
345.67
34.. 58
35D. ZD8
351. 19
342.41
342 .42

345.51

339.44
3 44 .C 8
346.22
348.09
347. 90
347.90
346.79
34 . 0

313.79
310. 5n

311.32

310.41
312.50
316.88
308.31
313.81
312.81
312.31
314.51
315.35

312.99

312.79
317.96
315.38
338.32
313 . fl 3
312.67

314.36

313.98
316.P8
311.89
317.46
317.27
316.36
315.86
317.92
318.93
310.19

315.64

32 5. 2
3 ?9. 57
325.79
3?1.43
326.98
3>5.15
3I 4.07
3'5. 2A

39.68
32.76

35.94

38.93
33.07
4'5.7 C
34.15
46.21
39.70
26.47
44.97
4-.83

3P.89

26.66
41.85
47.2•
45.14
31. ?'
29.99

3 7. r±.

39. it
27.79
31.5-
41.25
46.2t6
46. 1l
23. 91
39. 1
48.1.1

35.33

37.8L

52.38
70.91
36.24
3Q. 6,P
54.83
5' .7.
33.08
52.42

5934.5
3151.2

'9595.7

3133.7
3C74.1
SC 4'4.0
5171.4
6633.C
6-585.2
3k;34 .2
t449 . 7
5148.8

4919.4

31C1.5
6353.6
6599.7
5264;.* 7
4974.8
3042.4

4888.8

3050.8
3u90 .0
5095 . 3
63Z7.8
6562.b
6458.6
3%d..1 .3
6384.8
5055.0
5292.4

5033.9

$244.7
4324.6
3047.0
51,38 .8
5204.6

n't 86 .3
3333.o
3332.8

I.B
2A

38

40

5 C

AVE

84
84
84
84
84
84
84
84

IB
23
2E
3A

30

58



84

90
93
9i
9-
9'

90
9 ;)
90

96
96
96
95
96
96
96
96

AVE

lB
28
2C

2E
3A
38
3E
46
5 c

5ý27. 78
507.6,
51J I. buJ

'49i.9o
507.16
497.93

49!;.3u
500. '..ý

503.45

451,. 32
4646.l.
439.o3

439.96
439.88

4 ,b . 9.)

342.38

344. 75

363.02
363.25
3(8.89
351. 25
359.99
3b5. 28
359.12
371. 56
353. 80

3b1.46

368.90
362. 21
3bZ.44
373.88
373 . . 8
367. 70
363 . 8t
364.30

324.90

333.54
339.66
335.65
334.32
330.89
337.41
328.61
338.84
328.87

334.20

348.78
342.67
33c). 76
346.37
344.83
141. 1
341.28
337.39

32n.21 46.52 5711.3

48.53

27.86
4M.22

?2.54

33. 7%
38.54

31.*83
28.14
39.01

34.75

41.48

37. 1 ý

34.98
33.11
22.943
26.82
32.5b

4310 .4

3050.1
4576.8
5851.4
2989.8
5008.8
5662.4
52.'2 .0
4678.7
5396.7

47L4.1

468C, .7
2939.4
4971i.O
5871.9
5988.3
3u.i .7
30b7.8
5194.7

AVE

28

3A
3 d
30

58
j c

0" AVE (titi. 13 367.06 342.78 32.57 44u5.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40601E

Test Date: 11/26/80

Test Type: Steam Cooling

Blockage Confiquration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 3796

(See following pages for additional results.)

C. Comments:

0.141 MPa (20.5 psia)

N/A

0.43 kw/m (0.013 kw/ft)

0.12 kg/sec (0.026 lb/sec)

110 0 C (230 0 F)

N/A

N/A

The power and flow were reduced approximately 23 percent to provide data at a

lower Reynolds number.

K-168



nASS FLOW

z
IM4)

.30
.30
.30

.61

.61
.61

.99

.99

.99

.99

- *L'118 KGI3-L.

ROD

4.8

2A
4 E

AVE

IC
38

AVE

2A
4C
4E

AVE

1C
38
5 E

AVE

L. d

2A
4C

AVE

INLET VAP

HEAT FLUX WALL

371.14t *
36U0.20
376.77

369.51

567.li
p70.24
540.6Z

559.29

933.44
929.59
V41.96
921.09

931.53

1093.51
10 83 .b2

jk082.uv

~io 86.4j.

1437.39
±13b.03
1419o,4

1413.9i

RUN 40b)JE

OR TEMP - 11'o.1 DEG

SUýFACE TEAV VAPOR TEMP
(DEG C) fDE& C)

12).56 113.08
ii9.93 113.07
12U.15 113.n7

120.21 113.C?

123.98 115.12
124.41 115.95
125.90 115.9?

124.76 115.66

139.b5 121.25
139.07 1?1.23
136.78 121.43
137.t9 121.24

138.49 121.29

146.55 175.98
149.22 129.o5
146.17 129.19

147.31 128.54

ib2.58 139.13
163.28 139.23
158.36 139.45

iol.41 139.?7

TOTAL POWER S

NU /PR**.33

14.35
15.19
15.39

14.9b

25.32
313
15.47

23.6L

14.12
14.M3

26.6
15.44

17.56

2n.99

17.3b

20.54

16.12
15.13
30.84

'3 .7 .,

1.69 KW

REYNOLUS NO.

2866.7
2669.4
2868.5

2868.2

4934.3
5692.Z
2t93.8

4506.7

2759.4
2761.2
5773.8
2765.9

35 ..5 .1

4759.0
53A3.3
27U05.8

4259.3

2617.6
2b(2.4
5447.5

3555.8

I-.

1.22
1.22
1.22

1.52
1.52
1.52



RUN •Q6'11E

MASS FLOW a.0118 KG/SEf. INLET VAPOR TEMP " 111).0 DEG r TOTAL POwER -

Ni IPR**.33.z
(M)

ROD HEAT FLUX
LuCATILN tATTI/SQM)

4ALL SURFACE TEMP
(DEG C)

VAPOR TEMP
(DEG C)

RE(NOLDS NO.

IC

C0

107C(1.68)
1.70(1.69)
1.70(1.68)
1.70(1.69)
1.70(1.69)
1.70(1.70)
1.70(1.71)
1.70(1.70)

1.78(1.79)
1.78(1.76)
1o78(1.781

1.83(1.8i1)
1.83(1.88)

1,85(1.85)
1.85(1 .8o)

1.88(1.89)
1.88(1.88)

1.91(1.91)
1.91(l.9u)
1.91(1.92)
1 . 91 (1 .911)

I.93[I.9Z)

AVE

ec
3C
30)

AVE

2A
28
ZL
2E
4A
4B
4C
4E

3E
5C

14#07.97
1374.76
1399 . 59
1405.j5
1402.4)
1398.80
li 31. 50
i'.06. 73

1403. 41

11 99.* 59
1375.C4
1412 .45

1395.69

1404. 12
14u3.83

1403.98

14to7.9 1

l,#2Q. U9

1410.83
1386.4e

1398.63

1432.2i
1•j94.8

14 14. 4'#

1411. 75

167.07
171 .00
165.71
168.81
162.10
169. 38
170.61
166.93

167 .58

171. 23
168.75
170.00

170.00

170.63
167. 52

169 . 07

174.89
169.99

172.44

i73.66
171.83

172.74

174-.89
171.83
170.1l
162.74

170. c2

149.05
147.48
144.62
145.28
145.39
148.12
146.46
145.71

146.01

1 8.4'
147.67
140. 00

148.36

146.63
149. 3'?

147.97

149.2?
140.31

149.26

153.52
152.98

153.25

150.87
150.22
151.10
151.48

150.67

16.58
21.16
26.80
15.45
21.90
2 2 . 8 i
23.7e
17.10

20.70

24 .4
26.12
26.84

25.RI

29.79

24.1 C

14.23
17.47

15.85

23.96
25.24

24.60

15.17
16. 5
IS . 44
29.87

2658.9
4296.5
5384.8
2b39.5
2677.7
4247.3
5375.8
2674.8

3744.4

6677.9
61CC.9
6627.4

6468.7

6135.5
5735.6

5935.6

4363.7
4518.6

4441.2

6515.1
6583.4

6549.2

4019.C
3756...

3571 .1
3932.4

3819.0

AVE

AVE

20
40U

AVE

18

5D

AVE

13 9 4 .86 170.02 15 0.9?1 I18.'?. 3513.3



1.93(1.92) 3A 1412.21 165.15 150.77 34.9o 4655.4
1.93(1.92) 30 1412.45 174.27 153.61 ?6.9t 70t5.5
1.93(1.93) 4A ItC2.40 163.89 152.45 31.59 29L4.6
1.93(1.93) 48 1398.80 171.28 156.34 31.99 4495.5
1.93(1.93) 40 1386.42 170.45 154.64 30.07 5794.9
1.93(1.97) 5C 1403.83 168.18 152.11 30.91 4576.6
1.93(1.93) 5D 1414.44 163.89 151.1t 28.74 3671.8

AVE ±403..& 168.39 152.75 29.24 4577.2

1.96(1.9b) IB 1432.2J 176.11 152.23 15.2Q 3306.5
1.96(1.9b) ic 1367,iU 170.Z6 151.05 25.19 5033.8
1.96(1.95) 10 1394.8.) 170.04 191.93 19.70 3261.7
1.96(1.96) /A 1407.97 173.67 152.86 17.2C 3036.9
1.96(1.96) 2c 1099.59 174.25 154.73 28.23 5873.9
1.96(l.95) 2D 1410.83 171.23 155.52 30.74 5386.8
1.96(1.961 38 1#02.68 171.83 156.57 36.21 4829.4
1.96(1.97) 58 1408.04 165.73 153.52 29.64 2u21.7
1.96(1.94) 50 1414.44 165.07 151.68 2 7 .2- 3500.1

AVE 1404.25 170.91 153.34 25.47 4116.7

1.98(1.99) ic 1307.10 170.61 152.03 2 5 .9s 4847.2
1.98(1.9d) 26 1374.7o 174.89 156.09 24.89 5009.2
1.98(1.97) 2E 1405.55 169.39 152.86 21.74 30u7.7
1.98(1.98) 3A 1412.21 164.50 153.73 46.5c 4138.4
1.98(1.98) 38 i402.68 171.95 157.55 38.31 4721.3
1.98(1.99) 3C 1375.C4 174.15 158.47 34.33 3459.5
1.98(1.98) 4A 1402.40 164.50 154.49 35.9o 2671.4
1.98(1.98) 48 1398.8u 173.60 158.37 31.19 4004.2
1.98(1.99) 4C 1431.50 175.41 157.63 31.53 48°4.9
1.98(1.98) 4U 1386.'.2 172.44 156.33 29.37 4905.5
1.98(2.00) 4E 1406.73 171.23 153.52 2A.23 £898.4
1.98(1.99) 5D .1414.44 167.74 153.16 24.85 31(,3.7

AVE 1398.14 170.87 155.35 30.41 3959.3

2.ý1(2.01) 2c 1359.Cl 173.06 156.51 32.31 5413.6
2.31(2.0u) z0 1410.83 173.05 157.23 30.37 4835.2
2.01(2.01) 3A 14±2.21 167.55 154.94 39.49 4188.3
2.31(2.02) 3C 13oC.j3 175.09 159.67 34.45 34b7.8
2.01(2.00) 3E 1404.Z± 170.61 152.58 ?7.44 4344.2
2. 1(2.05) 5C .1403.83 165.68 154.92 46.13 4573.6

AVE L391. 1 17J.84 155.97 35.03 4470.5

2.')3(2.02) 1346.47 177.94 157.59 22.37 4715.4



2.03(2.02) 30 1.12.45 173.12 157.27 35.03 5192.2
2.03(2.03) 4A 1i610.l 166.33 156.82 36.5: 2639.6
2.03(2.A4) tE 1365.C0 172.83 155.48 19.o9 2833.Z
2."3(2.05) 58 13i2.1J 168.17 157.07 30.11 27%3.7
2.03(2.10) 5C ±35~ol2 167.53 157.'0 45.16 4689.2

AVE 138o.21 170.99 156.87 31.53 3795.5

2.36(2.04) aD 1412.45 173.58 158.1I 35.5i 5071.3

AVE 1#12.45 173.58 158."1 35.57 5071.3

2.08(2.07) 3E 1304.62 172.44 155.61 27.13 4514.2

AVE 1304.t2 172.44 155.61 27.13 4514.2

2.13 IC IZ99.32 171.51 157.C9 31.51 4711.9
2.13 2B 1340.47 179.27 161.64 25.63 3572.1
2.13 2C .359.01 176.C8 161.07 35.23 44b5.3
2.13 20 1353.34 177.94 162.36 29.17 3569.4
2.13 3C 1360.53 176.73 163.71 40.49 3932.6
2.13 3U 1337.71 178.18 161.rn 31.12 4548.4
2.13 3E 1304.t2 173.57 157.96 29.12 4575.1
2.13 4A 1361.05 168.20 161.47 51.1l 2608.9
2.13 40 1341.13 176.72 161.53 29.73 4047.0
2.13 5d 1312.10 168.15 160.64 44.29 2696.2
2.13 5C 1352.1 171.83 157.94 34.00 4638.2

AVE 1338.85 174.38 161.63 34.61 3942.3

2.29 i) 1283.42 178.66 164.10 21.91 25t3.8
2.29 2b 1214.07 189.04 157.37 19.32 3785.2
2.29 2C A268.35 181.b1 166.42 12.01 4838.9
2.29 2D 1?55.50 183.44 158o.9 27.1, 3b65.8
2.29 2E 12•7.82 179.18 164.56 21.39 2485.9
2.29 3A 1299.i3 173.81 154.94 51.49 4231.1
2.29 38 1302.55 186.30 16R.3) ?7.49 4634.C
2.29 3C 1311.e4 184.64 168.5? 30.99 4690.1
2.29 30 1278.25 185.34 166.77 26.25 4873.9
2.29 3E 1254.u2 179.78 16?.69 25.19 4369.4
2.29 AA IZ79.20 174.89 166.7n 38.9. 2474.7
2.29 48 1296.26 185.87 168.8? 25.?3 38UL.4
2.29 't 0 1268.1b 185.28 166.93 22.84 4011.3
2.29 5C 1i86.b3 177.08 162.55 3n.5., 4477..C
2.29 50 1?52.72 176.15 164.n7 25.8( 2578.8

AVE 1277.86 181.41, 3837.2



2.44
2.44
2.44
2.44
2.44

2.44
2.44
2.44
2.44

L C
20
2 E
38
3C
30
3E
48
4 U
58

1095.99
1G8.16
1067.88
1107.38
1094.Oo
1101059

118e.53
1697.90
11ý83.76

10195049

182.22
187.98
180.98
189.51
189 . C 1
18'1. 41
182.25
187 . 68
186.49
179.31

185.44

166.53
173.29
169.19
173.05
172.84
171.49
157.15
173.67
171.99
170.26

17).95

23.77
24.18
22.26
25.29
24.53
24.55
74.75
26.06
24.80
29.1.6

24.97

4223.4
3878.6
2d38 . 6
4844.5
4971.5
4967 .t
4 23.7
3893.3
39b9.7
2469.1

3995.CAVE

Io



•IASS FLnW -, .Lbt LBM/ý.EC

Z ,O

CItN) LdCATi0•,,

12 id
12 2A
12 4E

AVE

24 .C
24 3d
24 pB

AVE

39 183
39 e A
394C
39 4E

AVE

48 iC

48 58

AVE

H-EAT FLU
(d hUi HK-SJ-

1I 't .19
Lg9.42

i79.72

.71.3ý

177.2.

295.86
294 .04
298.57

29.L. 9D

295.25

346.61.
3,t3 .4c)
3',2.97

344 .3,t

455.59

,.49. 9v

4,t8. it

RUN 406blE

INLET VAPuJ TEMP - 230.0 DEG r

;x 4.ALL SURFACE TE¶P VA03R TEMP
Ti (DEG F) (DEG F)

249.UU 235.54
247.d8 235.53
240.26 235.53

248. 38 235.53

255.17 239.22
2,s.94 24%r72
258.62 240.66

256. 58 241-.2%

283.37 250.26
283.40 250.22
276.20 25P'.58
280.20 25M.24

281.29 250.32

295.79 260.39
300.60 265.20
295.11 ?64.54

297.17 253.37

324.64 282.43

325.90 ?92.61
32. 5 .5 2832.1

3e2.53 282.69

TOTAL POWEK u

Nil /PR** 33

14.3..
15.19
15.39

14.98

25.32
31) . %
15.47

?3.6,

14.12
14.03
26 . 6.

15.44

17. 5t

?* 99
23.25
17.3b

16.12
15.13
30 . 8'

20 . 7 u

i.8o BTU/SEC

kEtNULuS NO.

2866.7
2869.4
2868.5

2868.2

4934.3
5692.2
2893.8

4506.7

2759.4
276.1.2
5773.8
27b5.9

3~D l?. 1

47,79 .iw
53i3.3
27L 5 .8

42 :9 . 3

5447.5

35:,5 .8

-4

63
60
6 1

oeA
4VC

AVE



RUN 40601E

4ASS FLOW - .0260 LBM/SEL INLET VAPUR TEMP - 230.0 DEG P

z
(I!)

ROD HEAT FLUX
LUCATILa (bTU/Hk-Sw.FT)

67
67
67
67
67
67
67
67

70
70
70

(66.3)
(66.7)
(66.0)
(66.7)
(66.51
(66.8)
(67.5)
(67.u)

(70.4)
(69.2)
(70.1)

ZA
28

2 E

4A
4B
4C
4E

AVE

2C
3C
30

AVE

3E
5C

AVE

72 (71.4)
72 (74.0)

73 (73.0)
73 (73.3)

74 (74.5)
74 (73.9)

446.27
435.74
443.61
445 .5 Q
444.50
443.36
453.73
445.87

444.8?

443.61
435.83
447.69

442.37

,445.C0
444.95

445.00

4i53.95
446.27

45!. 1

447.17
439.44

443.31

453.95
i42.u9
445.50
448.32

447.4b

44LL SURFACE TEMP
(UEG F)

332.72
338.0*
330.29
335 *85

323.79
336. 89
339.10
332 . 47

333 . 64

340. 22
335.75
338.00

337.99

339. 13
333 .53

336.33

346.80
337.99

VAPIR TEMP
(DEG F)

293.0)
?97.46
292.32
293.51
293.69
298.62
295.63
?94.27

294.83

299.15
297.80
300.19

299.rt

?95.94
300.75

298.34

3t%0.59
300.76

TOTAL PO,*ik

NU IPR**.33

16.58
?1.16
26.AG~
15.4'

22.8i
23.72
17.1b

20.7v

24.46
?6.12

26.84

?5.81

?0.79
27. 4k.

2 4. 1 L

14.23
17.47

15.81,

25.24

24.6C

15.17
16.5L
18.44
29.87

19.99

i.do BTU/SEC

FEYNOLUS NO.

2658.9
4296.5
5384.8
2639.5
2677.7
4147.3
5375.8
2674.8

3744.4

6677.9
61%c .9
6627.4

6408.7

6135.5
5735.b

5935.6

4363.7
45i8 .6

4 44i.2

6515.1
6583.4

6549.2

4019.0
3756.0
3571.1
3932.4

3819.6

18
2A

AVE

2D
4D

AVE

34Z.39

344. 59
341.29

342 . 94

346.80
341. 30
339. 10
324 . 94

33s. 03

75
75
75
75

(75.3)
(74.7)
(75.)
(74.6)

LB

2 E
50

3M8.34
307.36

307.85

303.56
332.39
303.99
302.87

303.20AVE

76 (75.6) 'Lb 442.C9 338.03 313.66 1P.7, 3.5.3.3



76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
78
78

79
79
79
79
79
79

(75.6)
(75.t)
(76.0)
(75.9)
(76.0)
(77.6)
(75.t)

(77.3)
(77.1)
(76.81
(77.3)
(77.1)
(76.8)
(77.1)
(77.')
(76.5)

(78.4)
(77.8)
(77.7)
(78.1)
(78.1)
(78.z)
(77.8)
(78.1)
(78.4)
(78.1)
(78.6)
(78.3)

(79.1)
(78.7)
(79.2)
(79.4)
(78.ti
(80.8)

3A
3D
4A
,t8
4D
5C
5D

AVE

IC
10
? A
2C
2D
3B
58
50

AVE

-'

ON,

IC
2 t
2E
3A
38
3C
4A
,.8
4C
40
,,E
5D

447.6..447.69

444. 5*j
443. 3b
439.44
144.95
448.32

444.74

453.9i
433.3-i

442.U9
446.27
443.61
447.17
444.59

,446. 4
448.32

445.09

,33.31
435.7,t
445.5o
447.61
444.59
435.83
e44.5-
443. 3b
453.73
439.44

448.32

1#43 .15

430.75
447.17
447.61
431.23
445.Os
444.95

441. L3

329.27
345.68
327.01
340.31
338.81
334.72
327. C

335. iO

349.00
338.46
338.U6
344.60
345.66
340.21
341.30
333.31
329. 12

339.64

339.10
346.80
336.90
32 *.11

341.52
345.48
328.10
344.49
347.73
342.40
340.22
333.93

339.56

343. 5n
343.49
333.60
347 . L6
339. 10
333.23

339. 51

303.3 A
308.51
306.41
313.40
310.35
3'n5./79
304.12

306.95

306.01
303.89')
305.48
317.15
310.52
311.94
313.83
318.33
305.02

308.01

305.65
312.97
307.15
318.72
315.59
317.24
310.08
317.D7
315.74
313.40
308.33
317.69

311.64

313.72
315.01
310.89
319. 4r(.
3' 6.64
310.86

312.75

34.96
26.Q6
31.59
31.99
30.07

28.74

2Q.24

15.20
25.19
19.7C
17.2L
2R.23
30.7'.
36.?.
29.6Z
27.22

25.47

25.95
24.89
21.74
46.51
31.31
34.33
35.98
31.19
31.53
29.37
?n.23

24.8t

30.41

32.31
30.37
39.49
34.4.5
27.44
46.13

4655.4
7005.5
2964.6
4495.5
5794.9
4576.6
3671.8

4577.2

330o.5
5033.8
3261 .7
3036.9
5873.9
5386.8
4829.4
2821.7
35C0.1

4116.7

4847.2
50C9.2
3Cv7 .7
4138.4
4721.3
3459.5
2t71.4
4064.2
4664.9
49u5.5
2898.4
3103.7

39-59.3

t413.6
4835.2
41b8.3
3407 .8
4344.2
4)13.6

4470.5

4715.4

AVE

2C
20
3A
3C
3E
5c

AVE

80 (79.7) 426.71 352.30 315.67



83 (79.b)
83 (79.8)
80 (80.4)
83 (80.7)
83 (82. )

81 (80.4)

82 (81.5)

3D
4A
4E
58
5C

AVE

3D

AVE

3E

AVE

84
84
84
84
84
84
84
84
84
84
84

93
90
93
90
90
90
90
9)
90
90
93
90
90
90
90

.LC

28

20

3C
3U
3E
4A
4D
58
5c

447.69
,t3 1. 4,;
432.6o
It ID. t8d
4?8.5t

430.49

447.69

447.69

413.51

41.3.5±

411.83
it26.17?
430. 75
'.28.95
431.23
4Z4.00
413.51
431.40
'.25.08
415.88
428.5b

424.3o

G6.79
4C3083
402.0i
397.94
398.C7
411.77
4# 12. 8 ý
415.8*
405.15
397.47

401.95
397.06
397.00a

343.61
331 .0
343.09
334. 70
333.55

339.78

344.44

344.44

342. 40

342.40

340.72
354t. 69
348 . 94
352.30
350. 11
352.72
344.43
334.77
350. *10
334.67
341 .30

345.88

353.59
372.27
358.90
362 . 20
354.53
344 . 86
367.35
36•4 35
365.61
35j. 60
346 . 80
366.56
3b5.50
350.75
349. 08

315.M9
314.28
311.86
314.73
314.6C

314.37

316.41

316.41

312. n9

312.09

314.75
322.95
321.92
324.25
326.67
322.70
316.34
322.64
322.75
321.16
316.30

321.13

327.37
333.27
331.55
334.57
328.21
328.99
334.93
335.34
332.18
324.85
332.M6
335.P7
332.48
324.59
327.33

35.03
36.5
19.95
30.11
45.16

31.r;3

35.57

35.57

27.13

27.13

31.51
25.63
35.*23

29.17
40.49
31.12
79.12

51.12
29.73
44.29
34.0(

34.67

21.9±
19.1Z
32.0±
27.05
21.3,'
50.49
?7.49
30.99
26 .2-
25.19
38.Qv
25.n3
2?.14
30.51
25.86

5192.2
2639.6
2833.2
2703.7
4689.2

3795.5

5071.3

5071.3

4514.2

4514.2

4711.9
357Z.1
4465.3
3569.4
392 .6
4548.4
4575.1
2608.9
4C47 .0
2696.2
4638.2

3942.3

25b3.8
3705.2
4838.9
3805.8
2485.9
4Z31.1
4634.L
4690,1
4873.9
4369.4
2474.7
38(,8.4
4011.3
4407.G
2578.8

3837.2

AVE

10
2 t
2C
20
2E
3A
38
3C
ID
3E
4A
48
4D
5c
53

AVE VE405.3 358.53 330.90



95
96
96
96
96
96
96
96
9b
96

IC
2D
Z E

3C
3D
3E
4 t
4 D
5 d

347.38
344.9!'
338.47

346.71
349.1o
346.53

i'4. 5Z
3 4 7 .9 9
343. Si

347.22

360.00
370.36
357.76
373 . 12
373.30
371. 13
360.05
369.82
367.b9

354.76

365 . 80

331.76
343.93
336.54
343.49
343.11
340.66
332.87
344.61
341.58
338.46

339.70

23.77
?4.16
22.28
25.29
14.53
24.5i
24.75
26.Du
24.80
29.46

24.97

4223.4
3878.6
2438.6
46844.5
4971.5
49b7.8
4253.7
3893.3
3989.7
2469.1

3995 .CAVE

0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40901F

Test Date: 6/18/81

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 3811

(See following pages for additional results.)

C. Comments

0.142 MPa (20.6 psia)

N/A

0.413 kw/m (0.0126 kw/ft)

0.0119 kg/sec (0.0263 lb/sec)

113 0 C (236 0 F)

N/A

N/A

The power and flow were reduced approximately 23 percent to provide data at a

lower Reynolds number.

K-179



MkSS FLOW

L
(M)

.30

.61

.99

.99

.99

* .0119 KGISE6,

ROD

LUC AT i W

4,C

4 E

AVE

.jE

AVE

iB
2A
it C

AVE

IC
2 L
Z E

3E

AVE

ZA

'4E

AVE

RUN 4)9nlF

INLET VAPUR TEMP a 113.3 DES

HLAT k-LUX 4A4L SURFACE TEMP VAPOR TEMP
(.WAII/SQM) (DEG C) (DEr C)

371.17 122.42 116.2c
348.8? 122.33 11b.27

3bo.c1 122.38 116.28

521.49 1e6.49 118.26

521.49 126.49 118.26

9(03.91 141 .92 1?4.1I

8!8.11 142. Iz 124.D9
919.C9 139.o7 1?4.16

893.73 14).9U ?14.1;

1035.i0 149.23 129.51'
1038.57 149.57 131.39
lu1.90 1347.45 131.44

1ozo4zo 144.90 129.52

7031.4t 147.79 130.46

1273.13 lf3.32 141.19
130(o.53 105.89 141.28
1360.U3 15 .72 14k.33

1311.23 161.31 141.27

TITAL PDiER a 1.90 KW

NU /PQ**.33 kEYNGLDS NO.

26.9b
16.51

21.74

?4.88

'4.88

14.8b
13.15
25.53

17.85

19.66
24.03
17.49
25.0v

15.'7
13.79
26.9L

1IFt.6 L

6024 .Z
2893.4

4458.8

4974.8

4974.8

2788.8
278 .C
5825.4

4dk,( .8
5636.7
2778.4
4831.8

45il.9

2651.1
2029 ,.i

2681.9

2t54 Q.

0oo

1.22
1.22
1.*22
1.22

1.52
1.52
1.52



ý Uýl 4 19.", V

F•S : L:16i = 119 KG/jtL, ]Ii.tT 0 P.Ji l iý - 113.' 1 )EG C T'!TtL D-IwEo, - Kw

Lth. htLl L I X
L & A,] Ul , tAl I 5,.r•j (JCG C)

V jpflO, TF D
(0FC, C)

Nil.1 / f'i, 0.* . 3 3 8Y kUL L L' Nu.

F-.

00.

1 7:1, 7
1.70('.7,.)
i. 7: (2 • 7;.
i.7,,; .7,

I 7b (1 .77
1.78(1 .7o)

i. 413( .94)

I*- .•i 1* .3 I

*. UJ(: Q.j~

)3(1,9,,

1 * 3 ( 1 .0 o

- . +r ( i.'4

'dA

i, VL

z., ,.:

A vE

•J

yVE

t L

LU)

AVE

135',.2'

.Li7,%.'1

2 jD.L2 41

.L.3+" * '..4

14 i 9C

13 4

•...3c/ * '

Li .ý

.3 c~ (.*

lo 8.? 2

iI I7 . 9 0
±76. .

lbd . -t

I i. ? 3
it 8 . 04

1?. .T';

17=, P;

I7.o
*22

.7.' L5

iý7 I. 78 -
L e

lot7.3.7

i.73. 73

148.07
14 . P 7
144. .85
147*7•

147. 5

149. "3

1 8?. 17
15 4 *2

1~ 4 * '

17'

1q5.'"I .9

14 4 9

1 1 '3*

1 4 . 4

17 ;
?, 7;

3b. 3

439. 4

30. 3[

43 *48

3r 1 . -

18.?j

'LL.7

4429 .L

z7. .9

cts .t
38.2 .. :

5177 .

7C L~ * I

7 2' *Y I.

7t.'8 .,

148 1'I 7
4329%;.3

7j8L .8

b. 7Z .7

at'tý .2
•54.

4 t, .5

SIL" .t6

44 L4

327*

'I..

4."



7 q6.~, 9~¶ '¾e371 4

Q L) , •Q -- 4,. 1

- -:J 4j. - 157. 434157 1,
.yo(! 9 J tý ji •. , oa .) 1 . 1 .19 29 .9,.

A1tJ L 7 3 1.49i

S.u8(1.9l L. 1 t- 3 .' 78 1 3.4 1 3 * C
2. 298(1..96 t .0- 3 1•3. - .. t

1 .-8 .1 Q t) '.c 1. 7 ~. 172 11ýý

'. 8 .9 d 3* j ti .. 17!. £4 15 . ?6. 5 39'3.c
1.48 1.4 ? ,1 .&.3 L7 . 4., 7 j.51 Q 1•.c 7• . •7.•

L. 48( 1.99 ) I • .• 4• i 0p F I L• 4%. 4 .7
1 .98( 1.9,0 4 C 1 1 . 2., i . 8 159. 16 "•R1 . i 4( 1C ot;
i . 98 f I q? I )D o 4 l b.i 157 . 36 36 . 't c:4•. 0o

I . J8( 1 9. 10 4 E .01 1 J,~ I 47 K.

o-)8( 1 317 2 IF r2° ft- f4o< 22 -7 31 1°

ik E A t I Ii 1 17 . ' 1 15 ? "1.4e 4.124.9

L.3 Ib.2 1• - i5 J 3. 67 174..Q f) !8 5,3376- 1

2 2 L 1t.. 7 le .33 EY .27 31.4 5 .

. , 17 .7 3 . 4 d bZ )1(1.9,4 rci ii t 163.H 9 54.° 3 .' 4 .g i E

-2. 2( r., J• 4j Z •7 1 35 4a • 2. 489e.

2 Q1.5 4 4 7. 4
?_ fo(.39. i 17,. 3••L . 5 1•58. 4 1'89

1 ~ 2 ,ý3o .5 17,-.7 33.o"•o T 4Zt•.

f. 34•03 ii 1& . 17% 3 7 11~g i .3• 3Zý - .

,4. 3(t. tl( 50 "1, 7 ! 7 t3 46. a Z' v • . 4.

2, L( 17) 4t j•l, 7•Z 53 r 3 C.2 35oit

2, • 17•.% 4.Z . 17 Lf,' I C) .1." eý c 4 ,t- ,, t:
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ý.vE lo
8

. 7 156.23

2.13
2.13
'.13
2 .13
?.13
2. L3

*13

2. L3
? . 13

2.29

2.29

2.292 * 29
L.29

2.•
2.44
2.29

2. '9

2.44
? .'*4
? .44
2 .44
'.44

20

4L)

SV L

.L)
L L

-1 u3 A
30

3L
.3

I C 'i.

.3 ". 1; i

5 2

• 2•

iZdI. *

U7 j

ii797

112. 2'
!1ij . .39
±7 d. 1i
174 . 6

II3.14

17 7. i

17 ). *ý
i t3 .11

!7t. 75
Ib9. ,}7

17 7•

1li 4 * o7

174. * 7

11? 1 5

im ' .: •42
185.28

14 2. .8

17 7. 33

18, 7 oS

1 4i

1 e 7 .* 1

P 4 7

4)?.4 -

162.6P

152.94

ltC. 74

Is!. * 7

167.41
6 *.84

1607.1

16ý .27
18P.•

169.??

F: 7 . 63
f)67 . 87

I ý4 . 4F

171 .46

172.72
173.33
1.7 - . '4

'72.77
1731.

172.14

33 flzt

233 P 9

34 7 ~6
33.?;
34.* 3

P. '.) .-

1 45

3'... 5..

17.Y
25.3.
23.H.

74 • i
23.3±1 ,4R

736

2?.•

2 , '..24

34
23. 4

43 6 .7

39.36.9
39.; 6 . 9

461C.7
2819..

274V .6Zt .9. '.

3753.8

£t3; .0

.49 7.4

4193 7 2

4891.1
4732.5
481e 3

39..3 3

4i. 38 .7
* .3

43tt.1

3974.8

4 iý7.( 47

2486. i

3978.1

'4. 9.3

44219 .2

L43 .

A V,-

L

.3 '5

44

'.5L



RUN '),9'nlF

MISS FLOW .U263 LdM/SCL 1 ,E" VAPOR TEMP - 236.3 DFG F

Z ROu HtAT t.LUX 4ALL SURFACE TEMP VAPOR TEMP
(IN LULATL.AA% WUE.F~ 0G Fl (0EG F I

12 't CI?. 6 5  
Z52.30 241.32

12 4E Ilu. i 252.20 241.29

AVE L14.1I 252.28 241.31

24 3E 10D.29 259.69 244. F 8

AVE 05 .. eg9 Z59 . 69 244.88

39 id 286.52 285.66 255.41
39 2A 2 2I.9 287.81 255.37
39 4C 29•.ji 283. 4C 255.49

AVE ed3.27 285.b2 ?55.42

48 IC 42b.U8 3T).61 265.,1
48 2C 32'9. i± 301.23 269.51
48 ZE 327o07 297.41 268.59
48 3E 323. zd 292.82 265.14

AVE 32b. 93 298.02 266.93

60 Id 4to3.51 325.98 2b6.1.4
67 2A t12.2. 33) .t1 286.31
60 tE 431.07 313.50 295.4)

AVE j5. 6, 322. 36 2386.78

TflTAL P0w~c-

NIJ /PR**.33

2b. 96
16.51

21.74

24.8o

14.8b
13.15
25.53

17.85

lQ.66
74.03
17.4y
25 .v

21.55

15.C7
13.79
2b.9z

1R.60

.. dO bTU/SEC

IE(NULDS NO.

6024.2
Z893.4

4458.8

4974.8

4974.8

27b8.8
e786.0
525.4

38Lo . 1

4800.8
5636.7
2778.4
4b31.8

4511.9

2651.1
2629.0
26u•1 .9

2bý54 toU



k U I 4 -- o*%t :

OASS FLlW = - .- ;2t3 LrMIj. L Ir tLtT . 1eJ TEiV' - 236. ) IFG r

(!h)
KJL ýgA1 -LLX

o7
ý 7

67
67
67

(65.7)
(to,,oj

(67,..

4A
Ž8

t 3

,/ AL UU f(CL T -P'
(.EG F)

334. 79
34. . 42

34 - * 3 1

3 2'1

VA•OT) T~FfP
I<E)r F)

P9~ 30

29?. 2
2Q .6

T'jT L DQ•

17.3

7) ,a

2 6 .

,t Y LLL, N .

b 18 4f
43.LC .7

44 L 9 .b

t 13.

38(1.3

5177

7291.1

vV t

7"- (t)9. i
7*** ( 7C. . I,

7. (70.7j

74 (73.o)

AVt

SL)
F-.

O0
Sln A VL

75
75
7j
7,

7-'
76
7$'
75

77
7 -
71

(74. )
(74. I
(74.7)
(74.4)

(75.*0

(76.4)

(76.2)

(75.f

(7 t-,

(7 t .

ri6u

A Vh

-4'41 .~4

4.3.L 1. a
21 *.

431.13

42 t *

4 e± S c

4 E4 t

,4~ 1 77

71

4.i 13t

3 3 J 2 7
734}.21

334.48

337. .4

3'-t I . 2 2

24 1I. L 2
341 - 21

34,.

338. •

33o 7 E
33'9 1 i
33). iC

Y3 6 7

333 .3 5
3h5. is

344 ,
3J9..:. I

33 1.31

34, •.L .1

333 e, $0
3-4. 71

3r ,. o3
302.11

30n. 7

3~Q

310..9

30)•. 7 1

3 3. o 4

3)7. 24
*7.37

7,-' 7.,

31?. 1"1

3 0 F, r .1'

3 1 ". "11

1'M' . 7~
3 ý,I?. 1.

. ri2-+

:: ,1

1.0.*57

32

43 4 t

I I
7•. ,.

17, •

7291.I

7645..9

7b 4- .9
7c4•.S

43 ý 1.3

7 , t.6

0C72 .1

7 iL 7~

446 U f,

tL, , . . b

4C24.7

1314.7

A Y F



71? (77.6)
77 ( 7 ý. j
7? (7T.. ii

77 (77.&i

73 (77.7j
78 7,3.uj
18 7 R., j

78 7&.0i

78 (77. j
76 7 t wJ
78 7 i '
79 (77. .i
78 

7
87,.

78 78 .,
7? 78. )

74 -78.'
71• (78.oj

79 7 8 ..4
79 7 4.9J

79 79 . j
79 (78.,
79 (79.ij

P* (7Q..)

8 )( 7 .)

3 (P' .:.)

) (7T. tj

9
7 z4 .4.

L l

i ta

AVE

.,5

4 ,.

'.0

- I.

Svt

I-
00Cs

I. 4

'.4-

.4 ~.

'3
-ill

4

>4

LA.

'.7.94

'tC --1 .*

433.4?

4 i. t*

4 C, *

3 4 *,

14' 1.'t'L

,I i. it

'.4...

347. 9i

33 *. 9b

333 t,

34.., .'.I
3. 3 " F

141. '

34q.~~

34-. o5
347. W I

34 9. 0 C
2'.t
331. .42

342. 49

3o. b0
" 'o.12

3' 7.?. 1'

734. 143 ,4 t)

14 t.,

33 7.

3 t . 44

'3 3

3uL1

'34i 2 a

311 4. 1 .
312. 71

31].3 ?
31 .1 2

311.34

3's. ??
311.1.4

31q .
3'?

3' 1.?'.

311 . 1
31 20.

3 '. Q?

3t'.37

12 47

41. 4o

31 7° "4

31 7. 7

3 l)3*1

31 ' 77

1 4. 41

I 4.4
.3 V . 3

?4 . 'o

34. 3
?qo

79*3 */

31 .t2..
I4.1+;

26.-"
17 *9'.1.

7.

31 .4'

P ~ .7?_F 7.

3".7

3 7

I 1 73

4 .b

'3'r .2

3 uL o 3

.4.5.L.,

39o3 .1

4'. 84 Y
4L. . .
14f .0

'.LL• .13; . I

4124.9

ýL.2

4 f9 ý .*2

i4.4.0
4v .8

'2L 1.1

3-:t. 4

41b9 .
4tt..L.

29,9.3

0V vE

•

Uj

/A V L

3-U



.i Vt

84
8 ý

84

8'.
84
8'4

84

84
84

9)

92
9K)9-
9
9,
91
9)
9

9:90

9 ,
9;.
9

98

9 o
9b

9.
95
9'

L U

E

4,51 i\

•A

-. 4(

4~4 t 4 6

41.

I * t I.

3 3 7 '

.3 4i t

334. 7C

ý1i • 9
3 2 . 6?t

*7 q

338. 10
3 C *. 9

3>7. 8

3
ic2. '4

3o4. 4 1
3.1). * 7
305 . - C

377 . 7U
3 7 . :. .1
3,to. 92

37. • * i
308 * 88

3'a3. Li

3r; i . 37
313.33

3 7:. -17
3 i7. */7

313.39

317. 1.6
3?3.f f,

3?4. 13

328 . " 4
3 ?4.* 7

31 'B.5 ?A3
3?4.72

323. 2
3?.

3?Q.34

333.32

? 14.3

333.'AI

?23 5 * 41

331. "?7P

132. R7

?4n. f-t

347.89
343.`90
3 4 1 ., 0

343?. -3

344. 4 P

3 43. V
., .. ,

?.3. o 4

34 7 t
3? . ,'
3 ?

14. "1

94*3 1

4". *

' 7..

?".
?4. p

4.Pj

3 . 7

!7.CO

7 7..

34 .5

4 .7.

24 7,

* '.4

'A . 4

44A~ .

3 7'. .2
3 b-L.

4t.4
4C92Y .3

c8L, C 1

3 4±LC *3

4L•
7

.34

4.9 17.It

't; .L b4 Q 2 *7

4 jtE .7
V 7 .3

t, e'3 *7

3 74 .6

4•. 9.8
4241.*

;, V r

I," ..

-I.-L

L Vr 3 (,f8. t-, 3 44 1. ; -, ? 4 . 1; c 4.,. 4ý ý . ý



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43202B

Test Date: 6/25/80

Test Type: Steam Cooling

Blockage Configuration: 9 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 9180

(See following pages for additional results.)

C. Comments

0.143 MPa (20.7 psia)

N/A

0.103 kw/m (0.0313 kw/ft)

0.0280 kg/sec (0.0618 lb/sec)

112 0 C (233 0 F)

N/A

N/A

K-188



RUN 432-•8

4ASS FLOW = .O- 81 U G/St, INLET VAPUR TEMP m i11.7 DEG 7

Z

.3U

.30

.30

.30

.61
.61
.61
.61

kJU Hk:AT FLUX
LUCATiLt (wATTISwM)

2A
4A
'tC
4E

AVE

18
IC
40

AVE

2A
4A

4"E

,49
.99
.99
.99

079.79
668.32
862.52

b64.2o

1398.48
I4b5#61
1144. 314
1i46.8o

v01.•32

2Z59.97
i 220 . 8i
3bl6.03
2197.42

223 4 . 64

? 1?4. 98
Z753. 81

k 78d. 9ý,

e7 511 .

3252.6e

3kt7.b5

4kLL SURFACE TEMP
(JEG C)

124.71
124.82
121. 72
122 . 49

123,43

131.75
128.35
127.52
13J.69

129.58

145-67
145.01
139i94
141. 80

143.10

15b . 13
15a.b8
15.4 .1
155 .23

1:4 • 56

1b5 . 68
•64.49

16)333
162 . 90

VAPOR TEMP
(DEG C)

114.39
114.41
114.37
114.39

114.39

117.38
116.60
117.73
117.43

117.29

122.9n
122.95
122.95
122. Ft9

122.92

131.04
1 9. D2
132.42
131.47

130.99

141.46
142. 5A
141.90
141.81

TOTAL POWER

NO /PR**.33

24.45
23.9g
52.5ý
30.06

32.73

27.51
45.62
55.33
30 .47

39.73

27.32
27.74
57.38
32.1(

36.15

26.9 .
47.57
45.37
31 .51

37.84

35.7.
38.76
171 .0l
4'. 54

&..75 Kw

REYNULDS NO.

6910.7
6909.1

13902.7
b933.%

8663.9

6921.7
116& .5
10472.4

6934.8

8987.4

6-647.7
6t35.5

13288.6
tt~b0 .4

8313.1

6554.2
Llli3.Z

IC12b I'-
b455.7

8587.4

6918.5
5762.8
±4652.8

t445.4

H0
0' AVE

1.22
1.22
1.22
1.22

1.52
1.52
1.52
1.52

18
IC

4.0
-)8

AVt

2A
4A
4C
4 E

AVE 3zbO.U4 163.35 141.94 46.52 7444'.9



RUON 432028

MASS FLOW - .0281 KGISEC INLET VAPUK TEMP - 111.7 LoEG C TMTAL POWER

NU0 /PR**.33

4.75 KW

-1
(M)

ROD ,4FAT FLUX
LOCATION (OATT/ScmO

4Ai.L JkFACL 1EIAP
(UEG C)

VAPOR TE•IP
(DEG C)

REYNOLDS NO.

'-0
0

170(1.72)
1.70(1.72)
1.70(1.73)
1.70(1.71)

1.78(1.80)
1.78(1.79)
1.78(1.80)
1.78(1.78)
1.78(1.79)

1.80(1.83)
1.80(1.82)
1.80(1.81)
1.80(1.83)
1.80(1.81)
1.80(1.82)

1.83(1.85)
1.83(1.86)
1.83(1.86)
1.83(1.85)
1.83(1.84)

1.88(1.91)
1.88(1.91)
1.88(1.91)
1.88(1.90)
1.88(1 .91)
1.88(1.92)
1.88(1.91)
1.88(1.88)

AVE

18
ic
2D
3C
4D

AVE

ID
2D
3C
3E
48
5D

2A
4A
4C
4E

3439.17
3444.07
3437.75
3469.08

3447.67

3543,5C
3425.32
3431.19
3520.51
3477.34

3479.57

339 9.8K
3431.19
3520.51
3459.73
3415.49
3449,2C

3445.99

3425.32
3497.E4
3334.61
3367.63
3613.79

3447.84

3399.ei
3560.33
3454,t7
3431.19
3497.84
3334.61
3389.28
352C.51

176.13
183.44

707.33
.L78.J7

178.67

176.01
175.35
178.'t 7
178.41
182.14

178.38

181.16
1o0.25
180.32
179.79
1b.i.95
179.83

160.50

176.03
17t.51
ibl. J2
174.69
179.D6

177. 6u

178.!3
178.70
176.44
177.2'i
i76. 33
179. i5
.78.90
i799. I

148.13
150.19

149.57
148.31

149.05

150.61
147.56
153.32
151.98
154.28

151,55

151.69
154*07
152.89
149.54
156.10
152.45

152.77

149.50
153.00
151.42
154.12
150.58

151.72

154.49
157 .o0
15 5.16
157.11
154.94
153.37
157.41
156.37

31.31
26.07
49944
29.63

34.11

35.44
43.45
46.35
52.32
42.13

43.94

29.05
44.38
5D.80
39.96
44.50
31.64

40.16

45.34
37.66
39.18
41.07
43.51

41.35

36.23
57.00
65.44
57.72
41 .ý8
44.98
61.46
60.24

6417.0
5671.0

10806'8
6177.5

7268.1

6579.8
10983.8

9529.2
11555.6

8947.9

9519.3

7535.2
9843.0

11101I
11522.3

9081.1
6955.3

9339.7

14570.5
8860.0
14165.9

9317.3
12741.1

11931.0

6115.2
9691.4

12469.7
9835.8
5954.6

10191.4
11930.6
12715.8

AVE

ic
2E
3A
58
5C

AVE

1D
28
2C
20
2E
3A
38
3C



1.88(1.91) 3D 3391.68 .70.34 156.77 67.81 12020.6
1.88(1.91) 3E 3459.73 lbo. J6 152.39 43.50 10335.0
1.88(1.89) 48 3415.49 179.50 158.95 55.97 9587.3
1.88(1-89) 5C 3613979 17S.89 A.52o01 46.08 10442.6
1.88(1.90) 5D 3449.2C 182.85 155.14 31.13 6OU7.5

AVE 3455.24 178.67 155.61 51.45 9792.1

1.91(1.94) 10 3399,8C 075.44 155.69 43.46 6143.7
1.91(1.94) 2C 3454.67 18G.17 156.97 57.95 12404.3
1.91(1.93) 20 3431.19 179.,4 15o.20 55o25 9644.7
1.91(1.92) 3C 352C.51 176.78 157.50 71.35 12275.3
1.91(1.94) 3E 3459.73 182.3t 153.36 41.38 10244.4
1.91(1.92) 4B 3415.49 179.93 159.91 57.34 9304.0
1.91(1.93) 50 3449.20 189.59 156.57 25.83 5838.3

AVE 3447.23 ±8C.48 150.88 50.36 9407.8

1.93(1.95) 2A 3439.17 177.33 156.40 41.34 6008.4
1.93(1.96) 28 3560.33 182.25 159.41 52.26 9612.9

1.93(1.95) 20 3431.19 ib1.99 159.19 53.47 9610.4
1.93(1.96) 2E 3497.E4 18G.J9 156.84 37.68 5960.5
1.93(1.96) 3A 3334.61 ib8p.38 155.03 45.56 10069.1
1.93(1.96) 38 3389.2@ l) 3.AiO 159.06 54.49 11890.7
1.93(1.94) 3C 3520.51 ±8O.j•1 15d.24 62.54 12284.3
1.93(1.96) 3D 3391.68 ±81.78 158.:0 56.47 11971.9
1.93(1.96) 4A 3444.67 179.78 156.7U 40.86 5881.1
1.93(1.94) 4C 3437.75 siil.e6 158.47 56.94 11747.8
1.93(1.94) 4E 3469.08 186.18 156.o6 29.2C 5997.7
1.93(1.94) 5C 3613,79 181.j2 154.33 46.92 9976.5

AVE 346b).83 181.32 157.57 47.89 9250.9

1.96(1.99) 10 3399,8C 182o94 157,77 33.66 6108.Z
1*96(1.98) 2C 3454.67 ±85.44 158.57 49.56 12241.1
1.96(1.98) 20 3431.19 185.32 ±6u.17 45.49 95*4.3
1.96(1.96) 3C 352C,51 184.28 159.25 54o26 1221597
1096(1094) 3E 3459.73 184.73 155.C7 41.17 1u140.7
1.96(1.96) 48 3415.49 184.32 161.24 49.24 9330.9
1.96(1.98) 50 3449.2C ib±4.8 158.69 32.81 59o9.3

kVE 3447.23 184.55 158.67 43.60 9358.6

1.98(2.00) 2A 3439.17 101.04 158.U8 36.42 5981.5
1.98(2.01) 2a 356C.33 166.79 161.51 46.79 9501.1
1.98(2.00) 20 3431.19 1bo.8o 100.96 44.03 9537.2
1.98(2.01) 2E 3497.8o4 L>3.80 156.82 34.81 5965.0



1.98(2.01) 3A 3334.61 ±82.22 157.4(1 45.59 9977.8
1.98(2.01) 38 3389.2E 189.43 161.19 45.84 11735.1
1.98(1.99) 3C 3520.51 1o6.4 9 160.36 50.72 12149.0
1.98(2.01) 3D 3391.68 k87,39 100.44 48.25 11849.3
1.98(2.01) 4A 3444.67 12.dJ 16U.77 38.83 5914.4
1.98(1.99) 4C 3437.75 i86*84 160.23 41.59 11675.5
1.98(1.99) 4E 3469.C8 189.88 158.7#j 27.42 6023.1
1.98(2.00) 5C 3613.79 182. 72 156.34 47.22 9841.5

AVE 346bj.83 1b5.t1 159.53 42.96 9179.2

2.13 18 3126.01 176.49 163.•4 58.02 6439.,1
2.13 iC 3230.2? 17q.3! 159.93 57.33 11139.4
2.13 28 3133.83 164.65 166.15 56.08 8226.4
2.13 2E 3237.14 185.id i63.82 37.51 5962.0
2.13 3A 3157.53 ibC.18 1o1.80 58.33 9998.1
2.13 38 3291.81 167.e9 165.70 58.04 9778.6
2.13 3D 3145.12 Ic.86 i64.99 54.85 10317.3
2.13 40 3206.38 ±86.10 166.19 53.2G 9193.6
2.13 58 3183.79 177.33 165.57 67.23 6360.3
2.13 5C 3174.41 179. .0 161.85 63.29 10870.6

AVE 3188.63 182.26 163.90 55.39 8828.5

2.29 1D 2990.11 .92.50 167.92 29.50 6058.0
2.29 2a 2954.58 195.12 171.b6. 40.71 8654.2

N) 2.29 2C 2986.6t 19° 6. 169.99 41.98 11025.2
2.29 2E 3023.66 190.2 168.54 32.96 5848.6
2.29 3A 2888.93 185.33 166.95 53.23 9849.9
2.29 3B 3074e52 197.u, 171.39 43.21 10569.2
2.29 3D 2958.7C 197.2'. 170.,17 41.25 10915.4
2.29 3E 2923.61; ,89.61 165.68 41.19 10147.1
2.29 46 32C 9.43 &94. 5. 172.71 47.68 8906.8
2.29 5C 3109.24 ib5.j4 166068 57.36 10308.0
2.29 50 2921.53 194.71 169.14 27.70 6018.6

AVE 3003.73 1s2. 67 109.21 41.52 8936.4

2.44 1B 2576.9C 107.64 172..1 40.42 5938.9
2.44 iC 2573.1C Lbb8.Z.*) 169.35 45.75 10199.1
2.44 28 2445.67 194.85 176.47 42.82 8917.6
2.44 2E 2563.8 5 144.79 173.,07 28.35 5766.8
2.44 3A 2536.77 .8b,04 171.72 50.21 9744.5
2.44 38 2550.5c9 199.18 1.702.4 40.89 11038.1
2.44 3D 2559.er 198.47 175.26 40.82 L1256.4
2o44 40 2604.9l 198a.60 L76.Z4 37.14 9177.2
2.44 58 2646.89 i88.79 175.v9 45.66 5863.9
2.44 5C 2844.3t 09. 76 171.36 51.70 9920.7

AVE 2590929 192092 173.70 42.48 8782o3



RUN 43202B

44SS FLOW , .Ub6O LdBML.C I4LET VAPJR TEMP w 233.n DEG r

z
(IN)

ROD HEAT FLUX
LOCATIUi'd taTUIHR-SJFT)

12
12
12
12

24
24
24
24

39
39
39
34

48
48
4R
48

bO60
60

IA
4A
4C
4•E

AVE

L 6
IC
4 U
,)a

AVE

2A
4A
'tC
4 E

AVE

18
I.C

4U
58

AVE

2 A
4 A

4 .t
4E

278.80
275.22
273.36

068.28

273.93

443.26
432.8st
'#.18. 2d
'52.25

44t4. At)

716.31
7Q3.9Z
716.bi
696.49

708.34

863.7-0
87l2.84.

853.98

S71. 79

1051.* 9'

±i416.c 7
,Li:) .71J

254.18

269.16
203.03
2b1.53
2o7 . 21t

265.24

294. 2U
293 . 01
283.89
287.Z4

289.58

316.63
303 . 23
339.59
31i. 41

310.21

330.23
3Z6.08
320.60
325.22

4aLL SURFACE TEAP
(DEG F)

256.68
256.68
251 .09
252.47

VAP]R TEMP
(DEG F)

237.91
237.93
237.86
237.90

237.9n

243.28
241.88
243.92
243.38

243.11

253.21
253.31
253.31
253.20

253.26

267.86
264.24
27%. 6
268.65

TnT&L POWER -

NU IPR* .33

24.45
23.9o
52.5Z

32.73

27. 51
45.6?
55.33
3*.47

39.73

27.3e
27.74
57.3b
3P.17

36.15

26.91
47.57
45.37
31.51

4..20 8TU/SEC

REYNOLLs NO.

6910.7
6909.1

139u2.1
6933.0

8603.9

6921.7
11624.5
10472.4

b930 . 8

8987.4

b647.7
5635.5

13288.b
6680.4

8313.1

6554.2
11413.2
iOIZ6.5

l455.7

8507.4

6918.5
5762.8

,Cb52 .8
6445.,4

267.78

286.64
288.63
297.42
287.27

15 .71
38.76
71.02

* .59

AVE 326.03 287.49 46.52 7444.9



KUN 43202B

INLET VAPLk TEMP a Z33.0 DEG FMASS FLOW a .0620 LBM/SEC

z
(IN)

ROD HEAT FLUX
LOCATIO4 (BTU/HR-SQFT)

I,.0

67
67
67
67

70
70
70
7C
7C

71
71
71
71
71
71

72
72
72
72
72

74
74
74
74
74
74
74
74

(67.7)
(67.9)
(67.1)
(67.3)

(70.7)
(70.6)
(70.7)
(70.2)
(70.5)

(72.1)
(71.6)
(71.1)
(72.1)
(71.3)
(71.7)

(72.7)
(73.2)
(73,2)
(73.0)
(72.4)

(75.2)
(75.3)
(75.0)
(74.7)
(75.3)
(75.4)
(75.2)
(74.2)

2A
4A
4C
4E

AVE

18

ic
20D
3C
4 0

AVE

1D
2D
3C
3E
48
50

AVE

IC
2E
3A
58
5C

AVE

10
28
2C
2D
2E
3A
38
3C

1090.07
1091061
1089.62
1099.55

1092.76

1123.14
1085.68
1087.54
1115.85
1102017

1102.88

1077.59
1087954
1115.85
1096.59
1082.56
1393.25

1092.23

1065.68
1108.67
1056o93
1067.39
1145.42

1092082

1077.59
1128*47
1094.96
1087.54
1IC8.67
1056.93
1074.26
1115.85

viALL JUIRAZI TEMP
(uEG F)

349.03
362. 0
350.o5
352.22

353.60

3 it8. 8 2
347.62
353.24
3.73. 1.
359.06

352.1)4

358.09
3•6. '5
3 56.03
3;5. o2
359..2
3j5.70

356.90

348.d6
34 S. 7 1
357. a

35i.oB8

352.64
'53.o5

3' C4 ;. ~9
3,1.33
3 4 9. '.Q
35 4. "
3 4.,j

VAPOR TEAP
(LbEG F)

498.63
302.35
3o1.23
Z98.96

300.29

303.10
297960
307.98
305957
3U9.70

304979

30).03
309.33
307.20
301.17
312.98
306.23

306.99

301*10
307.40
304 .. 5
309.42
3u3.0Q4

TOTAL POWER -

'4U /PR**.33

31.31
26.07
49.44
29.63

34.11

35.44
43.45
46.35
52.3Z
42.13

43.94

29.05
44.38
50.80
39,96
449.5
31.64

43.06

45o34
37.66
34918
41.07
43.51

41.35

3 6 423
57.00
55.44
57.72
41.28
44.98
61.46
60.24

4.50 BTU/SEC

REYNOLDS N0O

6417.0
5671.0

1080608
6177.5

7268.1

6579.8
10983.8

952902
11555.6
8947.9

9519.3

7535.2
9843.0
111010.
11522.3

9081.1
695:e3

9339.7

14570.5
886000

14165.9
9317.3

12741.1

11931.0

6115.2
9o91.4
12469.7

9835.8
5954.6
iG191.4
11930e6
12715.8

31v.08
31506b
312.36
3 14.8 v
310.89
308.v6
315.34
313.47



i-,

74
74
74
74
74

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78

(75.2)
(75.2)
(74.4)
(74.6)
(74.8)

(76.4)
(76.3)
(75.8)
(75.4)
(76.3)
(75.6)
(76.l)

(76.9)
(77.1)
(76.8)
(77.2)
(77.2)
(77.0)
(76.2)
(77.1)
(77.0)
(76.3)
(76.5)
(76.5)

(78.5)
(78.0)
(77.8)
(77.3)
(78.2)
(77.2)
(78.1)

(78.6)
(79.2)
(78.6)
(79.2)

AVE

1D
2C
2D
3C
3E
4B
50

AVE

2A
2B
2D
2E
3A
38
3C
30
4A
4C
4E
5C

3D
3E
4B
5c
5D

1075.C 2
1096.59
1082.*6
1145.42
1093.25

1095.16

1077.59
1094.98
1087.54
1115.85
1096.59
1082.5E
1093.25

1092.62

1090.*7
1128.47
1087.54
1108.67
1056.93
1074.26
1115.85
1075.02
11391.81
1089.62
1099.55
1145.42

1096.93

1077.59
1094.98
1087.!54
1115.85
1096.5q
1082.56
109 3.25

1092.sL2

1090.(7
1128.47
1087.54
1108.67

349*42

3' o. 0 135,5.0v

3 '5.80
361.13

353.b0

347.8v,
356.30

354.45
350. 2•

355o67
i73.,•b

356.b7

351.,0
360.04
359.*18
356.L7
356.69
361.57
3156.19
359.zo
355.oU
359.35
367.1i
357.83

356.38

361.30
3t5.79
365. 8
363. 7.O
364.5e
363.78
364.0L

364.18

358.95
3c8. 21
368.34
362.84

314.19
306.aO
318.11
306.69
31i.25

312.09

312.24
314.54
3 1.6.76
3 15.,7F
308.05
319.84
313.82

314.39

313.52
318.94
318.54
314.32
311.05
318.30
316.83
317.3s
317.67
317.24
313.99
3p9 .80

315.62

315.99
307.42
320.30
31d.65
311.13
322.15
317.o4

317.61

316.54
322.72
321.72
317.68

67.81
43*50
55.97
46.08
31.13

51.45

43.46
57.95
55.25
71.35
41*38
57.34
25.83

51.36

41.34
5..26
513.47
37.68
45.56
54.49
62.54
56.47
40.86
56.94
29.20
46.92

47.89

33.66
49.56
45.49
54.26
40.17
49.24
32.81

43.60

36.42
46.79
44.03
34.81

12020.6
10335.0
9587.3

10442.6
6007.5

9792.1

6143.7
12404.3

9644.7
12275.3
10244.4
9304.0
5838.3

9407.8

6008.4
9612.9
9610.4
5960.5

10069.1
11890.7
12284.3
11971.9
5881.1

11747.8
5997.7
9976.5

9250.9

6108.2
12241.1

9564.3
12215.7
10140.7
9330,9
5909.3

9358.6

5981.5
9501.1
9537.2
5965.0

AVE

10
2C
2D
3C
3E
48
5D

AVE

2A
28
2U
2E



78
78
78
78
78
78
78
78

84
84
84
84
84
84
84
84
84
84

90
90
90
90
90
90
90
90
90
9e
9C

96
96
96
96
96
96
96
96
96
96

(79.3)
(79.3)
(78.5)
(79.2)
(79.0)
(78.3)
(78.5)
(78.6)

3A
38
3C
3D
4A
4C
4E
5C

AVE

18
'C

28
2E
3A
38
3D
4'D
58
5C

AVE

,0

1D
28
2C
2E
3A
3B
3D
3E
48
5C
5D

1056.93
1074,26
1115.85
1075.02
1091.81
1389962
1099.55
1145.42

1096.93

990.81
1023.85
993.29

1026.C4
1000.80
134 3.36
996.07

1016.29
1009.13
1006.15

1011.66

947.74
936.4e
946.64
958.37
915.67
974.49
937.78
926.68

1017.25
98!.50
926.00

952. 5

816.77
815o. 6
775.*17
812.t3
804.C5
808.43
811.35
825.65
838.95
901.54

3(.02J
372.98
3C8.5b
36•.31
361.03
368.31
373.74
360.90

1668.10

349.68
354.83

364.37
365.15
3j6.68
369.13
308.35

66b.97

354.38

478.50
383.21
365.84

375.48
365..79
36b. 19
367.o3
373.30
38d2. 14
365.07

3o Z. 63

378.81

369.76
370.86
382.73
ýz. 62
371. ji
39C. 70
31 . Z.?

a3b.64
371.81
373.57

314.o2
322..4
320.,04
320.79
32.L.19
320.41
317.65
313.41

319.16

325.47
319.88
331.u7
3.6.87
323.23
3 3l .2 b
32b .98
331.14
33%.02
323.34

327.03

334.25
340.90
337.97
335.36
332.51
340.50
338.84
330.23
342.88
332.02
336.81

336.57

341.9&
33o.83
349,.4
343.53
341.10
349.24
347.4b
344.21
347.16
340 .'45

45.59
45.84
53.72
48*25
33.83
49.59
27.42
47.22

4?.96

58.02
57.33
56.08
37.51
58.33
58.04
54.85
53.20
67.23
63.29

56.39

2g.50
40.71
41,8
32.96
53.Z3
43.21
41.25
41.19
47.68
57.36
27.7r.

41.52

40.42
45.75
42.82
28.35
50.21
40.89
40.82
37.14
46.66
51.70

9977.8
11735.1
12149.0
11849.3

5914.4
11675.5

6023 1
9841.5

9179.2

6439.1
11139.4

8226.4
5962.0
9998.1
9778.6

10317.3
9193.6
6360.3

10870.6

8828.5

6058.0
8654.2

11025.2
5848.6
9849.9

10569.2
10915.4
10147.1

8906.8
10308.0

6018.6

8936.4

5938.9
1(499.1

8917.6
5766.8
9744.5

11038.1
11256.4
9177.2
5863.9
9920.7

AVE

18
ic
28
2E
3 A
3a
3D
4D
58
5C

AVE 821-01 379.25 344.65 42.48 8782.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43902C

Test Date: 9/8/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 9260

(See following pages for additional results.)

C. Comments:

0.140 MPa (20.3 psia)

N/A

0.10 kw/m (0.032 kw/ft)

0.028 kg/sec (0.062 lb/sec)

112 0 C (233 0 F)

N/A

N/A

K-197



kUN 4340?C

MASS FLOW - ,U2d1 KG/I•EC INLET 4APOU TEMP - 111.7 DEG C

Z
(4)

Kul HEAT FLUX
LLUATIb,4 IWAITISOM)

.30

.30

.30

.30

.bl

.61

.61

.99

.99

.99

2A
4A

4E

AVE

1C
40

AVE

2A
'A

4 E

909.53
896.Uo

d3b.9.

875.91

149b.25
i't j6 .46
.L4 52. 9't

~285.C312285.0 3

2, 1 lb
2314.82

i.304. 21

?bJ3 c!'.)
e7J4. ii

32385.24i
'2 7.3.3Z
jii . 94

WALL SURFACE TEMP
(DEG C)

129.55
129. 72
125.78
127. 73

128.20

137 . 50
134.30
133.71

135. 17

152.09
153.63
147.43
149 . 12

VA0 IR TEMP
(DEG Ci

114.43
114.44
114.40
114.44

114.43

117.45
116.69
117.85

117.33

1?3.03
1?3.D8
123.08
123.07

1?3.0b

131.25
129.29
13?.76
131.58

TrlTAL POWR -

NO /PQ**.33

17.14
16 .7:o
33.54
18.02

21.31

19.57
31.77
34.79

28. 71

? .72
20.37

42.29
24.3a'

26.93

*1.15
32.84
37.14
23.19

28.33

24.9,
22. 7i
29.1.

AVt

KEYiNOLUS NO.

6892.2

13t77.4
69C9 .9

4.db KW

1.22
1 22
1.22
1.22

1.52
1.52
1.52

iC

58

150. 57

155 . 48
160.04
160 . 52
163. 27

162 .33

17o. 77
179. 34
172.28

6893 .9
11571.8
1C420.5

9628.7

f614 .5
6582.3

13199.4
6b37.4

8Zb.4

6514.0
11IC7.3
iGO72.3
6412 .8

5.26.b

t2z9.6
6123.3
6292.8

AVE

2A

4 A
4 E

131.22

141.90
142.45
141.80

AVE AV3Z3.0 176.13 142.05 25.25 621.L.9



RUN 43902C

INLET VAPJK TEMP a 111.7 DEG :MASS FLOW - .0281 KGISEC TOTAL POWER

NU /PR**.33

4.86 KW

z
(M)

ROD HEAT FLUX
LOCATiON (WA11/SQM)

WALL SURFACE TEMP
(OEG C)

VAPOR TEMP
(DEG C)

REYhOLDS NO.

1.70(1.71)
1.7011.71)
1.70(1.71)
1.70(1.69)

1.78(1.80)
1.78(1.79)
1.78(1.80)
1.78(1.80)
1.78(1.80)

1.80(1.81)
1.80(1.83)
1.80(i.81)
1.80(1.8z)

1.83(1.83)
1.83(1.83)

1.88(1.93)
1.88(1.891
1.88(1.91)
1.88(1.89)
1.88(1.93)
1.88(1.88)
1.88(1.91)
1.88(1.90)
1.88(1.89)
1.88(1.93)
1.8801.88)
1.88(1.90)

2A
4A

'tC
4E

AVE

iC
Z.D

4D
5B

AVE

2D
3C
3E
5D

3669.99
3416.00
3627.33
3565.9o

3569.81

3532.37
3564.25
3t28.10
3644.01

35 •Q *° Z

3j32.37
aS64.25
3b54.itb
3555.83

-3576.73

4715.75
3buc.sl

.io58,33

3448.66
3526.28
33t6.ei

3532.37
34%o.0
3715.75
35t4.25
3512.15
3654.46
a1!37.21
360U.93
35b5.d3

183.86
190.25
183.34
183.83

185.32

181.67
186.50
186.70
191.12
185.53

186.30

188.56
188.37
18t.97
182.23

186.53

192. *
187.05

189.83

176.50
182. 61
180 .75
181.n4
177. 38
181.b2
178.90
179.44
179.51
183.7L
183.82
177.89

148.60
149.81
15'.b16
148.14

149.17

148.69
153.93
153.4C
155.19
152.69

152.78

154.75
194.35
149.64
152.87

152.90

151.25
150.93

151.09

156.28
157.31
156.4q
157.27
156.53
153.16
157.59
156.84
152.63
159.65
152.87
155.82

.26.24
21.08
42.77
25.2U

28.82

37.95
36.43
41.5C
33.64
27.7o

35.45

34.9o
40.48
33.87
30.42

34.93

30.7d
34.43

37.61

43.0C
46.83
54.00
50.06
41.12

65.14
60.57
47.34
49.1b
40.27
40.56

6356.4
5714.7

10971.9
6189.7

7308O.Z

10670.2
9429.2

11350.7
8886.9
6250.1

9317.4

9435.7
11353.6
10396.2

7217.3

9600.7

10736.7
10910.3

10623.5

6172.9
10151.7
12519.7
10341.2
6104.0

11035.6
12781.1
12310.2
110(3.4

9418.0
11115.4
6071.9

AVE

3A
!)c

AVE

10
28
2 C

2D
2 E

3A
3C
3D
3E
48
5C
5 U



AVE 3!ý35*13 180.26 156.04 48.61 9918.8

1.91(1.95) 1D 3448.6b 180.77 157.43 36.96 6187.2
1.91(1.94) 2C 3366.8. 186.44 157.49 44.86 12412.9
1.91(1.91) 20 3b32.3/ 180.33 157.89 53.02 9770.3
1.91(1.93) 3C 35t4.25 182.51 158.58 57.67 12767.3
1.91(1.92) 3E 3o54.,#6 177.24 153.55 53.80 101b5.8
1.91(1.96) 48 3537.27 187.44 16M.50 43.66 9464.6
1.91(1.94) 5D 3555.83 180.46 157.57 38.86 6035.8

AVE 3522.81 182.17 157.57 46.98 9543.4

1.93(1.95) 2A 3169.99 186.59 157.44 31.24 6086.8
1.93(1.94) 2B 3526.28 186.56 158.52 41.97 9846.4
1.93(1.94) 2D .s532.37 183.85 158.56 46.79 9811.1
1.93(1.96) 2E 34(e.76 180.31 157.89 38.00 6140.8
1.93(1.93) 3A 37i5.75 179.30 154.71 52.47 9918.0
1.93(1.94) 38 :593.49 183.77 158.50 54.97 12111.6
1.93(1.96) 3C 35t4.25 185.64 159.39 52.28 12682.3
1.93(1.95) 3D 3j!2.15 185.23 158.33 50.37 12141.8
1.93(1.94) 4A 3416.00 182.22 158.49 35.89 5897.7
1.93(1.94) 4C 3t27.33 183.65 158.83 56.49 11984.8
1.93(1.92) 4E j565.9o 184.40 156.57 31.92 5984.6

AVE 3557,3) 183.78 157.93 44.76 9327.8

o 1.96(2.00) 10 3448.66 184.90 159.36 33.50 6191.5
1.96(1.94) ýc 3366.81 185.83 157.58 46.0C 12418.0
1.96(1.9o) 2u -532.37 187.21 159.17 41.96 9798.0
1.96(1.98) 3C 3564.25 189.32 16C.2m 46.85 12578.8
1.96(1.9b) 3E 3654.46 1B1.52 155.25 48.12 9942.5
1.96(2.00) 48 3537.27 192.C9 161.88 38.61 9465.6
1.96(1.97) 5D 3555.83 183.93 158.83 35.22 6059.3

AVE 3522.86 186.40 158.90 41.4b 9493.4

1.98(2.00) 2A 3b69.99 193.97 159.48 26.07 6068.7
1.98(2.02) 28 3.)6.28 192.88 160.99 36.46 9744.9
1.98(1.99) 20 3532.37 190.65 16t'.15 38.3:d 9764.7
1.98(2.03) ZE 3.iCt.lo 184.65 16n.45 3'.87 6151.8
1.98(1.98) 3A 3715.75 184.19 156.76 46.6C 9719.4
1.98(1.99) 35 3J93.49 191.64 16n.14 43.79 11936.8
1.98(2.00) 3C 3564.25 192.07 161.11 43.84 12478.7
1.98(2.00) 3D a512.i5 191.69 160.27 42.64 11986.6
1.98(2.0u) 4A 3416.00 185.95 160.65 33.3Y 5964.1
1.98(2.0C) 4C 3027.31 189.55 16f".66 48. N, 11876o6
1.98(1.98) 4E 3565.93 192.15 198.Pft ?6.28 6C15.3



1.98(I.98) 5c 3604i.ql 179.61 156.47 53.88 98b9.5

AVE

2.13
2.13
2,13
2.13
2.13
2.13
2.13
2.13
2.13
2.13

2,29
2.29
2.29
2.29
2.29
2,29
2.29
2.29
2.29

2.44
20944
2.44
2.44
Z.44
2.44
2.44
2.44
2.44
2.44

1B
IC
2B
2E

38
30
40
5B
5(C

AVE

i: a
2C
2 E

3A
3B
30
4B
5(C
5D

35 6,4; .93

3191.85
3999.86
3271.7t
339. 62
3224.48
3Z48.88

?271.79
3376.71
3219.0±
BZ57.57

3260.15

3027.51
3334.69
3ý60 8.83
3068.35
3072.43
3083.23
3198.C5
3092o*l

3335.30

3J6 *72

2638.37
2b71.Ci
i768.89
2571.06
2616.47
2725.74
2701.97
2607.63
26BO.40
Z771.52

189.08

187.44
181.23
190.29
187.15
188 . 4C
190.04
190.27
193.66
187.77
1840bO

188.09

202.56
201.83
193.74
196.46
204.07
203.07
202.46
191.67
188.94

198.31

198.22
191.88
204. 78
198.03
199 . 40
206.67
204.25
234.96
195.18
196.33

159.68

164.34
161.58
165.56
154.70
162.79
165.52
165.08
165.97
165.64
162.56

164.37

171.41
170. 21
170.12
167.96
171.11
170.52
172.34
167.46
170.16

170.14

174.84
171.48
176.53
175.19
172.92
176.07
175.45
176.34
175.91
172.29

39.51

33o94
57.62
43.5(
35.44
42.70
50.26
49o .3

39.8b
35.63
50.39

43.87

31.18
39.14
30.86
35.85
34.45
35.09
34.02
42.85
43.18

36.29

26.ql
43.6b
31.12
?6.85
35.-4
32.57
34.4o
28.91
33.25
38.18

9298.1

6342.3
10947.6

8364.2
5989.9
9855.9
9920.1

10419.9
9266.5
6346.1

10862.1

8831.5

8828.5
11051.9

5879.3
9680.5

10699.9
10993.6

8980.5
10289.7

6176.6

9175.6

5863 .8
9970.6
9036.1
5792.b
9570.0

11125.2
11309.5

9248.3
5891.4
9925.5

i

AVE

18
IC

28
2E

3A
3B
30
40
5B
5C

AVE 2695031 199.97 174.70 33.10 8773.3



RUN 43902C

IASS FLOW = .Ut2?Q LBM/NIt INLET VAPJR TEMP - 233.0 DEG F

z

12

1212
12

24
24
24

KOD HEAT FLUX
LOCAT.Uth (oTUIHR-S$FT)

4ALL SURFACE
(DEG F)

TEMP VAPIP TEMP
(DEG F)

?A
4A

4 E

AVE

1C
lb
I c

AVE

0

39
39
39
39

48
4$
48
48

60
6%
60

2A
4A
4 C
4E

AVE

ib
iC
'tD
58

AVE

2A
4 A
4 E

288.28
284.b5
,E71 .71

e65. 9u

277.b3

443.19
-t!55. 3V
460.52

699. L:;
724ab0

164 .2'.
7?3.7u

86o.60
911.59
b lo . 9.L

o70.u3

1072.97

.tu-9. 7'.

265.19
26,.49
253.*41
261.92

262 . 715

279.51
273. 73
272.68

275.31

3j5.77
308. 53
297.37
330. 4 1

333.02

329.86
320.08
320 . 94
325.*89

324.*19

35 0 . 19
354. i
34.2. 11

237.98
?18.00
237.93
237.99

237.97

243.41
242.03
;144. 13

243.19

?53.46
253.54

253. 55
?53.52

253.51

268.25
264.72
'70.96
258.84

?68.19

287.42
288.42
297.274

TOTAL POWER a

4U /PR**.33

17.1,i
16.75
33.5-t
18 -14

?1 . 37

19.57
31.7"7
34.79

28.7±

?m.72
21.37
42.29
24.3,

4.51 6TU/SEC

kEYNOLUS NO.

6892.2
6890.0

13877.4
69%.,9.9

8642.4

6893.9
11571.8
i0420.5

9628.7

6614.5
b582.3

13199.4
6637.4

8Z58.4

614 .0
.1107.3
10072.3

641Z.8

8526.6

6219.6
6123.3
6292.8

20.15
32.84
37.14
23.19

28.33

24.95
22.71
28.1u

AVE iAV)3., 349.)4 297.69 25.2!ý 6211.9



RUN 4390?C

MASS FLOW a .&)620 L03YSEtC INLET V&PU[ TEMP a 233.n DEG F

z
(IN)

ROD HeAT FLUX
LOCATION (BTUIHR-SQFT)

67
67
67
67

7D
7J
7D
70
70

71
71
71
71

(67.5)
(67.4)
(67.3)
(66.7)

(70.b)
(70.3)
(71.v)
(70.8)
(70.9)

(71.2)
(71.9)
(71.2)
(71.t)0

2A
4A
4C
4E

AVE

IC
2U
3c
4D

AVE

2D
3C
3E
5D

AVE

3A
5•

AVE

26
2C
20
2E
3A
3C
3D
3E

5C
5 u

1163.23
1082.73
1149.71

1131*48

1136.57
1119.b1
!12S.71
1149.95
154. 99

1138.1?

1119.61
1129.71
1158.31
1127.05

1133.67

1177.73
1141.33

1159.53

10 93.0
1117.68
1067.14
1119.61
1079.80
1177.71
±129.71
±113.20
1158.31
ii 1. 1b
l141.33
l127.US

4ALL SURFACE TEMP
(DEG F)

362.95
374.44
3o2.01
362.90

365.58

359.01
367.71
368.06
376.02
365.95

367.35

371.41
371.07
368. 55
360.02

367.76

376.70
368.69

373.70

349.69
360.70
357.36
357.87
351.29
358.92
354.C3
354.99
355.11
362.68
362.87
352.20

VAOOR TEMP
(DEG F)

299.47
301.66
302.28
298.64

300.51

299.64
309.0R
308.12
311.33
306.84

307.00

316.56
399.83
301.34
307.16

307.22

304.25
303.68

303.97

313.31
315.15
313.67
315.09
313.76
307.69
315.64
314.31
306.73
319.37
307.17
312.48

TOTAL POWER

NU /PR**.33

26.24
21.08
42.77
25.2C

28.82

37.95
36.43
41.50
33.64
27.76

35.45

34.96
40.48
33.87
30.4e

34.93

30.7b
34.43

32.61

43.00
46.83
54.00
50.06
41.12
45.29
65.14
60.57
47.34
49.18
4M.27
40.5t,

4.61 BTU/SEC

REYNOLDS NO.

6356.4
5714.7

10971.9
6189.7

7308.2

10670.2
9429.2

11350.7
8886.9
6250.1

9317.4

9435.7
11353.6
10396.2

7217.3

9600.7

lC736.7
10910.3

10823.5

6172.9
10151.7
12519.7
10341.2
6104.0

11035.6
12781.1
12310.2
11003.4

9418.0
11115.4

6071.9

72 (71.9)
72 (71.9)

74
74
74
74
74
74
74
74
74
74
74
74

(75.8)
(74.6)
(75.2)
(74.3)
(75.9)
(74.1)
(75.0)
(74.9)
(74.3)
(75.8)
(74.1)
(74.91



AVE 1120.48 35b.48 312.87 48.61 9918.8

0

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
78

78
78
78
78
78
78
78
78
78
78
78

(76.9)
(76.4)
(75.31
(76.1)
(75.4)
(77.0)
(76.5)

(76.7)
(76.4)
(76.3)
(77.2)
(75.9)
(76.,')
(77.0)
(76.7)
(76.5)
(76.5)
(75.7)

(78.6)
(76.5)
(77.1)
(77.9)
(77.2)
(78.7)
(77.7)

(78.7)
(7Q. 4)
(78.3)
(79. b
(78.0)
(78.5)
(78.9)
(78.9)
(78.6)
(78.u)
(77.8)

AVE

2A
28
20
2E
3A
3B
3C
30

4C
4E

LD
2C
2D
3C
3E
48
5D

AVE

1093.08
1067.14
I 1,;. 61
1129.71
1158.31
1121.10

1116.5d

1163.23
1117.68
1.& 9 .6±
±.Au 7 9.80
±177.73
1138.98

11i3.2J
1082.73
±149.71
1130.24

±127.51

1093.oC
1067.14
1±19.61
1129.71
1158.3i
±121,16

1±27,05

1116. 8

±163.23
ll17.68
11.61

1079.8j
1177.73
l138.98
1129.71
l113.20
1082.73
1149.7i
1130.24

357.39
367.59
356.60
360.52
351.03
369.38
356b83

359.91

367.86
367.81
362.93
356.56
354.74
362.79
306.16
365.42
359.99
362.56
363.92

362.80

364.82
366.50
368.97
372.78
358.73
377.77
363.07

367.52

381.14
379.18
375.17
364.38
3o3.54
37b. 95
377.72
377.05
366.71
373.20
377. 86

315.38
315.49
316. 2n
317.44
308.39
320.90
315.62

315.63

315.39
317.34
317.42
316.19
310.47
317. I3
318.90
316.99
317.27
317. R9
313.82

316.27

318.84
315.65
318.51)
320.36
311.44
323.39
317.89

318.01

319.P7
321.77
320. 27
320.80
314.17
320.61
321.99
320.49
321.17
321.19
317.83

36.96
44.86
53.02
57T.67
53.80
43.66
38.86

46.9b

31.24
41.97
46.79
38.00
52.47
54.97
52.28
50.37

35.89
56.49
31.92

44.76

33.50
46. N;

41.96
46.85
48.12
.38.61
35.2a

41.46

?6oM7

36.4o
38.35
34.87
46 .6(.
43.79
43.84
42.64.
33.39
48.02
26.26

6187.2
12412.9

977u.3
12767.3
10165.8
9464.6
6035.8

9543.4

6086.8
9846.4
9811.1
6140.8
9918.0

12111.6
IZ682.3
12141.8

5897.7
11984.8

5984.6

9327.8

6191.5
12418o0

9798.0
12578.8
9942.5
9465.6
6059.3

9493.4

6068.7
9744.9
9764.7
6151.8
9719.4

11936.8
12478.7
11986.6

5964.1
11876.6

6015.3

11)
20
20

3E
48
5D

AVE

ZA
28
20
ZE
3A
3 b
3C
30
4A
"C
4E



78 (78.0) 1141.33 355.30 313.64 53.88 9869.5

AVE

84
84
84
84
84
84
84
84
84
84

90
90
90
90
90
90
90
90
90

96
9b
96
96
96
96
96
96
96
96

18
1C
28
2 E

3A
38
3D
4•
58
5C

AVE

28
2 c
2E
3A
38
30
48
5c
5D

1128.6b

1011.28

iQ45.91
1037.Ci
1,026482
&i22.02
1029.76
1037.02
iC7$;.27
io2u.29
1032.51

1033.33

959.59

95b.84
972.54
973.83
977.25

10.i3. tt
980.01

1057.15

994.21

836.2i
646.*t) ,J
877.(Z
814.92
892.70
tit)3. 9,

856.41
826.51
8749.'
b78.4i

372.35

369.38
358.22
374.52
368*86
371.12
374.08
37t . 49
380. 59
369.99
364. 29

370.55

39b.61
395.30
380.74
385.63
399. 32
397.52
396.42
377.01
372.09

388.96

388.80
377. 38
430.61
388.45
390.92
404.01
399-64
400 . 93
383.33
385.40

327.82
322.85
33D.Dl
3Z8.46
325.02
329.93
329.14
330.74
330.15
324.60

327.87

340.53
338.38
338.21
334.32
339.99
338.94
342.21
333.43
338.29

338.26

346.72
340.66
349.75
347.34
343.25
348.92
347.80
349.41
348.64
342.12

39.51

33.94
57.62
43.50
35144
42.70
50.28
49.31
39.88
35.63
50.39

43.87

31.16
39.14
30. 8t
35.85
34.45
35.09
34.3Z
42.85
43.18

36.29

26.91
43.66
31.12
26l. S!b

35.04
32.57
34 -4 t

28.93
33.25
38.1b

9298.1

6342.3
10947.6

8364.2
5989.9
9855.9
9920.1

10419.9
9266.5
6346.1

10862.1

8831.5

8828.5
11051.9

5879.3
9680.5

10699.9
10993.6

8980.5
10289.7

6176.6

9175.6

5863.8
9970.6
9036 .1
5792.8
957C .0

11125Z.
11309.5

9248.3
5891.4
9925.5

CD

ktn

AVE

18
IC

2E
3A
38
3D
40
56
5C

AVE 854.303 391 .95 346.46 33.1C 8773.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41202D

Test Date: 10/7/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 9054

(See following pages for additional results.)

C. Comments:

0.148 MPa (21.4 psia)

N/A

0.104 kw/m (0.0318 kw/ft)

0.028 kg/sec (0.062 lb/sec)

112 0 C (234 0 F)

N/A

N/A

K-206



MASS FLUW

z
(A1

.30
.30
.30

.61

.49

.99

.99

* U26l KG/ý>L-C

LOý ATI tl%

4A
4C

AVE

1 C
46

58

AVE

2A
itA
4A

AVE

IC
4 E

AVE

2'A

4A
4 C

AVE

RUN 41202D

NLKET VAPOR TEMP - 112.2 nFG =

HLAT FLUX 4ALL SURFACE TEMP VAO)D TEMP
(WAIT/S..M) IDEG C) (DFG C)

873.55 131.28 115.63
678.13 13).76 115.62
d3QtZ 127.77 115.58

dbcyo 129.94 115.61

1452.25 134.84 117.87
1435.2o 136.32 118.59
1i58.ii 136.68 118.6r)

1415.34 135.95 118.35

i322.41 153.50 124.22
D43.cA 121.21 124.16

4477.bZ 1-t7. 57 1ý4.16

2300.10 150.76 124.18

2682.53 159.58 13n.47
i79.4u 157.78 132.32

Z71l.bu 158.08 131.39

3JD•,62 183.99 143.07
31:0.5i 174.89 143.4D
3174.c3 174.17 143.21

3Z 5. 177.68 143.23

TITAL POEot a 4.63 KW

MU /PQ**.33 REYNOLDS NO.

15.RZ
16.45

2m. SL

33.18
22.67
21.0.5

25.63

21.54
23.2k,
41.36

28. 7

33-9t)

28.71

31.34

25.69
41.53

2 9.1 ,

6844.8
6850.5

13784.6

9i160 .0

11516.2
0b77.4
6873.6

8422.4

6573.7
bý79.9
13151.4

8768.3

11071.5
6:t, .8

8816.1

6134.0
6141 .1

.L2333 .0

8202.7

N,)
0

1.22
1.22

1.52
1.52
1.52



RUN 41202D

INLET VAPuR rehp - 1±2.2 DEG CMASS FLOW a .0281 KG/SEC TITAL POWER a 4.83 KW

z
(M)

ROD HEAT FLUX
LOCATIU4 (WAITISCM)

4ALL SURFACE
(tiEG C)

TcnP VAPOR TEMP
(UEG J)

NU /PR**.33 KEYNOLDS NO,

0O0

1.70(1.72)
1.70(1.72)
1.70(1.72)

1.78(1.80)
1.78(1.79)
1.78(1.82)

1.80(1.87)
1.80(1.81)
1.80(1.82)
1.80(1.82)
1.80(1.80)

1.83(1.83)
1.83(1.84)
1.83(1.84)
1.83(1.84)
1.83(1.83)

1.88(1.88)
1.88(1.89)
1.88(1.89)
1.88(1.95)
1488(1.89)
1.88(1.88)
1.88(1.91)
1088(1.89)
1.88(1.90)
1.88(i.88)
i.88(1.88)
1.88(1.87)

AVE

1C
3C
4E

AVE

2C
2D
3C
3E
4D

2A
4A
4C

AVE

1B
20
3C
3D
4D

3466.91
3562.E(
3646.3d

3558.7C

3462.56
3670.15
3504.65

3545.79

3488.74
3624.17
367P0.15
3409.77
3640.43

3566.65

3668.52
3624.17
3670.15
3629.C4
364C.43

364b.46

3668.t2
3524.98
3748*k'9
3488.74
3624•.17
3565.79
3626.85
3664.61
33P1.31
364C.43
3553.33
3408.19

i92.6o
19 2. b6
184.6d

±85.27

I8b 7. 7r
162.39

185.12

192.5d

186.06
176 * 7 4

4'.2. 44

±9l.36

1S'ce 2 2
19.214

1ý3. 03

191.44ý '
1".199

191.4b
1 9. 6 j.

19 5. 1c
189.bl
±93. ),t
±85.b9

1b8. 67

Ibl1. 6 i

17j. 72

154U.58
150.54
150.75

150J.(2

15u.21
153.33
153.58

152.47

156.42
158.44
154.33
i5%.7
155.76

154.73

153.8b
157.13
. 5 .31
154.99
1i6.58

155.57

156 .L64
156.68
159.43
A59.38
15b.72
155 .t
154.75
158 .U
159.78

154.21
15..75

23.44
20.99

41.89

27.78

34.19
41.31
30.49

35.3.

36.92
29.48
42.01
45.88
25.54

35.96

25 o1
31.48
4)o57
36o55
34.68

33.66

25.55
26.4o
34.59
44.16
34.89
Z9.62
36.36
44.45
39.26
41o13
44.87
4fl.93

6142.9
609493

11974.6

8070.6

11243.2
13311.0
7092.6

4l568.9

1378692
10781.6
13399.5
i1576.6

11290.0

12166.8

6895.5
i10U9.2
13923.2
13127.2
10455.6

11082.1

6992.1
6982.2

10884.9
12184.1
11204.4

7566.7
10518.7
13606.8
10478.0
12ý24,0
11767.6

7484.0

AVE

1i
10
23
2C
20
2E
3A
39
4B
40
5C
5D



4VE 3574o50 L e 8 ,*' 157.Z 35.86 10141.1

1.91(1.92) 1D 3524.98 ±90.21 L57.49 26.57 6574.2
1.91(1*98) 2C 3488.74 1b9.o2 16ý.I8 45.75 12022.4
1.91(1.92) 2D 3624.17 L94.07 159.94 34.97 10711.1
1.91(1,93) 3E 3409*77 175.79 155.15 57.57 10358.5
1.9101.93) 4S 3381.31 169*5J 1W.91 39.14 9659.9
1091(1.91) 4D 3640,42 188*41 159.47 41979 11215.3
1.91(1.93) 50 3408.19 179o17 1,7.s6 39.49 6173.9

AVE 3496.8C 16668 1)8.72 40.76 95308

1.93(1.93) 1B 3668.52 192,54 157.59 25.81 6046.0
1.93(1.95) 2A 3466.91 ikO2.35 158.74 25.32 5945.5
1.93(1.94) 28 3748.09 194.25 161.Z4 37.32 9525.5
1.93(1.95) 3A 3626.85 189.0ow 156.53 37.41 9896.2
1.93(1.94) 38 3664.61 189.61 159.66 46.81 12102.6
1.93(1.95) 3C 3670.15 1b9o46 159.7o 47.27 12363.3
1.93(1.94) 3D 3629.04 192*J5 159.11 42.03 12296.1
1*9 3 (1* 9 5) 4A 3562.BC Lbd*39 158.62 29.55 5920.4
1.93(1.95) 4C 3646.36 168.42 160.05 44.21 12058,3
1.93(1.93) 4D 3640,43 l•8.00 160.34 43.69 9755.3

AVE 3632.38 .90.47 159.17 33o44 9590.9

C 1.96(1.96) lfl 3524.98 ±89.63 L58.94 28.30 6010.8
1.96(2.02) 2C 3488,74 192.bb 162.04 43.25 11899.7
1.96(1.97) 20 3624.17 194.30 i6i.71 37.74 9549.1
1.96(1.97 3C 3670.15 i 8 9 .o3 160.05 43.36 12309.7
1.96(1.97) 3E 34C9.77 177.94 156.5o 55.30 10122.6
1.96(1,97) 48 3381.31 192.c0 162.51 36.87 9427.4
1.96(1.96) 5D 3408.19 181.J8 16.78 38.1o 5954.2

AVE 3501.C4 18 8 ..L3 164..17 41.13 9324.8

1.98(1.98) 18 3668.52 196.96 159.ol 23.94 5862.9
1998(2.00) 2A 3466.91 198.25 161.%3 22.62 5949.4
1.98(1.98) 2B 3748.C9 197.24 L62.91 35.66 9371.0
1098(1099) 2D 3624.17 194.21 16z.77 37.81 9539.2
1998(2.0.) 3A 3626.b5 ±93.80 158.5L. 34.76 9732.0
1.98(1.99) 38 3064.61 194.oi 161.72 42.87 11845.5
1.98(2.00) 3C 3671,15 19L.o3 161.71 47.99 ±2282.4
1.98(1.99) 30 3629.04 ±9oo.• i61.±uj 46.46 12(78.5
1.98(2*00) 4A 3562.6C 192.68 160.61 27.74 5849.2
1.98(2.00) 4C 3646.38 19.Z66 161.99 45.14 11948.1
1.98(1.98) 40 364C.43 167.69 162,•7 47.62 9577.3



1.98(l.98) 5C 3553.33 it)2.53 157.60

AVE

2,l3
2.13
2.13
2,13

2,13
2.13
2.13
2.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2,29
2.29
2.29
2.29
2.29
2,29

2.44
2,44
2.44
2,44
2o44
2 *44
2.44
2,o44

1B
ic
2B
2 E
3A
38
3U
4E
56
5C

AVE

13
1D

28
2C
2E
34
38
3 E

4B
5C
5 D

3625.11

3283.47
3268.08
3343.57
3236.66
3344.67
3233.3C
3151.48
3262,7C
33t7.75
3242.62

3275.48

3279.28
3241.82
3 15 3.9F
3118.21
3056.69
315ý .76
3093.77
3112.82
3077.83
3109.16
3247.25

3149.24

2597,Ct
278 4.(.0
28C4,22
2771.76
2727.•
28CC.C2
2733.62
2733.12
2714.9C
284C.16

19i2. b (

190. 85
1t8.36
193.89
16b9. 60
1W9.83
1911 22.
190,d5
L84. 67
179.01
181. 8'

186.02

1,08.58
192. ji
24. 90
d. 5.42
19;.39

±L96.1
i2t,.b'.
1902. 0
202.6'

79. 81

183.48

196.24

.9, 3.69
i 7.81.
L'ul. 9

193o27

193o.

160 .99

165.66

162 .8b
16b .•.
166.24

167.04
166 .,#2
165.32

1 bc3 .26

165e53

1 70.*6 3
1 7% .*5 5
174 v9
172,02
171.09
18•9.13

172.90
167.97
173.7b
1683.17
1 Nu .58

170a99

115.49)
Z72,b2

j 79 .. L 7
175.82
174.14
177.95
117.15
174 .,05
175.58
A. 73 -* J

33.47

32.01
43.40
42.79
33.81
41.72
52,79
48*5i
41.72
b6400
59.63

46.37

28.11
36.56
32.53
34.36
33.24
36.04
38639
42.16
34o29
47.34
59.76

38.16

24.47
36.6b
3 683
25.11
41.69
37.1U
37.82
28o86
35,78
52.93

9516.7

6248.6
10749.1

8135.8
5904lI
9776.7
9799.6

10326.3
6505.2
6502.8
11004.6

8495.e3

5948.8
6055.3
8581.9

10896,8
5802.9
9561.2

10550,5
10026.2
8856.7

10386.6
0149.1

8437,8

5778.4
9760.*5
8798.8
57o7,3
9510.8

10980.4
11219.0

5909.0
6053 4

10068.0

AVE

18
1c
2B
2E
3A
3B
3D
4E
5B
5C

AVE 2750,67 199. a .075.54 335.33 8378.b



'4,SS FLOW ,U*beO LBI:/.ýL

Z RJO
( I ) LUL A I ±UN

1? ZA
12 4A
12 4

AVE

24 iC
24 4
24 58

AVE

39 4A
39 4A
39 4C

RUN 41202D

INLET VAPUR TEMP - 234.0 DEG =

HEAT FLUX 4ALL SURFACE TEMP VAPOR TEMP
tdiOt/HR-SJFTj (DEG F) (DFG F)

276.88 268.30 240.14
278.52 257.37 240.11
263.21 2b1. 49 24r'.r'4

e72.8? 265.88 240.10

460.3v 274.72 ?44.16
454.92 277.38 245.46

30g.59 278.02 245.4P

78.6t 275.71 245.03

730.12 308.30 255.59
729.9t 304.17 255.50
721.C2 247.t2 255.49

729.03 303.36 255.53

650.25 319.24 266.84
b68.24 31b.01 270.17

,9 .21 317.63 268.50

1063.59 363.19 289.53
998,5l 346.8-1 290.11
995.4. 345.51 289.78

10i9oz0 351.83 789.81

TOTAL POiWEk

NUl /PR**. 33

15.82
16.45
3M.lk

21.8L,

33.16
22.67
21.05

25.63

71.54
23.20
41.36

28.7[C

33.9o
28.71

31.34

20.81
25.69
40.53

29.01

4.58 BTU/SEC

REYNOLUS NO.

6844.8
6850. 5

13784.6

9160.u

11516.Z
6877.4
6873.6

8422.4

6573.7
6579.9

13151.4

8768.3

1L 71.5
6560.8

8816.1

6134.0
6141.1

12333.0

b2Q2 . 7

IJ

48
48

61

60
60

AVE

IC
4 E

AVE

2A
4A

AVE



AVE 1132999 370ob5 315.35 36.86 10141.1

I3
Ho
N-)

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
7e

(75.4)
(77.8)
(75.6)
(76.1)
(75.9)
(75.1)
(75.8)

(75.9)
(76.7)
(76.3)
(76.9)
(76.3)
(76.8)
(76.4)
(76.7)
(76.9)
(76.0)

(77.0)
(79.5)
(77.4)
(77.7)
(77.6)
(77.6)
(77.0)

(77.9)
(78.9)
(78.1)
(78.5)
(78.9)
(78.5)
(78.8)
(78.5)
(78.6)
(78.9)
(7.o0)

AqE

18

28
3A
38
3C
3D
44
4C
4D

10
2C
20
3E
48
4D
5D

AVE

1117.27
1105.78
1148.71
1V80.75
1171.73
1153.86
1080o2f

IIC8.34

1162.77
1098.8t
1187.9e
1149.5t
1161.52
1163.28
1150.25
1129.25
1155.75
1153.86

1151.31

1117.27
1105.7e
1148.71
1163.2b
108 K.7 5
1071.73
1080.25

1109.t8

1162.77
1098.68
1187.98
1148.71
1149.56
1161.52
1163.26
115C.25
1129.25
1155.75
1153.86

374. 3b
373.31
381.33
348.42
373.10
371.13

b54.50

3 60. a2

376.58
378.24
3 b1. o 5
373. •9
373.30
373.3U

377,o9
371.11
371.Ju
370. 4 w

374.84

373.33
378.79
379.93
373.34
352.?9
378. 6bJ
357.94

37u.63

386. 5
388.85
387. J3
3b i..5d
3b8C.3
36,. 43
37.1.50
375.57
377.74
378.6%)
369.83

315.48
341iý .8d6
319.9,j
3 .L1 .28
321.64
319.05
31 .0

317.69

315.67
317.14
322.23
313.75
319.4w
319.j7
31.39
317952
3e)*10
32).1

318.50

318.09
323.66
323 .)8
321.16
313.81
3Z4.52
317.80

320a30

319 o*?
3 eo1. 0
32j.2'#
324.98
317.30
323.39
323.Ou
3 1.99
321.1,0
323.59
32t.27

26.57
45.75
34.97
57.57
39o14
41.79
39.49

4D076

25.81
25.32
37.32
37.41
46.81
47.27
42.03
29955
49.21
43.69

38.44

28*30
43.25
37.74
48.36
55 .3.0
36 o F7
38 .11.

41.13

23.94
22.62
35.66
37.81
34.76
42.87
47.99
46.46
27.7't
45.14
47.62

6574.2
12022.4
1L711 .1
10358.5

9659.9
11215.3

6173.9

9530.8

6046.0
5945.5
9525.5
9896.2

12102.6
.2363 .3
12296.1

5920.4
12058.3

9155.3

9590.9

6010.8
i1899.7

9549.1
12309.7
10122.6
9427.4
5954.2

9324.8

5862.9
5949.4
9371.3
9539.Z
9732.0

11845.5
1228Z.4
12076.5

5849.2
11948.1

9577.3

10
2C
20
3C
3E
48
5D

AVE

18
2A
28
20
3A
38
3C
3D
4A
4C
4D



KUN *120ZD

INLET VAPuK TEmP - 234.0 DEG FMASS FLOW a .0620 LBM/SEC

z
(IN)

ROD HEAT FLUX
LOCATIO4 (dTU/HR-SQFT)

I--.
I.•

67
67
67

70
70
70

71
71
71
71
71

72
72
72
72
72

74
74
74
74
74
74
74
74
74
74
74
74

(67.8)
(67.6)
(67.8)

(70.9)
(70.6)
(71.5)

(73.5)
(71.4)
(71.6)
(71.6)
(71.0)

(71.9)
(72.4)
(72.6)
(72.4)
(72.0)

(74.1)
(74.5)
(74.4)
(76.6)
(74.4)
(74.0)
(75.0)
(74.6)
(74.7)
(74.3)
(74.?)
(73o8)

2A
4A
4C

AVE

1C
3C
4E

AVE

2C
20
3C
3E
40

AVE

18
2D
3C

30
40

AVE

18
10
23
2C
20
2F
3A
38
48
4D
5C
5D

1098.86
1129.25
1155.75

1127o95

1097.48
1163.28
1110.82

1123.8t

1105.78
1148,71
1163.28
1080.75
1153.86

1130948

1162.77
1148.71
1163.28
1150.25
1153,86

1155.77

1162.77
1117.27
1187.98
1105.78
1148.71
1130.2C
1149.5t
1161.5Z
1071.73
1153.86
1126.25
1080.25

4ALL SURFACE TEMP
(JEG F)

378.80
378,80
364.43

374.31

36b54b
369.87
3t.31

3t5.22

376.64
3bb6.!3
37C.52
30.4.11
39t.40

376944

374.39
383.25
374. 1t
379.46
3$76.60

3s71.o58

376.63
37 3. hiv

3o3. 18
373.3C
379.4 1

366.63

372.02
373.34
371.06

37C.00

4ý8. 9,
350.10

VAPOR TEAP
(UEG F)

303.04
30,297
303.36

303.12

3,2.38
308.00
308.44

306.21

313.55
313.60
309.80

31•.36

3 1U * ý

3Gu .95
314.83
311.ý6

310o97
313*8.

312.03

312.88
314.u3
318.98
318.89
317.70
312.73
310.55
3ib.41
319.60
316.90
30 .)7
312,35

TlTAL POWER

4U /PR**.33

2).44
20.99
41.89

27.78

34.19
41.31
30.49

35933

36.02
29.46
42 .31
45.86
25.54

35.96

25 .f1
31.48
43.57
35.55
34.68

33.66

25.55
26.46
34.59
44.16
34.89
29.62
36.36
44.45
39.*26
41.13
44.87
43 .?3

4.5d BTU/SEC

REYNOLDS NO.

6142.9
6094.3

11974.6

8070.6

11243.2
13311.0

7092.6

10548.9

13786.2
10781.6
13399.5
11576.6
11290,0

12166.8

6895.5
11009.2
13923.2
13127.2
10455.6

11082.1

6992.1
6982.2

10884.9
12184o.
11204.0

7566.7
10518.7
13606.8
10478.0
12024.0
11767.6

7484.0



78 (78.1) 5C

AVE

84
84
84
84
84
84
84
84
84
84

90
90
90
90
90
9g
90
9c
9C
9C
90

96
96
96
96
96
96
96
96
96
96

1B
IC
28
2E
3A
30
3D
4E
58
5C

AVE

IB
ID
28
2C
2E
3A
33
3E
4B
5C
50

1126.25

1149.0"

104r5.72
1035.84
1059.77
1325.95
1060.18
1024.84
998.8b

1040.48

1027.77

1038.19

1039.39
1027952
999.67
988.37
968.84
998.66
980.59
986.63
975.54
985.47

1329.24

998.17

823.16
882.41
888.82
878.53
86 4. 61i,
887.4S
866.44
b 66.26
860.51
9 C(ý .21

378.69

a7j.52
3w 1.06
311i. 00b3bi*00

373.07
3 75.5 -.
374.49

364.4O
j:e 4. 3
.359.31

370.4a

3 89.45
377. oi

4CI,76
3d1. 69
368.o4.

39t.7:
378. 86
396.40
37,1 3 o
362.96

386. 48

393.41
3b 7.b 4
•C6,06

395. 5
Sb 5. 2

40 1.9 i
3B 8. -4
387.56
3 79. 9
3 75. -):

31S .69

321.79

330*54
325.15
335.4u
331.21
326.84
331.67
331.56
3Z9 .78
330.89
325.86

329.95

339.,i4
339•04
345.37
341.63
3B9.95
336.44
343.22
334.j5
344.76
334.71
339,fJ5

339.79

347.88
342.71
35'1.50
348.48
345.,t5
352.3i
JO.87
346.92
347 . i)
343.39

38947

32.01
43.4#
42.79
33*81
41.72
52.79
48.81
41.72
64.00
59.63

46.M7

28.11
36.56
32.53

34. 3c
33.24
36 .:4
39,39

4 ?.16
34.29
47o34
59.76

38,16

24.47
36.66
30.83
25.11
40.69

37.82
208.6
35.78
5? .93

9516.7

6248.6
1U749.1

8135.8
5904.1
9776.7
9799.6

1032603
6505.2
6502.8
11004.6

8495o3

5948.8
6055.3
8581.9

10896.8
!) 832 *.9
9561.2

10550.5
1..026.2

8856.7
10386.6

6149,1

8437.8

5778.4
9763.5
8798.8
5707.3
9510.8

10980,4
11219.0

5909.0
6053.4

1U068 .0

49.04 10164.4

AVE

18
ic
28
2E

3A
38
3D
4E
5B
5C

4.VE VE71.8 ' 391.14 3i7.97 35.03 837,6.



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40102E

Test Date: 11/25/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 6695

(See following pages for additional results.)

C. Comments:

0.144 MPa (20.9 psia)

N/A

0.075 kw/m (0.023 kw/ft)

0.021 kg/sec (0.046 lb/sec)

112 0 C (233 0 F)

N/A

N/A

The power and flow were reduced approximately 39 percent to provide data at a

lower Reynolds number.

K-215



RUN '0102E

MASS FLOW = .02)9 KGISE. INLEr VAPOR TEMP a 111.7 nEG :

z
(m)

.30

.3U

.o3f

RUU HEAT FLUX
LOC ATIUJa (WATT/I M)

15
2A
,,E

.61

.61

.b1

.99

.99

.99

.99

I-
0t'

I C
3B
58

AVE

iB

AVE

IC

AVE

1B

'tC

662.'b

672 .4

659 .44

1u~i.9i

9b6'. *z

998.i4

ib98.9N
1665. 8

b
1(558099
lbbl. 12
it)43.84

lo62.46

1951.55

193b.87

25b5.26
2t71.81
i.)33.24

.4LL SURFACE TEMP
(UEG CL

12 .*49
120.76
119.98

120.74

125.94
125.25
127.71

125.30

143.88
143.72
139.03
14Z.67

1,*2.32

151.67
152.z8
151.68

1i1.87

169.46
170.61
162.54

VAPIR TEMP
(DEG CI

114.35
114.35
114.34

114.35

116.47
I17.l'•
117.26

I16.94

172.69
122.67
122.63
17?.68

122.67

128.42
130.82
131. 69

129.98

140.57
140.68
140.79

TnT&L POWER U

NU 1PR**.33

?6.73

34. 4

30.01

42 .M7
55 .3
26.25

41.23

21.69
21.75

44.*2 1
22.73

27.6.

31. 30
37.79
24.84

31.34

23.08
21.43
47. 4

kEYrtOLDS NO.

5141.3
5146.9
5152.6

5146.9

8739.5
iC049.8

'178.4

7989.2

4937.1
4941.1

&C13i.9
4944.8

6238.7

8402.2
9286.5
4822.5

7563.7

4667.4
4634.0
9544.8

6282.1

3.51 KW

1.22
1 .22
1.22

1.52
1.52
1.52

AVE 167.54 140.68



RUA4• •* 7ZE

INLET VAPUA 1EMP - 111.7 biEG C
MASS FLOW - .0209 KG'SEZ Tr1TkL PJWER

NU /PR**.33

3.50 KW

z
(M)

ROD
LOCATION

HEAT FLUX
(qATTiScM)

-WALL UkFACE
(GEtj k;)

TEMP OAPOR Tt:MP
(DE6 C)

REYNOLDS NO.

I

1.70(1.68)
1.70(1.69)
1.70(1.68)
1.70(1.69)
1.70(1o69)
1.70(1.70)
1.70(1.71)
1.70(1 .70)

1.78(1.79)
1.78(1.76)
1.78(1.78)

1.83(1.81)
1.83(1.88)

1.85(1.85)
1.B5(1.86)

1.88(1.89)
1.88(1 .88)

1.91(1.91)
1091(1.93)
1.91(1.92)
1i91(1.90)

1.93(1.92)

AVE

2C
3C
3D

AVE

3E
5C

2A
28
2C
2E
4A
4B

4C
4E

2512.75
2453.4g
2497.78
2508.43
25C2.o80
2496.38
2554.75
2510.53

25C4*.61

2497.7@
2453.98
252K.74

2490.84

2505.88
2505.3f

2505.62

2555.99
2512.75

2534.37

2517.86
2474.3C

2496oCe

2555.99
2489.25
2508.43
2524.2•

2519.4';

i74.79
175.49
.70.63
177.43
169.39
17(. 7U
177. 14
176.21

174. 72

177.09
17 4@
176.12

175.82

177.40
175.51

17b. 4.

i79-78
178.;o5

179.17

176. 72
175.33

S1?6.33

179.78
179. 15

7115.50
Ic 7.j2

175.49

176.72

146.59
148.77
145,93
146.b4
146.98
149.4?
147.85
1 47.22

147 .46

149.79
149.01

149 *bd

148.22
151.10

149 . 66

150.97
i51910

151 f,3

154.48
154.45

154.47

152.64
152.16
153.05
152.29

152.53

i 5Z,9CP

31.52
40.4y
2).89
28.77
31.38
34.51
22 * +

29.06

36.10
38.55
38.46

37.7o

33.15
35.99

33.07

2'Z.41
23.15

22.78

38.49
41.36

39.42

23.73
23,27
?8.31
42.41

4729.7
7591.2
9465.4
4693.1
4752 -J
7459.3
9396.6
4745. J

6604.0

11711.6
10695.6
11676.3

11361.2

10716.8
10054 .8

10385.8

7722.2
7971.4

7846.8

11440.7
11511.9

11476.3

7100.2
6621.7
6350.2
6940.9

6753.2

AVE

18
2A

AVE

20
4D

AVE

1B
10
2E
SD

AVE

ID 2489.25 ? .4 b 6173.4



1.93(1.92) 3A 2520.31 171.56 152.60 46.76 8175.7
1.93(1.92) 3D 2520.74 17S.97 154.99 39.38 12364.4
1.93(1.93) 4A 25C 2.8C 170.04 154.*9 40.51 5165.0
1.93(1.93) 4B 2496.38 17(b.14 157.87 46.26 7891.8
1.93(1.93) 4D 2474.30 174.27 156.14 46.47 10196.7
1.93(1.97) 5C 2505.3e 173.o7 153.99 44.56 7914.8
1.93(1.93) 5D 2524.29 168.2-) 152.99 42.48 6489.1

AVE 2504.18 173.82 154.47 41.61 8046.4

1.96(1.96) is 2555.99 11.bl6 154.04 23.20 5894.6
1.96(1.96) iC 2439.eC 174.92 152.85 38.68 8707.7
1.96(1.95) 1D 24e9.25 177.3i 153.92 25.87 5715.9
1.96(1.96) 2A 2512.75 179.*b 154.b3 25.66 5433.2
1.96(1.96) 2C 2497.78 lbl.61 156.09 38.05 10303.0
1.96(1.95) 20 Z517.86 176.09 156.42 43.43 9496.3
1.96(1.96) 38 2513.31 116.18 158.0u 53.99 8502.0
1.96(1.97) 5B 2513.95 171.83 155.38 38.79 5011.9
1o96(1.94) 5D 2524.29 169.63 153.49 39.92 6197.7

AVE 2506.11 176.114 154.99 36.51 7251.4

1.98(1.99) iC 2439.80 175.50 153.u9 39.44 8393.6
1.98(1.98) 28 2453.49 161L.3b 157.59 36.3C 8837.4
1.98(1.97) 2E 2508.43 175.:0 154.89 31.76 5364.6
1.98(1.98) 3A 2520.31 168.43 155.1v 68.60 7192.71.98(1.98) 3B 2503.31 116.i 159.03 57.05 8315.2
1.98(1.99) 3C 2453.96 179.15 159.81 44.23 6309.9
1.98(1.98) 4A 2502.8C 171.14 15b.34. 42.81 4739.5
1.98(1.98) 48 2496.38 179.15 159.92 43.66 7122.6
1.98(1.99) 4C 2554.75 100.39 159.16 46.68 8179.4
1.98(1.98) 40 2474.3. 177.33 157.84 42.93 8641.0
1.98(2.00) 4E 2510.53 177.36 155.3L 29.67 5225.3
1.98(1.99) 5D 2524.29 173.J6 154.97 35.39 55Z2.6

AVE 2495.2C 176.13 157.02 43.46 6987.0

2.01(2.01) 2C 2425.3t 177.95 157.86 47.05 9497.4
2.C1(2.00) 20 2517.86 179.17 i58.05 4D.2g 8533.9
2.*1(2.01) 3A 2520.31 171.83 lb6.b9 51.25 7281.1
2.01(2.02) 3C 2428.C7 179.74 &l.o00 53.37 6281*4
2.C1(2.05) 3E 25C5.8e 075.5o 154.55 41.71 7653.8
2.01(2.05) 5C 25C5.3t 17G.00 156.84 66.73 7922.8

AVE 2483.81 175.7f 157.5k 50.67 7861.7

2,03(2902) 28 2402o99 163.8 7 159.09 32.44 8328.7



2.03(2.0.2) 30 2520.74 177.94 158.06 53.91 9183.7
2.(,3(2.03) 4A 2429.01 173.,6 158.60 42.38 4698.5
2.0312.04) 4E 2436.16 17e. 5 7 157.23 28.64 5100.9
2.0312 .05) 5B 2341.66 .74.73 15a.9/, 37.21 4808.4
2.03(2.10) 5C 2413.OE 172.14 158.8d 63.43 8187.6

AVE 2423o94 176.72 158.56 42 .5t 6718.0

2.C6(2.04) 30 25210.74 177.95 159.39 52.83 8980.1

AVE 252Co74 177.95 159.39 52.83 8980.1

2.08(2.07) 3E 2328.31 177.94 157.55 39.55 7920.2

AVE 2328.31 177.94 157.55 39.55 7920.Z

2.13 iC 231.e4 176.I1 158.84 46.54 8292.6
2.13 28 2402.99 183.-b4 163.18 38.60 6403.7
2.13 2C 2425.36 180.,33 16Z .43 53.21 7931.9
2.13 20 2415.24 l.b406 163.09 38.31 6386.2
2.13 3C 2428.07 179. a 1 165.10 63.54 6933.2
2.13 3D 2387.3! 184.10 162.87 43.17 8044.8
2.13 3E 2328.31 179.16 159.85 41.56 8036.4
2.13 4A 2429.01 173.76 163.19 57.52 4637.6
2.13 4D 2393.47 18(.39 163.08 46.23 7209.9
2.13 58 2341.66 173.36 102.47 55.50 4779.6
2.13 5C 2413.C8 176.12 159.65 51.33 8113.2

AVE 2389.40 179..L4 162.18 48.68 6979.0

2.29 10 2290.47 185.68 165.91 28.16 4571.8
2.29 2B 2273.78 i94.50 168.95 28.95 b684.5
2.29 2C 2263.57 18 7..L7 167.9l 44.41 8470.7
2.29 20 2240.65 189.61 168.8J. 35.29 6723.4
2.29 2E 2244.78 188.28 16b.i7 25.27 4417.2
2.29 3A 2318.50 178.oj 166.68 66.32 7452.9
2.29 3B 2324.61 i.89.54 169.b3 44.29 8113.7
2.29 3C 2341.1; £89.61 170.04 45.13 8143.6
2.29 30 2281.24 191.87 168.24 36.40 8514.8
2.29 3E 2237.99 186.8.0J 164.74 34o37 7690.0
2.29 4A 2282o94 182.22 168.55 41.05 4397.4
2.29 48 2313.38 192.66 170.51 33.98 6686.2
2.29 4D 2263.24 191 18 168..5 32.69 7104o4
2.29 5C 2296.19q l2.17 164.J7 44.48 7735.7
2.29 50 2235.67 i82.22 L6j.9 1 33.93 4621.8

AVE 2280055 18 7. 5G S217.72 38.31 6755.2



2.44
2.44
2.44

2.44
2 *44
2.44

2.44
2.44
2.44

2,*44

Ic
20
2E
38
3C
30
3E
48
40
58
5C

1955.97
1942.00
1905.80
1976.3C
1952.52
1965.96
1962o45
1996 9.1;
1959.38
1934.15
2022.43

1961.2r

168. 16
194. ij
188.99

g93,31
193.44
194. yii

192. 83
191.85
L85.d6
184.67

19iC* 73

160 b 38
173.87
171 .3A
171467
174.4k
173.04
169 .38
175.,t1
173 .6.L
172934
169.12

172.3z

32.27
30.42
26.16
39.54
38.30
34.72
32.53
37.02
34,85
34.78
43.95

34.96

7445.5
683492
4344.4
8459.0
8663.9
8708.7
7485.4
6841.6
7054.7
4388e3
749593

7065.5AVE

0



RUN 40Iil2E

INLET VAPOR TEMP a 233.1 DEG FMASS FLOW - .0460 LBM/!)rC

z
(IN)

ROD HIAT FLUX
LOCATi(jN {dTtuHR-SWFTJ

12
12
12

24
24
24

39
39
39
39

48
48
48

60
63
63
b0

1B
2A
4E

AVE

iC
3i
56

AVE

,i.B
Z A

4C
4E

214ý.13

Z13.12

32G.73
322.5b
30i -81

31b.37

128.01
525 . 8.
,32.8'.

541.03

526.93

618.5So
012.9o
012.09

813.C8
783.4t)
802.92

4ALL SURFACE TEMP
CUEG F)

253.o8
249.36
247.96

249.34

258.69
257.44
261.88

259.34

290.99
29).70
282.25
288. 81

VAP3R TEMP
(DEG F)

237.83
237.82
237.82

237.82

?41.64
242.77
243.07

242.49

252.84
252.80
25).73
252.82

TOTAL POWER -

4U /PQ**. 33

?6.73
28.90
34.4Q

30.01

42.0-7
55.36

26.2ý

41.23

21.69
21.75
44.27
?2.73

27.61

31.39
37.79
24.84

31.34

23.n8
21.43
47. 4 u

3.3k BTUISEC

KEYNOLuS NO.

5141.3
5146.9
51!)Z. 6

5146.9

8739.5
1C049.8

5178.4

7989.2

4937.1
4941.1

l1(31.9
4944.8

6238.7

8402.2
9Z86.5
48t.2.5

7513 . 7

4667.,4
4634.0
9544.8

AVE

I c
36
56

AVE

2A
*C1

288.18

305.00
336. 10
305.02

305.37

337.02
339.10
32,4. 58

263.16
267.48
267.24

265.96

Z85.13

285.22
285.41

AVE 799.82 333.56 295.28 6282.1



RUN 40102E

MASS FLOW . .0460 LBM/SEC INLET VAAUR TEMP - 233.0 DEG F

z
(IN)

ROD HEAT FLUX
LOCATION (BTU/HR-SCFT)

67
67
67
67
67
67
67
67

70
70
70

(6693)
(66.7)
(66.0)
(66.7)
(66.5)
(66.8)
(67.5)
(67.0)

(7004)
(69.2)
(710.1)

72 (71.4)
72 (74.0)

73 (73.0)
73 (73.3)

74 (74.5)
74 (73.9)

2A
28
2C
2E
4A
48
4C
4E

AVE

2C
3C
3D

AVE

3E
5C

AVE

18
2 A

AVE

2D
4D

AVE

I B
1D
2E
5D

796.44
777.65
791.69
795.06
793,28
791.24
809.74
795.73

793.86

791.69
777081
798.97

789.49

794.26
794.09

794.17

810.14
796.44

803.29

798.05

784.2'

791.15

81K .14
788.91
795006
800 .C9

798.57

WALL SLRFACE TEMP
(iE6 F)

346.62
347.88
339.13
351.37
336.90
3•G00b

350.66
349.1d

346. 5,ý

3G0.76

34).66

348.47

ý51.32
347.91

349.61

355060
353.40

VAPOR TEMP
tDtG F)

295.d7
299.79
294.68

29b.30
29o.56
301-v.'
298.13
297.00

297.42

301.62
300 .Z1
302.42

301.42

298.79

3N3.98

301.38

3C3.74
303.98

303.b6

310 .0 6

310*04

306.75
305o89
30o.49
3 &6.o11

3 Ob .76

36.10
38.55
38.46

37.70

30.15
35.99

33 .7

22.41
23.15

22.78

38.49
40.36

39.42

23.73
23.27
28.31
42.41

29943

TOTAL POWER

NU /PR**.33

22.80
31.52
40.49
20.89
28.77
31.38
34.51
22010

3.32 BTU/SE•

KEYNOLDS AU.

4729.7
7591.2
9465.4
4693.1
4752.0
7459.3
9396.6
4745.0

66,0490

11711.6
106951b
11676*3

11361o2

1071608
10054,8

10385.8

7722.2
7971.4

7846.d

11440.7
11!11.9

11476.3

7100.2
662107
6350.2
6940.9

6753.2

347.60

348.85

355.bo
3',4.46

347.,9u
333.59

75
75
75
75

(75.3)
(74.7)
(75.6)
(74.8)

AVE

76 (75o6) 1D 788.99 350. 2626.43 6173.4



76
76
76
76
76
76
76

77
77
77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
76
79

79
79
79
79
79
79

(75.6)
(75.6)
(76.0)
(75.9)
(76.0)

(77.6)
(75.8)

(77.3)
(77.1)
(76.8)
(77.3)
(77.1)
(76.8)
(77.1)
(77.4)
(76.5)

(78.4)
(77.8)
(77.7)
(78.1)
(78.1)
(78.2)
(77.8)
(78.1)
(78.4)
(78.1)
(78.6)
(78.3)

(79.1)
(78.7)
(79.2)
(79.4)
(78.6)
(80.8)

3A
3D
4A
4B
4D
5c
50

AVE

18
ic
1D
2A
2C
2D
38
56
5D

AVE

'C
28
2E
3A
3B
3C
4A
48
4C
40
4E
SD

798.83
798.97
793.28
791.24
784.25
794.09
80C.c9

793.72

810.1A
773.31
788.99
796.44
791.69
798.C5
793.44
796.81
800.09

794.32

773.31
777.65
795.06
798.83
793.44
777.81
793.28
791.24
8C 9.74
784.25
795.73
800.(C

790.87

768.74
798.0w
798.83
769.6C
794.26.
794.09

7f7.2t

34C. 81
355. 94
338.37
349.05
345. bd
344.01
3a4. 75

344.86

359.02
34:.86
351.14

a54.66
358. 9.i
348.9 7
349.12
341.29
337.34

349.70

347.90
3,'b.64
347. ,0
335.11
349.48
35 . 48
34C. a 5
354.4d
356. 10

31. 25
343. ;,7

352.32
354.50

3:5 . bc
347.90
338. wu

306.69
3 lt,.97
309.73
310.16
313.06
309.18
30,7.38

3 1N, .05

349.27
307.12
3 09.06
310.34
312.96
313.55
31o.52
311.b8
308.29

31U .98

309.00
31:).66
31U.dl
311.90
318.26
319.65
313.34
31,.86
318.5U
316.12
31.L.55
310.95

314.63

316.15
31b.49
314.05

310.19
314.31

315.50

46.7b
39.36
40.51
46.26
46.47
44.56
42.48

41.61

23.20
33.66
26.87
25.66
38.05
43.43
53.99
38.79
39.92

36.51

39.44
36.30
30.76
68.60
57.05
49.23
42.81
43.66
46.68
42.93
28.67
35.39

43.46

47 1!)
40.20
59.25

41.74

66.73

51.67

8175.7
12364.4

5165.0
7891.8

10196.7
7914.8
6489.1

8046.4

5894*.6
8707.7
5715.9
5433.2

10303.0
9496,1
8502.0
5011.9
6197.7

7251.4

8393.6
8837.4
5364.6
7192.7
8315.2
6309.9
4739.5
7122.6
8179.4
8641.0
5225.3
5522.6

6987.0

9497.4
8533.9
7281.1
6281.4
7653.8
7922.8

7861.7

AVE

2C
20
3A
3C
3E
5c

AVE

8C (79.7) 28 761.65 362R.7 310.37 32,44 8328o7



80 (79.6)
8C (79.8)
80 (80.4)
80 (80.7)
Bc (82.8)

81 (80.4)

82 (81.5)

30
4A
4E
58
5C

AVE

30

AVE

3E

AVE

84
84
84
84
84
84
84
84
84
84
84

90
90
9c
9C
90
90
9c
9C

90
9c
90

9C
90
9C

1C
28
2C
20
3C
30
3E
4 A
40
58
5C

798.97
769.89
772.1t
742.2(0
76 , 4eS

768928

798.97

798.97

737.97

737.97

734.97
761.(z5
768.74
765•53
769.6 6.
716 b S6
737,97
769.89
758.63
742. 2•,
764.84

757,34

725.98
721C .69
717.45
71C.1r9
711,5C
734.87
736.8K
742.0t
723.06
709.35
723.59
733.24
717.35
727.79
7C8.61

352.30
',3.50

353.42
346.51
341.85

35ý.09

352.32

3"2.32

3ý2.30

352.30

363,00
35b..,b
363.31
3:5,66
363. 39
3.;,4.4 9

.14.477
ý36. 70
3 43. 50
349.01

354.44

366.. )8
382. 10

373. U
370.,)0
353.51
373.35
373.30
317737
368.24
3: 9'. 99
37b. bO
376.1.2
359.91
360.00

317.bu
317.46

318,.1
317.99

317,41

318.91

318.91

31.)60

315.00

317.91
325.72
324.37
325.5o
3 29 *L8
325.17
319973
325.74
325.55
324.44
319.72

323e92

330.64

33oJ6
334,86

331943

337.70
338.07
334 84
328.53

335.39
33b.92
335.39
328,•Z
330.75

5).91
42.38
ZB64
37.21
63*43

42.50

52o83

52.83

39o55

39o55

4b.54
38.60
53.21
38.31
63.54
43.17
41. 56
57.52
46.23
55.5G
51.33

48.68

28.95
44041
35.29
25o27
66.3Z
44.29
45.13
36.4G
34*37
41.0-,
33.48
32.69
4434b
33.93

9183.7
4698*5
5100.9
4808,4
8187.6

6718.0

8980.1

8980.1

7920.2

7920.2

8292.6
6443.7
7931.9
6386.2
6933.2
8044.8
8036.4
4637.6
7209.9
4779.6
6113.2

6979.0

4571.8
6684,.
8470.7
6723.4
4417.2
7452.9
8113.7
8143.6
8514.8
7690.0
4397.4
6686.2
7104.4
773597
46ZI8

AVE

10
2B

20
2E
3A
3B
3C
3D
3E
4A
4B
4D
5c
5D

AVE 722.84 369. 49 333.89 38o31 675b.2



96
96
96
96
96
96
96
96
96
9t
96

ic
2D
2 E
38
3C
30
3E

4D

58
5 c

619.96
615.53
6C4,06

626.4 1C
618.8t
623.13
622.01
632.71

613.C,4
641.02

621962

371.77
3bZ.IL
372-1 b
379.9b
3bo.i8
38j. 54

373.30
379. D9
377.32
36t. 5.
364.4J

375,31

335.08
344o97
34U . 37
346 .4U
345,95
343.48
33b *8 8
347.73
344 .5U
342.20
336.42

342*.lb

32.27
33.42
26*16
39.54
38 . 3
34.72
32.53
37.02
34.85
34.78
43 .95

34.96

7445.5
6834.2
4344.4
8459.0
8663.9
8708.7
748594
6841.6
7054.7
438893
7495.3

7065.5AVE

I,



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41002F

Test Date: 6/19/81

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 6629

(See following pages for additional results.)

C. Comments:

0.1410 MPa (20.45 psia)

N/A

0.0741 kw/m (0.0226 kw/ft)

0.0207 kg/sec (0.0456 lb/sec)

112.0°C (233.6 0 F)

N/A

N/A

The power and flow were reduced approximately 39 percent to provide data at a

lower Reynolds number.

K-226



4ASS FLOW

z
(M)

.30
.3D

.61

.99

.99
, ~99

- .t). 7 KG/SEt,

ROD
LUC ATiUN

4C

AVE

3E

AVE

18

4A-

AVE

IC

iýE

3E

AVE

eA

AVE

RUN 41002F

INLEtr vUPR TEMP a 112.2 DEG

HEAT FLUX 4 ALL SURFACE TEMP VA•OR TEMP
(WAII/WM) (UEG C) (DEG C)

to9.IU 122.94 114.91
6zb.8? 123.95 114.99

o4b.99 123.45 114.95

Y,0.0O8 127.94 117.13

940.08 127.94 117.13

1629.5? 144.52 123.27
iD46.93 146.81 1? 3.2 4
1656.83 i4 . s7 1?3.22

.L 1 1144.27 1 ?3.2 4

1805.96 152.28 128.99
1 7z. 2/ 152.56 130.85
ib6.4Ib 152.26 130.95
IJ39.21 148.01 1?9.01

1859.39 151.28 19.95

EZ95.o 169.93 141.09
3.7. 173.06 141.19

2451.71 161.44 141.e23

26.4168.15 141.17

TOTAL POwER

NU /PR**.33

37.20
"n.13

28.67

34.14

34.14

21.14

39.06

26.08

29.93
36.15
?1.5j

36.37

31 . ,

•0. 66
19.02
31.87

233.8

3.42 KW

kEYNCLUS NO.

104G6 . 2
5033.5

7719.9

8567.5

8567.5

4847.2
4834.4
9939.2

6540.3

8253.6
9597.9
4822.9
8306.4

774t5.2

4584.6
4539.8
4638.2

4587.5

I)

1.22
1.22
1.22
I.22

1.52
1.52
1.52



RUN 41002F

INLET VAPOR TEMP a 112.2 DEG CMASS FLOW a .0207 KG/SEC TOTAL POWER a 3.42 KW

00j

z
(M)

1.70(1.67)
1.70(1.70)
1.70(1.70)
1.70(1.70)
1.70(1.70)

1.78(1.77)
1.78(1.78)

1.80(1.80)

1.88(1.87)

1.91(1.90)
1.91(1.89)
1.91(1.90)
1.91(1.89)

1.93(1.93)
1.93(1.94)
1.93(1.94)
1.93(1.92)
1.93(1.94)
1.93(1.93)

1.96(1.95)
1.96(1.95)
1.96(1.95)

2A
2B
48
5C
50

AVE

3C
4E

AVE

3D

AVE

40

AVE

lB
10
ZD

40

AVE

1D
2E
48
40
5C
5D

AVE

1B
ID
2A

2'.27.56
2448.44
2443.51
2455.60
2437.87

2442.6u

2471.34
2456.16

2463.75

2510.67

i510.67

2438.CO

2438.CO

2468.86
2452.13
k429.90
Z438*CO

2447.22

2452.13
2473.02
2443.51
2438*C0
2455.00
2437.87

2450.02

2468.86
2S52.13
2427.56

ROD HEAT FLUX
LOCATION (WATT/SQM)

WALL SURFACE TEMP
(DEG C)

176.67
178.01
185.20
169.94
171.84

176.33

177.33
176.11

176.72

179.14

179.14

177.85

177.85

175.86
175.53
173.79
175.17

175.09

173.06
168.78
180.33
174.89
169.39
171.22

172.94

178.56
173.16
180.98

VAPOR TEMP
(DEG C)

146.50
149.18
150.22
144.90
147.99

147.76

149.72
150.45

150.09

151.34

151.34

154.85

154.85

152.80
152.58
154. 96
155.39

153.93

153.56
153.67
159.44
156.30
154.07
154.03

155.18

154.13
154.43
154.62

NU /PR*4.33

20.55
29.04
23.62
34.97
26.23

26.88

35.33
24.33

29.83

35.47

35.47

35.98

35.98

27.13
27.09
44.05
41.96

35.06

31.97
41.83
39.31
44.6%,
56.46
36.1 c

41.71

25.46
33.23
23.12

REYNOLDS NO.

4583.1
7478.6
7309.4
7551.8
4494.7

6283.5

11166.8
6516.5

8841.6

12434.0

12434.0

12875.4

12875.4

0299.5
7468.5

12738.5
12834.9

10335.3

6548.8
6164.8
7625.4

11661.1
8703.7
6876.7

7930.1

6586.2
5994.5
5499.1



1.96(1.96) 2B Z448.44 181.59 157.50 34.20 9099.4
1.96(1.95) 20 2429.90 173.67 156.71 48.81 9654.0
1.96(1.95) 38 E46C.33 181.6c 158.27 40.90 8249.2
1.96(1.96) 58 i475.28 175.50 155.90 31.89 5152.1

AVE 2451.79 177.86 155.94 33.94 7176.4

1.98(1.97) IC 2434.11 173.69 154.20 43.73 8963.9
1098(1.98) 2A 2427.56 182.26 155.79 22.94 5138.6
1.98(1.98) 28 2148.44 182.22 158.14 34.15 8716.0
1.98(1.98) 3A 2437.8b 180.39 156.04 34.65 6653.7
1.98(1.97) 4A 2465.09 185.89 156.76 21.04 4646.2
1098(1.99) 48 2443.51 182.83 160.85 37.17 6939.8
1.98(1.99) 4C i545.93 179.17 160.09 51.80 7848.6
1.98(1.97) 4D 2438.CO 174.88 158.14 49.40 9258.5
1.98(1.99) 4E 2450.10 176.11 155.63 30.26 5441.8
1098(1.99) 5C 2455.60 172.46 155.77 51.50 7824.7
1.98(1.99) 5D 2437.E7 175.50 155.84 31.30 5778.5

AVE 2453.65 178.67 157.02 37.09 7019.1

2.01(2.00) 18 2468.8b 181.00 155.74 24.50 5855.9
2.01(2.00) Ic 2434.11 174.30 155.08 44.25 8727.4
2.01(2.00) 2C 2422.17 181.62 158.23 41.16 9396.9
2.01(2.00) 2D 2429.90 177.40 158.40 43.23 8354.6
2.01(1.99) 2E 2473.02 170.01 155.59 43.67 5223.3
2.01(2.00) 3A 24C5.72 182.83 157.05 32.14 6774.1
2.01(2.00) 38 2460.33 184.69 160.21 38.70 7739.7
2.D1(2.02) 30 251G.67 179.35 159.21 48.44 8449.8
2.31(2.01) 48 2443.51 184.05 161.30 35.82 6863.7
2.01(2.01) 5B i475.28 175.08 157.98 36.45 4841.4
2.01(2.01) 5C 2455.60 174.29 156.67 48.6. 7787.4

AVE 2452.65 178.60 157.77 39.63 7274.0

2.03(2.03) 18 i468.86 181.75 156.73 24.67 5647.8
2.03(2.03) IC 2351.90 174.89 156.03 43.49 8625.7
2.33(2.03) 28 2360.3Z 185.28 159.73 30.83 8245.3
2.03(2.03) 20 Z41t.63 178.57 159.24 42.14 e070.7
2.03(2.02) 3C 2425.58 182.66 162.39 46.08 5307.9
2.03(2.04) 3D 203.08( 180.39 16n,20 46.13 8217.C
2.03(2.02) 4A i•ce.53 187.78 159.06 lq.87 455C.8
2.03(2.03) 4E 2358.27 176.53 157.53 31.23 5275.3

AVE 2386.74 180.98 158.86 35.5) 6742.6

2.06(2.0J•) 3E 2324.60 173.13 157.13 5P.72 7520.6



AVE 2324.6J 173,.13 157.13 50.72 7520.6

2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29

2.44
2o44
2.44
2o44
2.44
2.44
2.44
2.44
2.44
2.44
2.44
2.44

'C
28
2D
3C
3D
3E
4A
4D
5B
50

AVE

1D
28
2C
2D
2E
3A
38
3C
3D
4A
48
4D
58
5C

2351.90
2360.32
24it.63
2425.58
2403.86
2324.60
2308.53
2424.49
2352.41
2342.98

2371.13

2198.21
2126.78
£221 .3.
2169.71
2202.74
2154.49
2232.77
2276.47
2217.33
2262.74
2207.9ti
23C5.81
2217.69
2152.38

221C.45

1912.94
1921Z .4
1893.52
1893.43
1924.68
214.25
1931.32
1902.36
1970.81
1970.e3
1968.22
1929o83

177.95
186.08
184.67
182.84
183 . 57
176.11
185.89
179.78
175.71
178.62

181.12

184.65
197.55
191.04
191.45
183.44
193.28
198.78
194.50
194.50
193.28
196.94
192.68
185 o 58
185.61

191.66

187.20
193.48
193.28
187.73
196.93
195.15
186 . 19
193 . 91
197. 54
193.93
187.45
187.34

159.43
163.20
163.34
166. L% 1
163.62
160.(13
163.69
164.02
163.04
161.74

162.81

166.31
168.83
168.31
168.96
166.25
167.33
169.87
170.76
168.90
168.93
170.47
169.55
167.91
165.94

168.45

169.30
173.10
173.83
170.78
174.98
173.48
169.55
173.84
175.22
174.57
172.65
170.69

43.90
34.23
37.66
55.20
46.26
50.04
25.60
51.43
46.44
34.60

42.53

29.47
24.00
36.56
31.82
31.53
27.8R
28.8c
35.92
32.52
22.49
27.00
32.49
30.75
37.09

30.59

35.98
35.25
31.52
27.16
32.4b
34.64
39.13

22.77
28.37
32.9Q
32.61
3S.93

8267.9
6412.3
6232.7
6691.6
7708.6
7852.0
4480.2
7068.0
4718.3
4983.9

6441.5

4588.6
6673.9
8309.4
6575.9
4415.7
7108.2
7947.5
7925.7
8192.2
4274.9
6643.6
6924.8
4473.4
7534.4

6542.0

7299.4
85C3.6
6719.1
4323.4
8473.5
8461.5
7324.5
4229.4
6764.5
6907.1
4369.1
7309.5

0

AVE

'C
2C
2D
2E
3C
3D
3E
4A
4D
40
58
5C

AVE 1937,51 191.68 172.67 32.64 6723.7



4SS FLOW

z
IIN)

12
12

24

39
39
39

=.r)456 LBhISdEL I

ROD HEAT FLUX
LOCATihi.. (oTuJHX-SwFT)

'tC 212.Od
4E 199.33

AVE dU5.7v

3E 297.9o

AVE 297. 9 o

Lo

--

48
48
48
48

60
60
63

Id
2A
41C

AVE

'C

2E
.iE

AVE

I d
ZA

AVE

490.3i

5io.b5

'91.43
593.4i

P82.95

589.3i

727.44
743.09
777.u9

7 49.- e

RUN 410!•_F

LET VAPOR TEMP - 234.1) DEG r

4AAL SURFACE TErIP VAPOR TEMP
(WEG f) (DE$ F)

253.30 238.84

255.11 238.98

254.20 238.91

262.30 742.83

262.30 24•.83

292.14 253.88
296.26 253.84
286.65 253.8m

291.69 253.84

336.10 264.18
3b6.bZ 267.53
30b.08 267.71
298.42 264.22

3'4.30 255.91

337.88 ?85.96
343. 51 236.15
322.6u 286.22

334.66 ?86.11

TOTAL POwE2 a

NU /PR**.33

37. 26
2n.13

28.67

34.14

34.1,t

71.14
18.04
39.00

26.f•8

2Q.9 3
36.15
23.5,
36.317

31.50

19.04
31.87

23.8-

3.24 BTUISEL

REYNOLUS NU.

.iC4Ob .2
5033.5

7719.9

8567.5

8567.5

4847.2
4834.4
9939.2

t540 .3

8253.6
9!o97.9
4822.9
83L b .4

7745.2

4584.6
4539.8
4638.2

4587.5



N)::
N)

RUN 41002F

MASS FLOW - .0456 LBM/SEC INLET VAPOR TEMP a 234.0 DEG F

Z ROO HEAT FLUX WALL SURFACE TEMP VAPOR TEMP
(IN) LOCATION (8TL/HR-SQIT) (DEG F) (DEG F)

67 (65.7) 2A 769.43 350.00 295.70
67 (66.8) 2B 776.C5 352.42 300.52
67 (67.1) 48 774.49 365.37 302.40
67 (67.1) 5C 778.32 337.89 292.83
67 (66b9) 50 772.70 341.31 298.39

AVE 774.20 349.40 297.97

70 (69.5) 3C 783.31 351.20 301.50
70 (70.0) 4.E 778.50 349.00 302.82

AVE 780.90 353.10 302.16

71 (70.7) 3D 795.77 354.46 304.41

AVE 795.77 354.46 304.41

74 (73.6) 4D 772.74 352.13 310.74

AVE 772.74 352.13 310.74

75 (74.7) 18 782.52 348.55 307.03
75 (74.5) 10 177.22 347.95 306.64
75 (74.7) 20 77,0o17 344.82 310.93
75 (74.4) 4D 772.74 347.30 311.70

AVE 775.67 347.16 309.08

76 (75.8) 10 777.22 343.50 308.42
76 (76.4) 2E 783.84 335.80 308.6A
76 (76.2) 48 774.49 356.60 318.99
76 (75.5) 4D 772.74 346.81 313.34
76 (76.2) 5C 778.32 336.90 309.32
76 (75.9) 5D 772.70 340.20 309.25

AVE 77t.55 343.30 311.32

77 (76.9) 18 782.52 353.41 309.43
77 (76.8) 1D 777.22 343.69 309.98
77 (76.9) ZA 7t9.43 357.76 310.32

TOTAL POhER

NU /PR**.33

20.55
29.04
23.62
34.97
26.23

26.88

35.33
24.33

29.83

35.47

35.47

35.98

35.98

27.13
27.09
44.05
41.96

35.06

31.97
41.83
39.31
44.60
56.46
36.1C

41.71

25.46
33.23
23.12

3.24 8TU/SEC

REYNOLDS NO.

4583.1
7478.6
7309.4
7551.8
4494.7

6283.5

11166.8
6516.5

8841.6

12434.0

12434.0

12875.4

12875.4

8299.5
7468*5

12738.5
12834.9

1C335.3

6548.8
6164.8
7625.4

11661.1
87C3.7
6876.7

793C.1

C586.2
5994.5
5499.1



77
77
77
77

78
78
78
78
78
78
78
78
78
78
78

79
79
79
79
79
79
79
79
79
79
79

80
80
8o
80
8o
80
80
80

(77.2)
(76.9)
(76.7)
(77.0)

(7797)
(78.0)
(78.0)
(78.0)
(77.7)
(78.4)
(78.2)
(77.5)
(78.3)
(78.3)
(78.2)

(78.9)
(78.8)
(78.6)
(78.9)
(78.5)
(78.9)
(78.9)
(79.5)
(79.0)
(79.1)
(79.3)

(80.0)
(80.0)
(80.1)
(79.9)
(79.6)
(80.5)
(79.7)
(80.1)

28
2D
3B
5B

AVE

IC
2A
28
3A
4A
48
4C
40
4E
5C
5D

AVE

I-

18
IC
2C
ZD
2E
3A
38
3D
48
58
5C

776.05
776.17
779.82
784' 56

177.11

771,51
769.43
776.05
772.73
781.33
774.49
806.95
772.74
778.50
778.32
772.70

777.70

782.52
771.51
767.73
77*.17
783.84
762.51
779.82
795.77
?74.49
784.56
778,32

777.39

782.52
745.45
748.12
765.97
768o80
761.92
731.71
747.47

756.50

358.85
344.60
358.88
347.90

352.16

344.64
360.08
360.00
356.70
366.60
361.09
354.50
346.79
349.00
342.42
347.90

353.61

357.80
345.74
358.91
351.32
338.01
361.10
364.44
354.83
363.30
347.15
345.72

353.48

359.15
346.80
365.50
353.42
360.79
356.70
370.00
349.75

357.76

315.51
314.09
316.89
312.63

312.69

309. 56
312.42
316.66
312.88
314.18
321.53
320.16
316.65
312.13
312.38
312.50

314.64

312.33
311.15
316.81
317.12
312.07
314.70
320.38
318.58
322.34
316.36
314.01

315.99

314.12
312.85
319.51
318.63
324.31
320.36
318.31
315.55

317.Q5

314.84

34.20
48.81
40.9U
31.89

33.94

43.73
22.94
34.15
34.65
21.04
37.17
51 * 80
4q,4C
30.2b
51.50
31.30

37.09

24.50
44.25
40.16
43.23
43.67
32.14
38.7C
48.44
35.82
36.45
48.6C

39.63

24.67
43.49
30.03
42.14
46.n8
46.13
19.87
31.23

35.55

9099.4
9654.0
8249.2
5152.1

7176.4

8963.9
5138.6
8716.0
C653.7
4646.2
6939.8
7848.6
9258.5
5441.8
7824.7
5778.5

7019.1

5855.9
8727.4
9396.9
8354.6
52k3.3
6774.1
7739.7
8449.8
6863.7
4841.4
7787.4

7274.0

5647.8
8625.7
8245.3
8070.7
5307.9
8217.0
4550.8
5275°3

6742.6

7520.6

AVE

1B
IC

28
2D
3C
3D
4A
4E

AVE

81 (80.9) 3E 73t.80 343.63



AVE 736. eO 343.63 314.94

84
84
84
84
84
84
84
84
84
84

90
90
90
90
90
90
90
90
90
90
90
90
90
90

96
96
96
96
96
96
96
96
96
96
96
96

1C
28
20
3C
3D
3E
4A
4D
58
5D

AVE

10
28
2C
20
2E
3A
38
3C
3D
4A
48
4D
58
5C

745.45
748.12
765.97
768.80
761.92
736.80
731.71
768.46
7,45.61
742.62

751.55

696.74
674.10
697.72
694.04
698.17
682.88
707.69
721.54
702.80
717.19
699.81
73(.84
702.91
682o21

7009.62

6Clo32
6WS .17
6CO.17
6C.*14
6c8.77
638.43
612.15
6&2.97
624.t6
624.67
63t.18
611.67

352.31
36o.94
364.40
361.11
362.43
349.00
366.60
355.60
348.27
353.52

358.02

364.37
387.60
375.87
376.61
362.20
379.90
389.80
382.1C
382.10
379.90
386.49
378.83
366.04
366.10

376.99

368.96
380.26
379.90
369.92
386.48
383.28
367.14
381.03
387.56
381 07
369.41
369.21

318.98
325.76
326.01
330.81
326.52
320.06
326.64
327.23
325.47
323.13

325.06

331o37
335.90
334.95
336.13
331.24
333.20
337.77
339.37
336.02
336.07
338.85
337.19
334.24
330.70

335.21

336.75
343.57
344.89
339.40
346.96
344.26
337.20
344.92
347.40
346. 22
342.77
339.23

43.90
34.23
37.66
55.20
46.26
50.04
25.60
51.43
46.40
34.60

42.53

29.47
2400C
36.56
31.82
31*53
27.8S
20.8Q

35.92
32.5Z
22.49
27.00
32.49
30.75
37.09

30.59

35.98
35.25
31.52
27.16
32.46
34.64
39.13
22.77
28.37
32.90
32.61
38.93

75Z0.6

8267.9
6412.3
6232.7
6691.6
7708.6
7852.0
4480.2
7068.0
4718.3
4983.9

6441.5

4588.6
6673.9
8309.4
6575.9
4415.7
7108.2
7947.5
7925.7
8192.2
4274.9
6643.6
6924*8
4473.4
7534.4

6542.0

7299.4
8503.6
6719.1
4323.4
8473.5
8461.5
7324.5
4229.4
6764.5
69C7.1
4369.1
7309.5

AVE

'C
2C
20

2E
3C
3D
3E
4A
4B
40
58
5C

AVE 614.11 377.02 342.80 32.64 6723.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44303A

Test Date: 5/13/80

Test Type: Steam Cooling

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 11590

(See following pages for additional results.)

C. Comments:

0.143 MPa (20.8 psia)

N/A

0.131 kw/m (0.040 kw/ft)

0.034 kg/sec (0.076 lb/sec)

114 0 C (238 0 F)

N/A

N/A

K-235



RUN 443034

INLET VAPOR TEAP - 114.4 DEGMASS FLOW a .03',5 KGISL.

z
(m)

.3Ct
.30
.30
.30

.61

.b1

.61
.61

kOD HEAT FLUX
LUCATiuri iATTISwM)

LA
ItA
ý4L
4E

AVE

A.8

IC
(t D

58

AVE

2A
4A
4C

.99
.,99
.99

I.16.52
ii2j. 46
i.18.17
±ii22.89

1120.76

ib0 .40
1690.83
1716b .!)b
1i75.7i

17.b6. 13

2938.77
Z867.69

zbtog.0.?

3483.57
3397.i't

3402.,82

z4?7.87

4234.35
4.2 3 (. 3 3.
4262.71
44 1. .7

4ALL SURFACE TE.IP
(uEG C)

126 . 49
125.45
12"t 4 11
124. 85

1,5 . 23

133.67
131 . 89
13i . 83
129.63

NJ

C-,

VAPOR TEMP
(DOF{ C)

117.44
117.45
117.40
117.45

117.44

12M.51
119.75
120.89
12').52

AVE

1.22
1.22
1.22
L .22

I.52
1.52
1.5z
1.52

113Ia
IC

58

AVE

2-A
4A
4C
4 E

131.76

146. 88
146.19
142.22

145. 10

158. 41
1bO . 28
159.81
156.12

158.66

167 . 55
168.26
164.54
l1b • 96

TOTAL POWER a

N4( IPR**.33

35.12
40.14
74.01
43.31

48.15

36.27
54.1,,
59.

4.L
53.17

50.75

3R.99
39.44
75.18

51.22

39.06
45.27
51.84
43.04

44.80

53.1t
50.89
93.,2?
52.35

REYNULDS NJ.

8503.3
8515.5

16 9 62 .2
8522.9

1C610.9

8490.1
14125.0
12741.2

b538.2

40973.6

8182.6
8168.7

16137.9

C8 29.7

8074.4
13495.0
±Z229.1

7945.4

1C4550.9

8477.2
7C,44.2

129g 3.1
78L2.7

6.J9 KW

126.27
1?6.31
1?6.28

126.29

134.68
13?. 72
136.21
135.03

134.66

145.71
146.81
146. OQ
146.13

AVE qV35.23 166.83 146.18 61.6b 9%'71.8



4KUN 44303A

INLET VAPujm Tcme a 114.4 DEG CMASS FLOW - .0345 KG/SEC T3TAL POWEk

NU /PR**933

6.U9 KW

z
(m)

ROD
L 0CAT ION

HEAT FLUX
(WATT/SCM)

wALL 4UK-ACE,
IUL~G C)

TEMP VAPOK TEIP
(L)EG L)

REYNOLDS NO.

"-.I

1.70(1.72)
1o7C(C172)
1.70(1.72)
1.97(1.72)

1.78(1.80)
1.78(1.81)
1.78(1 .78)
1.78(1.81)
1.78C1.78)
1.78(1.801

1.80(1.85)
1.8C(1.83)
1,8C (1.80)

1.80(1.83)
1.80(1.82)
1.80C1.82)
1980(1 82)

1,83(1.85)
1.83(1.86)
1.83(1o83)
1.83(1.86)
1.83(l .85)
1.83(1.86)
1.83(1.84)
1983(1.82)

1088(1.93)
1088(1.91)
1,88(1.89)

AVE

18
1C
2D
3C
4D
58

AVE

1D
2C
20
3C
3E
48
5D

IF

13
ic
2D
38
3C
30
58
5c

2A
4A
4C
4E

4437.12
442 8.0!
4396.51
4376.13

4409947

4502.33
4416.8C
4533.45
4442.47
4551o42
4364.65

4468.52

4502.83
4504.5f
4533.45
4442.47
4429.39
4433.75
4444.83

4470.17

4502.33
4416.6C
4533.45
4591.17
4442.47
4593.87
4364.65
4474.42

4489 .9r

4502.83
4504,5C
4533.45

179.81
lb "..2z1
184. 02
179.19

182.22

18 2.3
I bb. Lb

167.25
lb 7. 17
lb7.82
181.98

i85 55

1b2.24
189.73
187.77

b189l.
167. 19
188.97
18 1. 5 7

i e0. 13

182.83
i8b. 16
107.42

9b6.34
l';O.b3
194oj7

lbS. 9
lbl.22

lob. b.

193.80
191. 09

152.85
154.(8
154.38
153.28

153.80

155.61
152.91
157.72
157.3J

D8o857
1 5 7 .Li4

156.52

157.85
157.55
15o .56
158.33
153.b1
101.21
157.42

157830

157.61
154.78
159.93
16,0.*22
159.36
159.44
158.99
154.12

158.06

160.98
16u.71
162.5t

41.46
36.11
56.43
42.56

44,,14

42.14
45.76
51.23
56.12
51.81
43.70

48.4b

46.04
53.72
51,70
54.46
45.4,4
52.92
45.96

5).13

44.51
45*37
54.85
48.1b
53.96
51.48
41.32
57.21

49.48

43.34
51.62
51.27

7685.4
7114.1

13786.7
7526.8

9028.2

7690.1
12929.6
11641.9
14501.8
11186.0

7378,7

14888.4

7582.3
14747.4
11631.8
14447.0
12489.5
11081.2

7385.6

11345.0

7616.9
12790.9
11631.5
14079.4
14499,3
14197.5

7324.9
12518.1

11832.3

7459.3
14591.7
11548.0

AVE

1D
2C
2D



1,88(1.84) 2E 431C.7l Z6 157.81 38.98 7419.0
1.88(1.92) 38 4591.17 19t.88 L64.37 51.23 14104.0
1088(1.90) 3C 4442.47 L93.30 16141 52.91 14490.7
1.88(1.92) 3D 4593.87 !95. Zo 161 b9 51.84 14203.9
1.88(,689) 3E 4429.39 BB8.3i 156.66 47.73 12396.1
1.88(1.90) 48 4433,75 I.lob8 164.#4 53o15 11145,1
1.88(1*87) 5C 4474o42 182.47 156.i7 58.69 12451.1
1.88(1090) 50 4444ee3 ib4.88 1bo.70 45.51 7314.4

AVE 4478.31 191ý.v5 16#.50 49.57 11556.7

1.91(1.96) 1D 45(2.83 1b7.79 102o20 43.29 7420.6
1.91(1.94) 2C 4504.5C 195..a1 lol.94 51.42 14539.8
1091(1.91) 2D 4533.45 1.92.6i. 163.19 53.66 11528.6
1991(1.93) 3C 4442.47 19 4.J 16i .1 52.75 14484.1
1.91(1.93) 3E 4429.39 187.21 157.92 51.69 12386.6
1.91(1.93) 4B 4433.75 194.71 165.74 33.83 11161.0
1.91(1.93) 5D 4444.83 i 6 .J1 iblob4 45.37 7291.0

AVE 4470.17 i9c.85 162.21 49.86 11258.8

1o93(1.95) 2A 4437.12 &b7. Lt 162.28 43.94 7341.1
1.93(1.92) 28 4291.55 19IC.Oj 163.o3 51.93 11614.7
1.93(1.93) 2D 4533.45 193.28 163.93 50.68 11511.5
1.93(1.89) 2E 4310.78 189.01 159.84 36.41 7348.9
1.93(1.96) 38 4591.17 197.57 164.21 51.77 14109.2
1.93(1.96) 3C 4442.47 195.7i 163.55 52.14 14471.0
1.93(1.96) 3D 4593.67 197.37 163.54 51.15 14177.6
1.93(1.95) 44 44289C5 1Y0.75 163.90 40.32 71Z6.1
1.93(1.95) 4E 4376.13 1u9.27 162.44 41.04 725.08
1.93(1.95) 4C 4396.58 193.16 163°7U 55.53 14o77.7

AVE 444C.12 192.41 163.10 47.49 10906.5

1996(2.00) 1D 45Pt2.83 ld9.ol 164#,03 43.19 7364.8
1.96(1.99) 2C 45C4.5C 197.*5 lt3.88 53.35 14449.6
1096(1.95) 2D 4533.45 194.54 164.87 49.9b 1i482.7
1.96(1.98) 3C 4442.47 19t.94 164.47 51.48 14454.8
1*96(1.97) 3E 4429.;3 187.97 159.67 53.31 L2335.9
1.96(1.98) 48 4433.75 195.a9 167.61 51.37 11147.8
1.96(1.97) 50 4444.83 Lbb.29 163.o79 44.51 7249.1

AVE 4470.17 192.94 164.O4 4ý.16 11212.1

1.98(2.01) 30 4593.e7 199.39 165.67 51.02 14145.3
1.98(2.00) 2A 4437.12 1'vY.78 1640.5 41.01 7268.5
1.98(1.98) 2D 4533.45 IY5.?2 166.12 49.93 L1450.8



1.98(2.11) 38 4591.17 19q.941 166.33 51.37 14074.2
1098(2.00) 3C 4442.47 i98.71 165.48 5).14 14425.6
1.98(2.01) 4A 4428.0! l1,2. 34 166.#5 40.96 7111.9
1.98(2.030) 4,E 4376.13 192.j 7 164.60 38.84 7234.1
1.98(2.00) 4C 4396.58 194. i6 1b5.85 57.72 14088.5

AVE 4474.66 195.44 165.55 47o57 11224.9

2,13 18 4088.05 189.37 169.44 49.85 7724.1
2.13 1C 4027. C1 18.62 165.,4z '58.6Z 13432.9
2.13 28 4352.*E5 id7.78 171.82 83.01 9915.7
2. 13 2E 4121.44 1b4.66 1 7N. )7 68.94 7245.3
2.13 3A 4003.3b ib8. j7 167.15 64.53 12115.9
2.13 3B 4113.03 1 97. o7 17w.77 58.34 11746.8
2.13 3 D 4141.14 19b. 4 7 17N.1b 57.67 12334.)
2.13 40 4219.bL 1b9.97 1 7e . :5 78.88 10958.0
2.13 58 4026.71 •c7.-7 17j. .94 63.40 7688.9

AVE 4-188.14 189.97 i69.81 64.47 10351.2

2.29 10 3824.87 198. 1b 17it.?-b 38.15 7393.6
2.29 2C 3837.27 2 3°.06 175.82 51.77 13041.1
2.29 2E 4079.94 19 .. 19 174.76 59.86 7186.8
2.29 3A 4005.99 198. 75 172.68 50.69 11811.3
2.29 38 4042.410 z.. 6, 0 9 177..0 49.69 12370.8
2..9 30 3877.49 Z,.4983 17b.37 49.92 12850.4
2o29 3 E 38b7.07 L9G. 63 147± 4 967.16 12378.0
2.29 48 3874.94 1-2,1. 26 176.92 55.L7 lu505.4
2Z.9 5C 3965,9C 189.55 171.78 74.60 12825.8
2,29 5D 3909.44 195.72 175.J3 45.18 7494.7

AVE 3930.53 198.03 174.83 54.21 i0781.8

2.44 3D 3371.5C Z',1.83 181.61 61.91 13381.1
2.44 14 3236,C5 198.95 178.12 37.88 7187.7
2.44 iC 3221.61 196.Ob A.75,.,Z 51.67 .2293,9
2.44 2E 3244.7t 1v 7.98 179.37 41.32 7058.8
2.44 3B 3365.95 2t;oc..3 182.52 46.96 12996.5
2.44 4D 3276.4C Z33.4o 18.3*6 5).57 10948.3
2.44 53 3309,23 196.,6 1I &C; 5 49.09 7206.9
2,44 5C 3302o73 192.90 176.63 67.38 12368.6

AVE 329)1.C3 179.b8 51.69 1043(,.2



RUN 44303A

M$SS FLOW - .u7bO LB•lztC INLET VAPOR TEMP , 238.0 DEG F

z
(IrlI)

12
12
12
12

24
24
24
24

R U)D HEAT iLLUX
LOLATILU (dIUIHR-SwF1)

2A
4 A

4E

AVE

±C

4 D

58

AVE

2A
4 A
4C

AVE

Is

.LC
4U
58

0sQ

39
34
39

48
48
48
48

60
6D

6)

353.89
356.7Z

3,4.41
i ý5 . 9a.&

355.23

539.27
j35.92

543.84

.740.77

931. b

909.37

1104..b
•i•7.75
1086.i±
it. b. 52)

ltibb6.49

1342. 11
£440 . 824
i351.*J
1335.49

,ALL SURFACE TEMP
(DEG F)

259. b9
257. -8
255.40
25!).73

25?.41

272.60
2o9.41
2b9. 30
265.34

269.16

296.39
295.14
288 . 00

293. 17

317 * £3
321. 51.
319. b6
313.02

317.58

333 . 60
33,t. 87
328 . 18
332. 53

VAPOR TEMP
(DEG F)

243.40
243.42
?43.33
243.42

243.39

? 4 1. 9')
247.55
249.59
248.94

248.75

259.28
259.35
25Q.31

259.31

274.42
270.Rq
277.18
275.05

?74.39

?94.29
296.25
294.97
295.13

TOTAL POwER

NUl /PR**.33

35.12
40.14
74.01
43.3.L

48.15

36.27
54.14
59.41
53.17

5f.7j

38.99
39 ,4
75.18

51.22

39.0t
45.27
r1.84
43.04

44.8%.

51.16
50.89
93.25
52.35

,.77 BTU/SEC

kEYNOLDS NO.

8503.3
b515.5

169C2 .2
b522.9

10610.9

849%.1
141Z5.0
12741.2

8538.2

10973.6

8182.6
8168.7

16137.9

£0829.7

8074.4
13495.0
12289.1

7945-4

.0453.9

8477.2
7044.2

12903.1
7862.7

AVE

2 A
4 A

4C
,# E

AVE E1442. 39 332 . 30 295.13 61 .6t, 9071.8



RUM '4403A

INLET VAPUk TcmP w 238.0 DEG FMASS FLOW m .0760 L8M/SEC

z
(IN)

ROD HEAT FLUX
LOCATION (BTU./HR-SCFT)

viALL SURFACE
(DEG F)

I E MP VAPOR TEMP
(DEG F)

F'3

67
67
67
67

70
70
70
70
70
70

71
71
71
71
71
71
71

72
72
72
72
72
72
72
72

74
74
74

(67.6)
(67.9)
(67.7)
(67.6)

(70.8)
(71.3)
(70.0)
(70.9)
(70.1)
(70.7)

(72.7)
(72.1)
(70.8)
(71.9)
(71.,5)
(71.7)
(71.5)

(72.8)
(73.3)
(72.1)
(73.3)
(72.9)
(73.2)
(72.6)
(71.6)

(75.8)
(75.1)
(74.6)

2A
4A
4C
4E

AVE

1B
1C
21)
3C
4D

AVE

1O
2C
2D
3C
3E
49
5D

AVE

19
1C
2D
3B
3C
30
5B
5C

AVE

10
2C
21U

1406.38
1403.5C
1393.53
13E7.05

1397.61

1427 .05
1399o94
1436.91
1408.07
1442.61
1383.41

1416.33

1427.2K
1427o73
1436.91
1408.C7
1403.93
1405.31
1408.82

1416.65

1427.0!
i399.94
1436.91
1455.2C
1408.07
1456.Cf
1383.41
1418.2C

14231C

1427.20
1427.73
1436.91

355.66
365.49
364.32
354.54

36C. ý3

360. ZZ)
367. 1Z
369.01t
3t,.99
37C.0o
359.57

3 tr. 33
373,.?4
369.98
3 13. 3v
3tb.94
372.14
3D8. 8 3

368.11

361.09
370.b8

369.35
3 b 5.4Z
375.49
3bi.32
346.33
358. 191

i07. 3
37i. 96
37 7. 04

307.13
310.43
3ý)9.b9
307.90

308.84

312.iU
307.23
3 15 .9,4
315.15
317.42
314.b7

313e74

316.13
31b.uO
317.4•
317 .*0
308 .1
322 .. 9
31jo3b

31o.L;4

315.70
3 iw .6U
319.88
320.40
318.65
31d.Y9
318.18
3rJ9 .4 2

3 Io.., 07

321.76
321 .28
324.61

TOTL POWER -

NU IPR**.33

41 .4o
35-.11
56.43
42.56b

44.14

42.14
45*76
51.23
56.12
51.81
43.70

40.46

46.04
53.72
51.70
54.46
45e44
52.92
45.96

50.33

44,51
45.37
54.85
48 .c
53.96
50.48
41*32
57.21

49.48

43.34
51.62
51 .27

5.77 6TUISEC

RtENULDS NO.

7685.4
7114.1

14786.7
7526o8

9028.2

7690.1
12929.6
11641.9
14501.8
11188.0

7378.7

10888.4

7582.3
14747.4
11631.8
14497.0
12489.5
11381.2

7385.o6

11345.3

7616.9
12790.9
11631.5
14379.4
14499.3
14i97.5

7324o.9
12518.1

11832.3

7459.3
14591.7
115486.0



74
74
74
74
74
74
74
74

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78

(72.4)
(75.4)
(74.9)
(75.4)
(74.6)
(74.8)

(74.7)

(77.0)
(76.3)
(75o2)
(76.1)
(75.9)
(76.))
(7598)

(76.8)
(75.7)
(75.9)
(74.4)
(77.2)
(77.0)
(77.2)
(76.9)
(76.6)
(76.7)

(78.8)
(78.2)
(76.8)
(77.9)
(7797)
(77.8)
(77.7)

(79.3)
(78.8)
(78.0)

2E
38
3C
3D
3E
48
5c
50

AVE

10
2C
2D
3C
3E
48
5D

AVE

r'

2A
20
2D
2E
38
3C
3D
4A
4 E
4C

1366.33
1455*2C
1408.07
1456 .C6
140 3o93
1405.31
1418°2C
1408.82

1419.43

1427,2(
1427.73
1436991
1408.07
1403.93
14C5.31
1408.82

1416.85

1406.38
1360.24
1436.91
1366.33
1455,20
1408.07
1456 K6
1403.5C
1387.C5
1393.53

1407933

1427.2C
1427.73
1436.91
14C8oG7
1403.93
14C 5.31
1408.e2

1416.5

14!6.06
1406.38
1436.91

365. 5.0
386. 38
37v. Y4
334b 46
371.10
377.39
jcQ 44
364.78

374.08

370. JZ
38 3. e.3
378.70
31J. 13
368.98
37t. e9

366.82

375,53

368.85
375.53
i 19.9Q
372.22
381.63
io4o 24
ab 7. 26
375.36
372.o8
379.ob

378.34

373.30
387. 6u
3b2, l1
386.50
370.35
364.24
370,9?)

37ý. 30

390.90
375.40
384.3U

316.00
324.27
322.53
323.-.5
313.98
326°.7
313.11
321.27

320.91

323.96
323.49
325. 75
324.74
31b .2.
33J.i3
323 .J;

.,?3.97

324*10
326.54
3270.7
319.71
327.57
326.39
3e6.37
327.03
324.4ru
32o.o7

32i.) 9

327.25
326.98
328.76
328.04
319.41
333.o9
326.d2

327.28

330.?0
327ob23 37,.;)

38.9d
50.23
5?.91
51.84
47.73
53.15
38.89
45.51

49,57

43.29

51.42
50.66
52.75
51.69
53.83
45.37

49.86

43.94
51.93
53.68
36.41
51.77
52.14
51.15
43*3Z
4D.04
56.53

47.49

43.09
51.35
49.98
51.46
53.31
51.37
44.51

49.16

51 .02
41.*1
49.93

7419.0
14104,0
1449007
14203.9
12396.1
11145.1
12451.1

7314,4

11556.7

7420.6
14539.8
11528.6
14484.1
12386,6
11161.0

7291.0

11258.8

7341.1
11614.7
11511,5

7348.9
14109.2
14471.1)
14177.6

7128.1
7285.8

14077.7

10906.5

7364.8
14449,6
11482.7
144#4.8
12335.9
11147.8
7249.1

112. 1

14145*3
7268.5

11450.8

AVE

10
2C
2D
3C
3E
48
50

AVE

30
2A
20



78
78
76
78
78

84
84
84
84
84
84
84
84
84

9c
90
90
90
90
9c
90
90
90
90

96
96
96
96
96
96
96
96

(79.3)
(78.9)
(79.0)
(78.7)
(78.8)

38
3C
4A
4E
4C

AVE

IB
iC
28
2E
3A
38
3D
40
58

AVE

1D
2C
2E
3A
38
3D
3E
4B
5C
! 0

145 5.2C
1408.C7
14C3.5C
138 7.05
1393.13

1418.34

1295.74
1276.3'S
128 4o,8
1306.32
1268.90
13C 3.6t
1312.57
1337.43
1276.3C

1295.76

1212.32
1216.25
1293.17
1269.73
1281.27
1229.00
1232.03
1228.19
1257.4 2
1239.12

1245.81

1068.62
102 5.t9
1021.11
1028.45
l0b6.8 6
1038.48
104 8.6'(
1146,e3

3t9. 19
3ie.20
377.72
382.21

3b3980

372.87
371.52
370.01
364.42
3 10. 5.

b o. 73
38t.5?
373#9t
388.90

373.94

388.73
397.71
376#14
ao9o 74
4(,4.41
400. 70
375.2v
.394. ?-7
3i3*20
384.30

39 5. iQ

384.94
3b8.37
'tol7o 17
398. Z 7

3b74.231

3 7ý,e 3

331.39
3?.9.87
330.88
328.28
33i.:) 3

333.00

33o.99
329.7b
34,i. 07
338.12
33;2.88
339.38
338.28
342.5t
339.70

337.66

345,.o7
348.47
3,t6 . t8.
342 .8i
35.,.97
349 .47
34L0.68
354.36
341.21
347.SO5

34%.7U

358.90
353.b9
347.93

36o.53
36.L .5p
356.iU
349.93

51.07
50.04
40.96
38.84
57.72

47.57

49.85
58.62
83.01
68.94
64.53
58.34
57.67
78.88
63*40

64.47

38.15
51.77
59.86
50.69
49.69
49.92
67,10
55.17
74.60
45,18

54.21

63.91
37.88
5 1t7
41.32
45.9d
53.57
49.09
67.3b

14074.2
14425.6

7111.9
7234.1

14088.5

11224.9

7724.1
13432.9

9915.7
7245.0

12115.9
11746.8
1233400
10958.j

7688.9

10351.2

7393o6
13001.1

7186.8
11811.3
12370.8
12850.4
12378.0
10545.4
12825.8
7494.7

10781.8

13381*1
7187.7

12293.9
7%.58 .d

12996.5
1094683
7236.9

1Z3o8 .6

AVE

3D
16
'C

2E
38
4D
58
5c

AVE 1043.12 391.04 355.43 51.69 1043092



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41103B

Test Date: 6/11/80

Test Type: Steam Cooling

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 11330

(See following pages for additional results.)

C. Comments:

0.141 MPa (20.4 psia)

N/A

0.131 kw/m (0.0399 kw/ft)

0.035 kg/sec (0.077 lb/sec)

114 0 C (237 0 F)

N/A

N/A

K-244



RUN 411033

INLET VAPO, TEMP = 113.9 PEG C4IASS FLOW a .U349 KG/ShC

z
CM)

o30
.3n
.30
.30

.61

.61

.61

.61

.9q

.99

.99
,99

1.22
1.22
1.22
1.22

ROD HEAT FLUX
LOCATILIt (WATT/SwM)

4ALL SURFACE
(WEG C)

TEMP VAPOR TEMP
(DEG Cl

'tA
4A

4C
4 E

AVE

±B
IL

58

AVt

2A
ý4A
4 C

4t

AVE

~I t
ND

5 t

AVE

2 A
4tA

4E

ii. 2 G. 7 4
1i06.13
i096.74.
14.J16.Z3

1lOG.-9

1181.49
i739.62

1b17.t4

0l85..1L

2878.92
2u29.('9

2799,e24

2846.88

J471.28

3bob.cl31#83.09

3.'pJ2 .17

a5j3 . 79

4221.71
,#143. 43
46ýi3.65
4i 62. 57

±26 . 34
126.60
124. 7C
125.94

125 . 89

135 . 13
131 . d9
i33 . I I
133.14

133. 32

148.06
148.59
146.22
148 • 59

147.87

164 . 5u
158.77
163 • 06
16. ob

161 . o4

174.89
173.66
170. 10
171 . A8

115.83
116.84
116.79
116.82

116.82

119.91
119.14
120.24
119.96

119.81

125.60
125.65
1? 5.b64
125.59

1 ?5.62

133.99
131.98
135.35
134.43

133.94

144.67
145.31
145.13
144.50

TOTAL POWEK -

NOl /PR**.33

33.59
32.3k
61.75
33.75

40 . 35

32.85
53.1'.

53.33
38.82

44 .4

35.10
33.7v
59.61
33.25

40.4C

.0.06
48.28
50.3b
35.bb

41 .1

35.8b

17.54
65.61
39.79

kEYNOLDS NO.

8643.9
8b4U *

17146.3
8649.1

10769.8

86C6.8
14i4Z .5
12917.9
8629.4

11124.2

8302.C
6273.2

16290.7
b292.2

10289.5

8133.4
13729.9
12462.C
b0 Ii.4

105 90.2

7736.9
7642.9

1528b.5
7b17.5

6.J5 KW

41
Li'

1.52
1.52
1.52
1.52

AVE 4152.84 172.13 144.99 44 .7(; 9621.•5



RUN 411038

'ASS FLOW - ,u 3 4 9 KG/I.•. INLET VAPOR TEMP a 113.9 DEG C TOTAL 0 O~wR

HU /PR**.33

b.05 KW

L
(M)

RUC
LOL ATi UN.

HEAT FLUX
tltATTISQA)

4ALL SURFACE
(DEG C)

TEMP VAPOZ TEMP
(DEG C)

REYNOLDS NO.

O"

1,.70(1.721
1.70(1.72)
1,70(1 .701
1.70(1.71)

1,78 (i.80i

1.78(1.79)
1.78(1.80)
1.78( .7b)
1.78(1.79)
1.78(1.81)

1.80(1.83)
1.80(l.85)
1,*80(1.*81 I

1.80(1.83)
1.80(1.86)
1.83(1.82)

1.83(!.851
1.83(1 .85)
1 *8 3(1.*86)
1.83(1.86)
1 .83( 1.8•)
1,.83(1.8'.1

1.88(1i.91)

1.88(1.91)
1.88(1.91)
1.88(1.901

1. 88(I2.92)

AVE

18
IC
2b
3C
4D
58

AVE

10eo

3c

4.8

50

?A
4A
4C
,t E

4384.07
4388.08
4j7S.•7
4419.17

4391.9U

4514.97
'4363.43

4484.b9
4429.b9

4408.77

4430.92
417U.9v
44bit. 69

4,%7.20
14 i G.g9v

4393.85

438q.75

4b 13.917
'4363.43

4247.87
42 9. 9'4
4603.51

it4412.4 e

433u.92
4;o 35 .%2
44L40.9
4 10 .9)
'.'t5 j. 8 1
4Z'47. 8 1

186.43
19.). 5v
183.34
185 .89

i8b. 54

190.21
179 . 76
188 . 34
187.17
188.*42
182.31

186.03

185.92
190.86
188.*96

183.60
194 . bb
185.29

188. i o

190. 86
184.67
183.15
191. 44
179.65
183.08

185.47

184.67
19; . 22
186. 33
187.78
181.03
190.03

151.6?
153.21
152.81
151.41

152.26

154.26
151.35
156.89
155.31
157.54
155.88

155.20

155.26
157.69
156.24
153.21
159.38
155.55

156.22

155.94
153.37
156.49
155.02
157.41
154.24

155.41

158.14
161.39
159.58
1605. 82
158.47
156.99

31.49
29.21
55.92
32.09

17.18

31.14
53.53
46.3o
54.4C
47.81
40.6C

45.64

15.19
43. 7t,
57. 76

50.17
40.78
36.8 e

43.2i

31.96
48.15
41.72
39.82
48.3.-
55.1 b

44.19

52.%.
63.27
53.8•

49.3ý
43.86

7894.9
7145.1

13500.0
7678.1

9054.5

8007.9
13334.3
11689.8
42 63 .9

11099.2
7076.7

11045.3

93CO .1
12053.3
13682.4
14170.6
11158.0

8639.2

11500.6

10934.0
17678.1
10970.0
07329.4
11564.2
15678.6

14025.7

7552.9
11833.8
15162.9
12037.4

7414.8
124ý6.4

AVE

18
IC
2 E
3 A

5 8
'C

AVE

10
26
2 C

z. E

J A



1.88(0.91) 3 b 4117.52 187.72 161.P? 61.97 14611.7
1.88(2.88) 4404.69 189.17 159.89 58.65 15592.1
1.88(1.91) 30 4140 .57 184.b5 160.39 68.6• 14733.7
1.88(1.91) 4E 4407.26 14 .f7 156.r7 54.'. 12680.5
1.88(I.89 ) .8 d .90 193.'2 162.37 45.93 11724.8
1.88(0.89) Dc 4o .51 184.e9 156.28 56.5o 12837.6
1.88(1.9(; 54 4a93.85 185.95 158.45 3Q.62 7514.2

AVE 44tL1.54 186.88 159.22 52.9t 12011.8

1.91(1.94,) IL) 4330.9 2 185.80 159.40 40.64 7542.2
1.91(1.9't) 2C 4.'.s..C.82 188.45 161.P3 6".99 15119.1
1.91(1.93) :O '37C.9v 187.17 161.95 57.%L 11840.1
1.91(1.92) i 448q.69 185.63 161.06 7%.1- 15C57.6
1.91{(.9'I 3E 44(,.2b 183.i8 157.07 5R.IC 12629.4
1.91(1.92) 4 4350.9J 19i .22 163.41 53.51 114Z6.4
1.91(1.93) 5 u 4.393.8j 19J.22 159.93 35.69 7323.c

AVE 4J91.33 187.24 160.52 53.8u 11562.5

1.93(l..95) 2A 43bi.07 188.97 160.12 37.41 7394.8
1.43(1.9u) 21 q!ý35.',2 492.60 163.26 51.8. 11747.8
1.93(1.9ob 2E '.'.55.8i 186,.39 156.45 59.69 7450.9
I .43 ( I 9 t 3ýA 44 4 1. 8 7 89. 31 158.68 47.24 12347.6
1.93(1.96) 3B 4317.52 19*1.22 162.72 59.79 14589.5
1.93(l.94) 3C 4'td'o.69 189.49 161.83 61.9% ±5051.4
1.93(1.96) 3U j3iL.5i 187.21 167.17 66.n3 14720.1
1.93Ui.9b 4A 438b.Co 195.58 152."2 31.8j 7243.3
1.93(0.94) 4 LC 4179.27 18. 20 162.1" 61.69 14428.6
1.93(1.9 1 4E 4419.17 193.96 160.16 35.1'. 7449.1
1.93(1.94) SC 40 3 3 . 1 184.15 158.03 60.52 12317.8

AVE 4 42. 9 138.)2 161.04 51.6 6 11340.1

1.96(1.99) lU 4334.9e 187.17 161.56 41.70 7558.0
1.96(1.9 ) 2C 44LL.bZ 191.38 162.48 97.93 14968.4

1.96(1.98) b2D it7j7.9u 193.23 163.)A 54.88 11784.Q
1.46(i.9b) i. t 4484.69 194.C0 152.88 53.7& 14942.0
1.96(1.'1) 3E 44L7.2o 182.83 158.82 63.06 12556.8
1.96(i.9o) 4 b 4ib°.9• 19 4.SC 154.77 4 7 . Q 11453.5
1.96(i.9b) ýLD 4393.82 185.89 162.15 45.67 7398.3

AVE 4491.33 099.50 162.38 52.12 11523.J

i. 98(2.CD CA 4381.41 19i5.14 161.85 32.17 7337.9
1 . 98?.8 ý 6: • °". 196.90 155.43 46.91 11606.0
t . 48(2. eo ±97..9. 19D.83 164.79 55.2ý. 11760.5



1.98(2.01) 2 E 44,8l i83.66 162.50 52.09 7456.2
1.98(2.(-I) 3A 4 847.87 192.65 161.71 44.96 12212.2
1.48(2.r91j 38 d4.7.5z 19b6.34 164.91 51.74 14389.5
1.98(1.99) 3C 4484.69 197.07 164.,2 51.1Z 14852.0
1.98(2.C±) 3D .32C.57 191.96 164.16 58.93 14571.3
1.98(2.,61) 4 A 43b8.08 198.85 154.19 30.6C. 7270.1
1.98(1.99) 4C .. 379.21 193.82 163.93 55.44 14337.7
1.98(1.99) 4 E 4q 19.17 193.28 162.20 34.74 7481.4
1.98(2.0f,) 5C 40oL3.5i 185.28 160.07 62.4e 12185.8

AVE 44(08.63 192.98 163.23 48. D 11288.5

2.13 18 3982.14 189.60 167.09 43.14 7879o3
2.13 1C 4114.91 184.73 164.11 67.91, 13657.3
2.13 ed 3992.11 196.39 170.21 49.41 10028.7
2.13 eE 4123.7 182. 90 167.67 66.56 7456.8
2.13 3A 4u 2.3ýi i93.Z8 165.59 48.75 12184.2
2.13 $ a 4193.35 195.72 159.56 6D.13 11961.9
2.13 3D 44u. 49 192.03 168.85 65.11 12676.0
2.13 4'0 4Q61#.5Z 192.31 170.03 59.73 11313.4
2.13 51 '. ý .77 167.56 169.2' 53.91 7834.4
2.13 'C '..43.8. 182.62 165.63 81.02 13439.0

AVE 4(o61.91 184.72 167.80 59.56 10843.1

j2.29 1U 38u%.U3 197.18 172.C6 36.3t 7517.5
2.79 e 37t3.77 207.27 175.81 37.9%, 1G536.6
2 .9 2C 3644b,.3 201.82 174.29 51. 0 13462.7
2.29 2E i851.7b 191.20 172.55 49.76 7320.1
?.29 3A j68i. 14 20a.41 !70.87 38.38 11926.7
Z.29 38 391t.5: 206. 23 175.41 4b.R5 . .2890.8
2.29 3U a769.Cl 199.46 174.48 55.R, L3426.5
2.?9 3E 3724.41 183.44 169.63 91.23 12661.7
2.29 48 tL .b.j 2n3.98 17S.71 47.65 10900.6
2.29 5c 3ybC.78 19C.17 17m.56 67.61 12719.7
2.?9 5U 37Zi.67 199.66 173.28 33.6: 7489.3

AVE ab2b.38 198.44 173.24 5n.5 4  1098b.6

2.44 16 3282.6i 194.77 176.45 42.83 7344.8
2.44 ic a1 7.80 194.4, 173.87 52.Qu, 12478.7
2.44 ?d 3115.'14 207.15 180.82 37.?% 1C835.4
2.44 2E 3•0,.2 194.95 177.19 43.9. 7217.7
2.44 i 231.51 203.12 175.78 3P.5 11844.6
2.44 38 3%49.13 2)8.?. 190.43 42.3t 13432.3
2.44 3D 3etc.8b 203. '7 179.4f 57.97 13838.5
2.44 4 L) 3418.35 202.44 10.36 47.6'. .13Z0.1
2.44 5 d ij71.8.L 198.2t 179.14 41.8D 7259.8
2.44 Dc io23.3j 195.67 175.3Q 58.97 12244.7

AVE 3499. 70 199 . 9i 177.88 10781.7



RUi4 411038

INLET VAPOR TEMP a 237.m DE, r4ISS FLOW - .0770i LdM/SEL

z
(IN)

12

12
12

ROD HEAT iLUX
LOCATION (3T6LHR-SiF-T)

4ALL SURFACE
(0EG F)

TEMP VAPOR TEMP
(DEG F)

2A
4 A
4L

AVE

24
24
24
24

39
39
39
39

48
48
48
48

Ic
1(;
41j
58

AVE

1'I

-'S

2A
4A
4C
4 E

AVE

18
IC

5S

AVE

2A
4A

4

J55.21

l l.38
271.06
576.11

565.8J

912.49
b 96 .7C,
912 .92
b87.24

902.3'#

±1UU.22
.ilu. * 89

iii;3. 99

li2c.Cd

111,0.55

1338B. ik)
i313,ZY

1294.3-t
±ii9.3Lu

259.42
259.87
256.46
2)8o09

258.01

275.23
2b9 . 40
271.60
271 . o5

271.97

298 . 50
Z99.46
295.20
299.47

298.16

328.10
317.78
32a. 1*)
321. 54

321.88

346. 80
344.59
338. 18
343. 6 6

242.29
242.31
24?.23
242.28

242.21

247.84
246.45
248.43
247.93

Z47.66

2r8.7
258.17
258.15
25P.06

258.11

273.17
269.57
275.61
273.97

273.08

?92.41
293.5 5
293.23
297.10

VITAL POfcK

Nil /PR**.33

33.59
32'.32
61.7ý
33.7•

40.35

?2.8ý8
53.14
53.CY3

38.82

44. 4t,

35.15
33.7t
59.6i
33.25

40. 4w

30.0b

51.38
35.68

41.1C

35.9b
37.54
65.61
3Q.79

5.73 BTUI:EC

REYNOLbS NO.

b643.9

17146.3
8(49.i

1C769 .8

86;6.8
14342.5

82917.9

±1124.2

8302.1
8273.2

16Z90.7
8292.2

10289.5

8133.4
137e9.9
12482.0

8Cý5.4

1059C.2

7736 . 9
7b42.9
S5e 8 .5
7817.

AVE 13it.27 342.55 292.82 44. 7L 9621.5



RUN 411119

IASS FtUW - .u770 Lv7I7I0 C INLET V&POR TEMP - 237.0 DEG F

z
(I1H)

ROD HeAT FLUX
LUCATI•Lt (ti6uHR-SJF1)

NJ
Ln'
0

67
67
67
67

7J
70

73
7)
7)
73

71
71
71
71
71
71

72
72
72
7Z
72
72

74
74

74
74
74

( f7. 7 )
(67.9)
(67.1)
(67.31

(70.7)
(7C t)
(70.7)
(70. e
(7C.5)
(71.1)

(72.11
(7i.t)
(71 .±
(72.1)
(71.3)
(71.7)

(72.7)
(72.7)
(73.2)
(73.Z)
(73.01
(72.4)

(75.?J
(75. j)
(75.(,)
(74.7)
(75. ý )
(75.,t )

2A
4 A

4C

AVE

1c

20
3C
5D

AVE

ID
23

'V3AE

AVE

i3bb.6i
I388.bi
lvto .69
±486.U4

1392.u%

1431. .74
'483.02

1359.7J

1397.39

Ii 72o 72
ijd5. 39

ý421. 45

137v.q2
13g7S.U0
±492.66

1391.36

144~C. 714
.ijd3.02
1412.3)

35 9.73
1459.1k

ii72.72
14'3 7. Si
1394.81
1385.39
1412.3i
i34b.49

44LL SURFACE TEMP
(DEG F)

367.57
374• 91
362 . C 1
3Ob. tl

36?.77

374.38
355.*58
371.V.2
368.90
371 .15
360.15

3bh. 86

366.o5
375. 55
372.12
36Z.47
38Z.21
365 . i2

370.76

375.54
364.40
361 .o7
376.59
35j . 38
3b1.54

3o55.85

364.40
3 74 . 4C
367.39
370 .w
357. 86
374.*(, 5

VAPOR TEMP
(DEG F)

3')4.91
307.78
3t7.57
3n4.54

316.f7

3)9.66
304.43
314.40
311.55
315.57
312.58

311.37

311.48
315-84
313.24
307.76
318.89
311.99

31.3.2(2

312.7M
308.07

313.58
311.04
315.33
309.63

311.74

316.66
322.51
319.24
371.*48
317.?4

314.58

TOTAL POWEt (

NU /PR*$.33

31.49
2Q.2±
55.92

37.18

31.1'#

46.3a

54.4C
47.8i
4f).6L

45.64

35.19
41.7t
52.78

*5 17
40.78
36.882

43.*25

31.96
48.15
41 .7
3 9. Ft

5 9. 18

44.19

41%. 5 b

53.27
53. 85
4Q.33
43.9b

5.13 BTU/SEC

REYNOLDS NO.

7894.9
7145.1

135c0.0
7678.1

9054.5

8007.9
13334.3
11689.8
14263.9
11099.2

7876.7

11045.3

9300.1
k2053.3
13682.4
14170.6
11158.0

8639.2

11500.6

10934.0
17678.1
10970.0
173Z9.4
11564.2
15678.6

14C25.7

7552.9
11833.8
15162.9
±Z037.4
7414.8

12456.4

±8
I.C
2E
3 A
56
5C

AVE

L0

- E
SA



74
74
74
74I
74
74
74

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

(75.2)
(74.2)
(75.4 ,
(75.2)
(74.'.)
(74.0o
(74.b)

(76.4)
(76.3)
(75.o)
(75.'4)
(76.3)
(75.6)
(7t.1I

(76.9
(77.1)
(77. e)
(77.?)
(77.G)
(76.2)
(77.1)
(77. v
(76.3)
(76.5
(76.)

(78. D)
(78. Lu
(077. d )
(77.3)
(78.2)
(77.2)
(78.1)

3B
3c
3U
3E
48
5
j u

AVE

1D
2C
e D

3t
3 E

'.B
5 u

AVE

F-

2A
,6
2 E

.A
38

4A
'tC
,4E

1368.41

i3 1v9.44
i396.91

1392.bu

1.495. Ili

1372. 12
1494o.81
i.b5.49
14 21. 4 ,
i.3 96. 9.
±3 19. L5
1.92.tb

1391.87

Ajbd.bl

1437.51
14 412.* 3 ;
434t.39
1i,8.41

. 9C - 83

13~ * 6.9C

1459.11

1398.44

1372.7Z
i394.81

14t2 1 . '.5

1.4 9 t. 9
LjP; .Q ý

.1391 * 8

1368.6i
1'437.53

369.89
372.51
3b4. 3 1
361. 32
3d). 34
363 . 73
366 . 72

368 . 38

366.43
371 . 22
368 . 90
366 . 14
361.73
374 . 4ýJ
374 . 4C

369.03

37Z. 15
378 . b9
356.70
372.76
374.40
373.08
3t6 8 99
384 . U4
372. .6
375.73
3b3 . 47

372.65

368 . 9C
376.49
374.41
382. 10
361 . 10
382.10
366.6bJ

373 .10

383.25
386.42
375 . 5O

321.84
319.80
120.71
312.93
314.27
313.31
317.21

318. 6'

31F.91
321.49
323.50
321.9?
314.72
326.13
31q. 87

320.93

320.22
3?5.86
320.81
317.63
324.89
323.29
323.90
323.b4
323.78
321.11
316.46

321.87

322.8?
324.46
327.16
325.18
317.87
328.59
323.86

324.28

3?3.32
320.77

61.97
58.6i
68.6i
54.21
45 . 93
56.5t
39.6Z

52.96

40.64

65.99
57.5Z
7.13
58.10
53.51
35.69

53.80

37.41
5c' . 8,
55.69
47.2'.
59.79
61.9C
66.03
31.85
61.69
35.14
6n.52

51.64

41.7C
57.03
54. 8b
53.7C
63.06
47.r),,

45.61

52 .le

32.07
46.97

14011.7
15592.1
14733.7
1268U .5
11724.8
12837.6

7514.2

12011.8

7542.2
15119.1
11840.1
150.57.6
12629.4
A1426.4

7323.0

11562.5

7394.8
11747.8

7450.9
12347.6
14589.5

5C051.4
1472C.1

7243.3
14428.6

7449.1
12317.8

1134C.1

7558.0
14968.4
11784.0
14942.0
12556.8
11453.5

7398.3

11523 .()

7337.9
11606.0

AVE

ID
26•

ic

4d

AVt

78 (78.0)
78 (79.e)
78 (78.o6 e u 328.0' 55.20 11762.5



U,
NO

78
78
78
78
78
7d
78
73
78

84,

84
84
84
84
84
84
84
8 4
84

9:)

9)
90
90
9 •
91

90
93
9')

96
95
95
95
96
95
96
90
96
96

(79.2)
(79.3)
(79.3)
(78.5)
(79.21
(79.0*
(78.3)
(7o8 .
(78.01

Id

3 A
38
30
4 u
5B
S c

AYE

e E
3A
38
3C
3D

4 C
4 E

AVE

.14 le. 3-1
ii'b.639
1368.47
14 21 .4,i
l.469.4..
139L.83
1386.0'
14Lo.69
1'. 5r..11

i397.3o

1262.17
2I04.25
i265.3j
i3u7.C4
.Lý74 it 941

1269.89

1 8-.50
1818.71

12C7. 30
1192. 9:)

12Z0.64

2241.38
1194 .t
4118G4.4b
1245.85
i255.q..
.&L 7 9 * .

iZ12.28

1038.92
9137.4?

Iu35 . 19

1 U 3:. j* j

2Itj51 . 77
iub.72

I U

2 C
2E
3 A
f31

30
3E
'.8

5

362.59
37b.77
385.41
3,16. 72
377.53
389.93
380 . 87
379.90
365. 50

379.37

373.29
364-52
385.53
361 . 22
379. 90
38t. 30
377.66
378.16
369. b
3b. 72

373.49

386.92
405.09
395.27
37u. 16
396.34
4033. 22
391.02
352 .0
399.i7
374.31
391.38

389.19

38?1 . 58
381.91
4v,'.. 88
3132. 90
397.62
4,)6. 86
392. 12
396.39
381.86
3134.21

391.83

324.50
321.27
328.84
327.24
327.48
327.53
327.07
323.97
320.12

325.81

332.77
327.41
338. 38
333.81
33,. r6
337.2
335. 9
338.r5
336.63
330.13

334.03

341.71
348.46
34 5.7'?1
342.51
339.56
347.75
346.06
337.34
35 1. "8

339.01
343.91

343.P3

349.61
344.96
357.47
351%.93
348.40
356.77
354.92
356.65
35 445
347.71

52.09
44.9t
51.74
51.1 .
58.93
3A.6L

55.44
34.74
62.4 z

48.12

43.14
67.90
49.41
66.5b
48.75

65.11
59.73
53.9.1
81.0Z

59.50

36 .3,
37. 00

51 .Oij
49.7o
38.3d
46.55
55.85
91.23

47.65
67.61
33 .6:

42.83

37.23
43.91
38.59
4•2 . 6
57.97
47.64
41.8C
58.97

7456.2
12212.2
14389.5
14852.0
14571.3

7270.1
14337.7
7481.4

12185.8

11288.5

7879.3
13657.3
10028.7

7456.8
12184.2
11961.9
12676.0
11313.4

7834.4
13439.0

10843.1

7517.5
10536.6
13462.7

7320.1
11926.7
1289C.8
13426.5
12661.7
10900.6
12719.7

7489.3

10986.6

7344.8
i2478.7
i0835.4

7217.7
11844.6
13432.3
13838.5
11320 .1

72t9.8
12244.7

AV E

i bIC

28
3A

310
4U
5d
5c

AVE 352.19 46.42 10781.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41003C

Test Date: 8/13/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 11460

(See following pages for additional results.)

C. Comments:

0.147 MPa (21.3 psia)

N/A

0.13 kw/m (0.040 kw/ft)

0.035 kg/sec (0.077 lb/sec)

112 0 C (234 0 F)

N/A

N/A

K-253



KUN 41003C

qASS FLOW - .('149 KG/SýkL IN•LET VAPOR TEMP x 112.2 BEG :

z

.30

.3D
.30
.30

kOD HEAT FLUX
LOCATiit t, AIT /S6M)

ZA
•,tA

4 E

AVE

.61

.61
.61
.61

.99

.99

.99

.99

±8
IC

5D
56

AVE

2 A
4 A
4C
4 E

1132.7c
1± 78.4

1i07. 61

u91 .92

i741.44
1789.UZ
1809.55
1739.88

1769.97

Z747*.2i
? d4 5. 86

3bdi.9o

zdb9.75

3Z41.87
34 5.1o
j!; bI°.90

344.7±

4418.67

4,e16. lt,

4Zu70.7i

WNLL zUtFACE TEMP
(DEG C)

130.1'
13J.71
1o0.50
128.33

128.92

136.64
133.67
133.89
138.93

135.78

154.72
154.04
147.99
152.14

152.22

165.06
158.60
162.79
168.78

163081

179.10
179.23
179.22

VAP3R TEMP
(DEG C)

115.14
115.156
115.11
115.15

115.14

118.21
117.46
118.57
118.22

119.11

123.85
123.89
123.68
123.88

TOTAL 0OER =

NU /PR**.33

21.45
?ýr .39
41.*56
22. 5t)

26.49

26.47

42.q1
44 .*e
23.4 7

34.39

24.14
25.6ý3
52.99
27.77

KEYNOLUS NO.

859.6 .2
b588 .5

,7094.1
8b17 .9

10724.2

8587.7
143CI.2
1Z898.8

8559.1

i 1086.7

8245.2
8211.0

16247.9
82 50 .C

10Z33.5

813C.1
13730.3
42431.9
7934.6

b.3;0 KW

4- AVE

I.22
1.22
1.22
1.22

1.52
1.52
1.52

18
'C

40
5 t

fE

2A
4 A
-tE

123.88

132.16
131.25
133.62
132•.49

132.13

142.89
143.46
142.79

26.05
44.34
43.78

34.7b

29.09
?2 q

7743.6
7645.3
7783.3

7724.1AVE 4139.21 179.18 143..5



INLEr VAi, TIrnP - 1±Z.2 UEG LMASS FLOW - .0344 KG/SEZ. TOTkL •IJWER

-4U IIPR*4.33

b.45 KO4

I,

Un

Z
(M)

1.7)(1.71)
1.73(1.71)

1.*7 )C1.6 b9)

i. 78(1 .83)
1.78(l .80)
1.78(1.79)
1.78(1.8'))
1.78(1.8))
j.78(1 .80)

1.b3(1.83)
1. 5• 1.81)
1.82(1o.82)

1.83(1.83)
1.83(1.83)

1.83(l .93)
1.88(i.39)
1.68(l.91)
1.66(1.89)
1.58(1.93)
1.66(1 .86)
1.88(1 .89)

1.58(1 .93)
1.88(1.89)
1.88 (1.93)
1. 8 (1 .88 )

ROD HEAT FLUX
LJCATI-04 (,ATT/S['I) WALL )uKFA.t lEhi

(L)EG C)
VAPUR IEMP

(DEG C)

2A
4A
4C
4E

AVE

18

20
3C
40
58

AVE

20
3C
3E
50

4570.75
4254.42

433]7.t2
4441.11

4445.97

4498.72
4466.0 K
4399.35
4439.05
4518.57
4538.37

4476.b8

4399.35
4439.05
4551.41
4428.57

4454.6rC

',627.73
4484.71

4556.22

4295.10
4391.7t
4193 .1t
4399.35
4242.9ý"
4627,73
4475.47
4439.*- 5
4374.17
4551.41
44-35.4t,
4484.71

lby.bO
i•w(. 41
.85.2640t.2b
19L. 2e

i88.89

178.56

i64.i7
.L i,. j94

10 7. L.
193.31

14±T. Jl

±67. j I

,69.idi 9.o3

ib ,.13
1b6.61.

7147. 23

19'4. 1

..7 L,+,
17 . 74
179. 73

I .9.66

151.21
149 .. L9

150 .23

152.77
14,0 d

1I) .02
i54 .s4

153.t8

15j.70

155.86
15tý.50
1 5u .83

1.54 .03

152.4)
152 L.0

1 :2 .2t)

151.37
15b .4b
157.o7
158 .42
±57.o2
&;4. 3s
.1 8 .Z -l5b.77
.L:8 C 17

153.82
16u .62
1 jlf* i1

21.55
26.73
51.65
27.01

33.48

44.01
46.n4

44.6b
52.62
43.44

42.9 2

43.08
49.46

45.92
33.76

43.18

37.51
40.26

38.88

49 .)4
63.46
71035
66.04
64.23
1" .59
7l . 5 5
S8.834
81.47
61.92
61.94
44. .19

7u86.7
71,1.3

13464.0
7658.1

9037.*

8163.3
13143.6
11668*.
13985.1
10961.2

7726.4

10941.3

11674.1
13983.1
12870.7

89-43.3

11865.3

13242.8
13416.8

13329.8

7691.9
12587.6
!:41%.6
128 lb.4

7o66.5
.3571.3

154V4.2
15732.0
15140.U
13567.5
1l616.6
13664.3

REyAULDS NO.

4VE

3A
5c

AVE

ID
28
2C
23
2E
3A
3'a
30.
3D
3 E

48
5 c



1.88(l.4'3) ! 0 4428.!7 106- 4j 1:)6.89 47.13 7573.)

A4E 44(8.37 1t0.73 157.27 64.13 12493.2

1.91(l.95) 10 4295,I3 I o2. 3 158.52 43.97 7708.3
1.91(1.94) 2C 4193. 16 lb6.j5 15a 70 57,92 15273.3
1.91(1.91) 2D 4399.39 179. lb 159..b 71.41 12098.7
1.91(1.93) 3C 4439.K5 182.i? 159.7b 75.30 1567£.2
1.91(1.92) 3E '#551.41 110..1 154.74 74.21 12569.2
1.91(1.96) 48 4405.45 b . o 9  lbi.o9 54.0C 11661.9
1.91(1.94) 50 4428.!7 1i2.zz 15d.0i 46.74 752G.o

4VF 4387.44 It2.6d 1).73 61,5C 11785.9

1.93(1.95) 2A 45713.75 105.63 158.51 41.77 76Z2.6
1.93(1.94) 28 4391.7t 1c0.o1 1:9.71 53.94 12171.2
1.93(1.94) 20 4399.35 Lb2.j 4 .& 59.7b 53.75 12147.5
1.93(1.96) 2E 4242.9C 177.33 15b.97 57.89 7701.5
1.93(1 .93) 3A 4627.73 174. 76 155.b8 67.07 12261.9
1.93(1.94) 33 4475.47 LL4.-eo 159.72 71.25 14881.2
1.93(1.95) 3C 4 439.C' .ct.33 100o.61 66.23 155').0
1.93(1.95) 30 4374.17 'o4.0b 159.54 67.1e 14940.9
1.93(1.94) 4A 4254.42 .bL..2I 15Y.54 43.93 7346.a
1.93(1.94) 4C 4517.62 ot. 5.L 160v..2 65.49 14664o4
t 1.93(1.9?) 4E 4441.11 Lb2.e2 157.64 45.35 75j3.3

AVE 4430.39 1o3.79 1 59 .tj 58.13 11526.6

1.9b(2.00) 1 4295.1C Io7.,L5 16u.44 3:968 7705.9
1.96(1.94) 2C 4193.16 1 b I' ±5b.79 59.5t 15280.5
1.96(l.96) 20 4399*35 ±86.20 10.41 56.67 12126.5
1.9b(1.98) 3C 4439.C5 L'10.53 161.44 58.16 15411.3
1.9o(1.96) 3E 4551.41 1I7o. 7 1 5.ot2 69.26 1233%.3
1.96(2.00) 48 4435.45 193.o? 163.L9 46.95 11651.1
1.96(1.97) 5D 4428.57 &bj. 97 159.89 42. 7540.4

AVE 4387.44 1 6.9?7 lbC.L 53.18 11721.4

1.96(2.3J) 2A 4570.75 143.92 160.54 33.47 7583.8
1.98(2.02) 2a 4391.76 1qb.±l1 16Z.?-0 43.76 12.3
1.98(1.99) 2D 4399.3! lb9.ue 101.3b 51.50 1246C.0
1.98(2.33) 2E 4242.9( Lb3.'# 4  161.52 47.93 7692.6
1.98(1.98) 3A 4627.73 .w,.J4 15/.90 60.75 12046.5
1.98(1.99) 33 4475.47 i92.65 161.)7 54o71 14653.8
1.98(2.03) 3C 4439,,5 193.22 LO2.30 54.56 15284.4
1.9d{(.2n)) 3) 4374.17 1'Y2. J6 161.51 54.46 147Z5.2
1098(2.)l) 44 4254.42 189.4± 01o.o9 37.68 7417.)



1.98(2.00) 4C 4517.62 193.i3 161.88 54.88 14516b7
1.98(1.98) 4E 4441.11 Lb6.ý36 15.o7 38.42 7543.7
1.98(1.98) 5C 4484.71 1tZ.o3 15I.59 61.11 12154.4

AVE 4434.92 1uS. 2 160.83 49.44 11414.9

Z.13 18 3975.2t Lz.u3 165.38 36.31 7852.9
2.13 iC 4109.77 i85.28 162.o7 61.96 1347.7
2.13 2) 4074.7E 19e.ei 160.75 52.36 10316.2
2.13 2E 40 34.74 16o.51 1i 't 47.64 7471,5
z.13 3A 4715.89 187.i7 163.62 58.28 12225.4

2*13 38 4046.26 19ij. a,.k b6b.7o 63,t3 12208.9
Z.13 3D 4074.1 19.L.94 106.33 60.13 12811.0
2.13 40 4205.48 Lyt. t8 a1TA.9 47.87 11426.6
2.13 58 4009*C? 192.0 I6. b,6 37.52 7856.3
2.13 5C 4)57.11 1ob. 1 163.62 55.40 1337(35

VbE 460*32 1 v 0.7 16.5o9 52,1D 10901.9

2.29 28 3770.58 ZC6.J4 172.54 35.85 10866.7
2.29 2C 4153.1i aC4.2D 17...4b 46.73 13540.8
2.29 2E 3759.7t z45.1 171.05 37.56 7343,5
2.29 3A 3821.44 19,li.a i68o.9L 48.56 12J03.2
2.29 33 3626.52 4.,e7 172.34 44.17 13143.6
2.29 30 3839.98 e3.1 171 .Iod 45o43 13512.8
2.29 3E 3292.23 1p. ia 168., 1 4,*8b 1238.9
2.29 4P 3968297 •b. b 173.4b 31o15 11045.5
Z229 !C 3851.C3 .95.L1 16d.45 48.13 12672.3
2.29 5D 4153.91 4i3.o7 171.l0 43.95 7682.8

AVE 3845.16 199, o 170.92 43.,4l. 1420.0

2.44 18 32b5.93 199.J4 175.68 33.37 7337.5
2.44 IC 3326.5e 195,38 17e.44 49.69 12274.8

2.44 23 3448.4e e,. 8.J1 : 11.5 35.73 11130.5
2.44 2E 3202.f9 .98.7u L 7o.u3 33.5b 7255.7

2.44 3A 35C7.74 19b. 2: 173b.04 47.25 11866.7
2.44 31 3394.74 Z07. 6 177.22 41.2? 1361.1
2.44 30 3365.14 21 . 170.t4 43.18 13873,5
2.44 40 3247.64 G6, .6o 177.49 35.21 114?3.3

2.44 3338.27 2 2.oi 176.t1 3).Z5 7311.3
2.44 .C 3'951.76 t 0.. ±170•.24 45.65 12249.9

4VF 3356.t 4 Z01. 91 175.67 10837.4



1,SS FLOW , .U170 LMiSE6. '

Z ROD HEAT FLUX
(IN) LOCATILN (aTU/-Uk-SwFT)

12 2A 359.04
12 4A 354.51
12 4C 338.39
12 4E 33i.1t)

AVE 345.77

24 18 5il.9o
24 C !?b7.1'l
24 U:O 1T3.55
Z4 6 551.47

AvE b61.01

39 24 870.75
39 4A 9J2. o 02
39 4Lt 951.82
39 'tE 9±13.7d

00 AVE 9ug,59

48 is8 l027.5,
48 ic 1079.29
48 4 J 113J.33
48 5 d IAý92 . 114

AVE 1083.57

50 ZA 1336.32
6.J 4A 1292.i4
60 4E 1307.39

AVE '311.95

RUN 41113C

ET WPOK TEMP - 234.P DEG P

4ALL SURFACE TEMP VAPOP TEMP
(LUEG F) (r)E3 F)

2b6.24 239.26
2o1. 29 239.28
259.7G 239.19
263.00 23(.27

264.06 239.25

277.94 244.76
272.81 243.43
273.01 ?45.42
282.08 ?44 A.l

276.41 244.60

313.49 254.93
309.27 255. D
298.39 ?54.98
335.86 ?54.98

30b.00 254.98

329.10 ?69.88
317.48 256.46
325.03 272.52
33J.81 270.48

326.85 269.84

354.38 289.20
35t..b1 291.22
354.60 289.-3

354.53 289.48

T9TAL 0 OWER a

NU /PR**.33

21.45
20.39
41.56
22.56

26.49

26.47
42.91
44.7Z
23.47

34.39

24.14
25.63
52.99
27.77

32.63

2 6.M-
44. 3't
43.78
24 .9r

34.7b

29.75
29.0y
28.93

?0 .2 o

5.74 BTU/SEC

KEYNOLUS Nu.

8596.2
8588.5

17C 94.1
8617.9

i0724.2

8b 8b .7
14301.2
12898.b
8559.4.

11C86.7

8225.2
81211.0

10b2 47 .9
825C.0

I4233.5

8130.1

12431.9
79.44.6

1Q5 5b .7

7743.6
7645.3
7783.3

7724.1



'I 41u03C

a 2i4.0 0E6 I-MASS FLOW a 1277) LB1/3i- INLET VAPuk rENP

1
(14 )

ROD HEAT FLUX
LJCAT1JA (BTU/Hk-SCFr)

67
67
f7
67

70
70
70
73J

7C
7(

71
71
71
71

(67.5)
(67.4)
(67.3)
(bb,7)

(71.0)
(70 *8)

(78.3)
(71.5)
(7,0.)

(71.9)

(71.2)
(71.9)
(7 .~.2)

(71.6)

2A
44
4C
4 E

AVE

19
iC
2r)
3C
40
53

u,ý.o

72 (71.9)
72 (71.9)

2 0
3C
3 E
50

AVE

3A
5C

AVE

1D
2B
2C
2D
2 E

3A
36
3C

3D
3 E
48
-I-

1440 .73
1348.47
1431*eg
1407.64

1409.16

1425.90
1415.53
1394.41
1406.99
1432.19
1438.47

1418.92

1394.41
1406.99
1442 o?
1403.61

1411.92

1466.7q
1421.4t

1444.13

1361.36
1392.CC
1329.0I
1394.41
1344.e2
1466.79
1418 .53
14)6.99
1386.42
1442.EC
1396.34
1421.4t

olAL L ýLKýA•r T'Efi
(J EG F)

313. 2
.3 7'. dij
305. 17
374. 4,j

3 1 .. 33

3 3* 41
3t2.42
370.3,)
3 6~ b. o 7
379. 1a
716. 7

460.b±

31?3. 7 6
3 i3. 4 3
J 6b. ~4
3 67. 1~

74
74
74
74
74
74
74
74
74
74
74
74

(75.)
(74.6)
(75.2)
(74.3)
(75.9)
(74.1)
(74.6)
(T75.)
(74.9
(7,'t. 3)
(75.3 )
(74.1)

dA.bUR I EiP
(DEe F)

30± .385
304 ...

37 C.*39

362. 1ýJ
i74t. 4y

37. 24

3 1 4. 7;4
359. 1

.- 7.46
38;. 4
3 ,;. a7

356.17

3:ý2. 7 b
a54. i

3 64. Ia
366. o5

306.99
30l1 8 u
3±1.03

310 ..8

308.63

30d.ob

312.•4
311 .9.

309.)8

3(1b 4 1

306 .J6

31:5 ., 7
3.L7.24
315.ol
317.15
31b.72

31o.d5
3.L1.179
316.46
300 .038
3-2 .47
3 C,9. ;,'

T)TkL POWER a

4U /PR**.33

23 .55
26i73
51.65
27.51

33.48

44.01
4b.04
44.68
52.62
4).44

43.18

45.92
33 .7t

43.18

37.51
0' * 2 6

33.88

63.46
71.35

64.23
5?.59
71 * 5 -'
88.8,t
80.47
61 . 9?
61.94
48.19

5.74 BTUISEC

REYNOLDS NO.

7886.7
7141.3

13464.0
7658.1

9037o5

8163.3
13143.b
11668.0
13985.1
10961 .2

7726.4

10941.3

11674.1
13983.1
12870.7

8933.3

11805.3

13242.8
13416.8

13329.8

7691.9
12587.6
15410.6
12816.4
76b6.5

13571 ,3
15404.2
15702.3
15140.0
.3567.5
11616.0
l3o64.3



74 (74.9) 50 i403.67 :6, 12 314.4 0 47-13 7573.0

AVE

75
75
75
75
75
75
75

7b
76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
76
78

7b
76
78
78
78

(76.9)
(76.4)
(75.3)
(76.1)
(75.4)
(77.0)
(76.5)

(76.7)
(76.4)
(76.3)
(77.2)
(75.9)
(76.4)
(77.0)
(76.7)
(76.5)
(76.5)
(75.7)

(78. q)
(76.5)
(77.1)
(77.9)
(77.2)
(78.7)
(77.7)

(78.7)
(79.4)
(78.3)
(79.3)
(78.')
(78.5)
(7b6o4)
(76.9)
(75.6)

10
2C
20
3C
3E
4B
5D

AVE

2A
23
2D
2E
3A
38
3C
3D
4A
4C
4E

1397.27

1361.36
1329.CS
1394.41
14)6.99
1't42.6C
1396.34
1403.67

139C.63

1448.73
1392.00
1394.41
1344.82
1466.79
i418.53
I 4ý6.9S
i386.42
1348.47
1431.89
1407.64

14U0.25

1361.3C
1329.05
1394.41
1406.99
144 2.6"
1396.34
i403.67

139-'.63

1448.73
1392.GC
1394.41
1344.82
1466.79
1418.53
1406.99
1386.42
1348.47

3 b1. 10
307.79

360. (9

349.vo
371.b5
3.00

.10L. 62

3o6.14
3b8. ?.

35t,1..& ,
3 5 1. 0

h3 . 67
3t3. o7
307. 38

365..)
ý30C7. 72

3t8.06
366.60

3t 1. jo
374. Y53d?...O9

366.7,#

368. D4

381. >

3o3. 27

378.7 1
3 9. 79
3j7. 7C
37 2. 9;

3.5 . 8

317o34
317.66
318.3w
319.tl

323.U4
31 .s,3

317.72

317,32
319.4d
3 19 .:6
318.15

321.10

319.18
319.17
32u.04
315.76

318.35

32o.79
317.61
32ko .ob
3a2.59
3 13 . 36323.56

319.80

320.11

320.98
323.'•v
322.46
322.73
310.22
32Z.83

322o 71
3 Z3.,o:ý

64.13

43.97
57.92
71.41
75.3,
74.21
54.00
46.74

65.50

41.77
53.94
63.75
57.89
67.07
73.25
66.23
67.10
43.93
65.49

58.13

39.68
59.56
56.67
59.16
690?6
46.95
42.00

53.18

33.47
43.76
5L.50
47.93
6).75
54.71

*54.56
54 o4
37.68

12493.2

7708*3
15273.3
12098.7
15t)70 .2
12569.2
11661.9

1520.0

11785.9

7622.6
12171.2
12147.5

77 * 1.5
12261.9
14881.2
1555Z.0
14940.9

7346.J
14o 64.'.

7503.3

1,L5 2 .6

7705.9
15280.5
12126.5
05411.3
12334.3
11651.1

754u.4

11721.4

7583.8
123C0.3
12061.0
7692.b

12%46.5
14653.8
15284.4
1472! . 2
7417.3

&VE

1D
2.C
20
3C
3F
4B
5D

AVE

2A
23
2D
2E
3A
38
3C
30
44



78
78
78

84
864
84
84
84
84
84
84
84
84

90
90
90
9C
9c
90
90
90
90
90

96
9b
96
96
96
9t
9b
96
96
96

(78.6)
(77.8)
(78.3)

4C
4 E
5C

AVE

1s
'C

28
2E
3A
38
3 D
4U
53

AVE

H

28
2C
2E
3A
3d
30
3E
4;3
50
5 D

IE

19
Ic
21
2E
34
33
3D

58
,ýC

1431.89
1407.64
1421.46

140 5.68

1259.98
1302.62
1291.53
1278.84
1272.b6
1282.5C
1291.54
1332.96
12 7j0.7p.

1285o93

1286.95

1195.11
1316.37
1191,6t
1211.23
1212.84
1217.11
10 43.5j
,L262 .4 3
1220.61
1316.61

1218.75

L041 t C
1354.38

1'93.( 2
1ý)l 4.93
1111 .
1075.99
1066.tl
1329.36
1058 .Lt9
.L 9 . t

379.o3
3-il. j
361.1%)

373.01

37. ob
365.5.v
377.99

367. 71
ib8.91
375.40
3' 7..,9

i78. 7:"
.411. 13

374•.49

4..; 2. d d
39 9.z)o
383.21

3t 3.Z0
a9 1.68

377. ij3
40. iq

4 80. 97

391. ev

4'9.37

3b8. j
4C. ". ib.
4.1. 2 7

39 1 7. a
3 8. o9

i ý.43

319.77
315.o7

31.i -50

3:•9.b8

324•.80
332.i6
33U.3 4
3Z6.87
332.16
331 .4 to
332.9'Y
332 vAU

329.89

342.57
3640 .6 3
339.89
33b.G3
3 3t) t;3

341 .2v'
3 34 .*~i
34,o.26

339.98

339.66

3'.b.22
344.39
351 e59

3'.', .64
3 51 *.i',.
349.94,
3 54..3 0

341.83

54 .88
33.42
61.11

49.44

35.31
bl.86
5?2.36
47.64
58.28
63.b3
0.13
47.87
37.52
55 * 4 C(

52.1t

35.85
46.73
37.58

44.17

45 *43
45.88

38.15
48.145

43.95

43.44

33.37
49.69
35o73
33.58
47.25
41.22
43.1b
35,21
3 .2.5
45.65

1451.7
75',3 .7

1U154•.

i147ct .9

78j2.9
13473.7
10316.2

7471.5
12ZZ5.4
12208.9
12811.0
11426.6
7856.3

1337b.5

10901.9

10866.7
13540.8

7343.s
12003.2
13143.6
03512.8
12388.9
11045.5
12672.3

7682.8

11420.0

7337.5
12274.8
11130.5

7255*7
11866.7
136j1.1
13873.5
11423.3

7311.3
12249.9

AVE 3448.21 39.41 1G837.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41103D

Test Date: 10/7/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 10958

(See following pages for additional results.)

C. Comments

0.148 MPa (21.4 psia)

N/A

0.125 kw/m (0.0382 kw/ft)

0.035 kg/sec (0.077 lb/sec)

122 0 C (251 0 F)

N/A

N/A

K-262



4ASS FLOW

z

.30

.30

.30

.61

.61

.61

.99

.99

Sv03-t9 KG/SkI:

ROD
LUC ATiuli

4A
4A
4C

AVE

I¢
4E

S13

AVE

2A
ItA
4C

AVE

AVE

2 A
4 A

AVE

RUN 411n3D

14LET VAPUk TEhP - 121.7 nFG

HEAT FLUX .JLL SURFACE TEMP VAPIQ TEMP
iWAITiSwM) (DEG C) ()Er C)

L,4 7.89 135.89 124.65
i5 4. 135.48 124.63
996.16 131.28 124.58

i132.71 134.22 124.62

±74Z.0d 139.18 126.P7
17Zi.7) 14*J.28 127.55
1b29o.t3 141.40 1?7.57

lb47.80 140o26 127.31

e7d5.98 158.47 133.06
zl4.6i3 .Lý6.52 133.nl

i328.82 151.08 132.98

e-79.1 155.36 133.02

3217yj 1o3.89 139.24
e6t.ld 162.06 140.98

32 ,162.98 14D.11

,t2.i189.03 151.4.5
3719.2o 179.81 151.78
j767.42 177.77 151.61

38,7.31 1be.z2 151.bl

TOTAL POwEKe

NU /PR**.33

25.9±
? 7.0ot
64 . 7 t

3q. 2 2

54.37
37.Z2
32.36

41.3Z

?9.21
31.39
63."

41.?3

47.24

40 .89

44.07

26.68
34.nu
56.5b

3 9. 19

5.80 KW

REYNULUS NJ.

8397.9
8403.5

1677Q.0

11190.5

140ib.b
8424.7
8410.9

lCZ8,U.7

8(66.9
6070.7

1599C.5

IC.109.4

13464.L4

10761.5

7542.7
754B.?

14997.4

IO29.4

r'Qw 1.22
1.22

1.52
1.52
l.52



N 41103D

a 121.7 DEG CMASS FLOW a .0349 KG/.)L( INLET VAPOR TEMP TOTAL POwtR a

4U IPR**.33

5.80 KW

z
(M)

kO0
LUOCATI U

HE1I FLTiU
IhATT/Sqm)

44,.L SURF4CE TEMP
(UEG C) (DEG C)

REYNOLDS NO.

OND-r

1.70(i.72)
1.70(1.72)
1,70(1.72)

1.78(°.8o)
1.78(1.79)
1.78(1.829

1.83(1.87)
1.83(1.81)
1.80(1.82)

1.83(1.83)
1.80(i.808

1.83(C1.8j)

1.83(1.89)
1.83(1.8'.;
1.83(1.8'.)
1.83(1.83)

1.88(1.861
1,88(1.691
1.,88 ( i.89)

1. 88 1 . 5bI

1.88(-1.87)
1,68(1i,9k)
1.88(1.bv)
1 * 8(1.90)
1.88(1io863
I. *88(1.86)

1.a8(: .67)

AVE

3C
4E

AVE

2C
20
3C
3E
4U

AVE

4178.8Z4273.84
lt.3 14. *10

20

30
't U

42z53 .43

4a 41 * 4b
4'.02. 02
ItU 90.27
4•t6.97

,42 7 b.46

4ý34 7.46

It 4 53 ?- .3 o

436t.97

44;G.67

'.4't6. 11
q.Jý.Lj
4t34 7 .'.u
4217.43
'4.450 .c6
4395.97

,#36( .q

198.17
198.11
188.75

19D .Ul

189.66
191.49
187.14

189.43

196.46
202.08
192.03
180.81
209 . 77

19b623

195.81
199.71
194.05
196.77
195.73

196.41

197.22
194.66
199. 53
194.47
197136
1911. 86
193.1'2
144. 10
192.75
192 .5
185.97
181.67

158.76
158.72
158.96

158.81

158.52
161.47
161.68

160.56

164.49
164.42
162.45
158.99
163.76

162.82

151.q9
165.11
163.40
163.08
164.58

163.63

164.11
154.70
167.36
167.39
166.68
164.r2
15?.93
166.03
1637. 7C
166.27
162 .4'%
163.83

25.7C
26.443
56.28

36.14

45.38
55.84
40.68

47.29

49.27
37.36
56.5i
64.52
30.44

31.66
40.77
54.34
48 .7%
45.78

44.?j

32.18
34.*27
45.22
58. 1A.
46 .ý4
38.91
48.51
59.D2
5?.87
54.48
61.53
56.69

7545.7
7487.2

14550.8

9861.2

137C9.1
16172.0

87G7.2

12862.8

16739.3
13162.6
16271.1
14093.2
13745.5

14802.4

8453.2
13435.7
16898.9
15953.1
12764.1

13501.0

8595.0
8568.6

13282.3
14760.3
13647.3

9282.3
L2848.9
16500.9
12775.7
14644.7
14326.7

9187.4

AVE



AVE 192 .85 165.29 48.99 12368.4

1.91(1.92) 1D 't? 28. 46 195.20 165.49 34.49 8072.4
1.91(1.98) 2c 4i5..00 194.19 168.47 61.10 14572.8
1.910.92) z20 19347.4b 198.43 167.88 46. Fi 13047.9
1.91(1.93) 3E lt.9C.27 18).50 163.34 81.57 ±2620.1
1.91(1.93) 4 8 4C5b.13 193.6C 158.81 52 084 11776.9
1.91(1.9±) 4 u ljdc .9  193.12 167.40 55.44 13659.7
1.91(1.93) "0 44E8.37 183.69 165.57 55.54 76(1.1

AVE 4.L9 4. 6 7 191.2b 166.71 55.29 11621.6

1.93(1.93) 44U(. 67 197.81 155.61 33.0t 7442.0
1.93(1.95) 2A 4±8.bz 196.99 166.72 33.16 7331.0
1.93(l.94) z 4%96.11 198.72 169.13 49.1LL 11618.8
1 .93(1.9j) 3A 435A.td 193.8g 164.66 49.93 12094.2
1.93(1.91t) 38 dt395.97 193.85 167.65 63.1Z 14676.3
1.93(1.9Qo 3C '.ti..62 194.08 167.76 62.89 1496Z.0
1.93(1.94) 30 '.a5a.30 197.37 167.12 53.9e 14886.4
1.93(1.9,) 4A 4Z 73.88- 193.79 166.6) 38.1c 7295.7
1.93(1.9D) 4C 4374.10 .92.82 168.04 66.44 14611.2
1.93(1.93) 40 4.ibb.97 192.87 158.25 57.84 11882.9

AVE %357.31 195.22 167.15 50.75 i1680.0

1.96(1.9b) i0) '.228.48 195.12 166.90 36.24 7383.4
.1 .i62 .) c 418 -.00 197.01 16g.99 57.83 14432.0

1.96(!.97i 21 U.i.7.4o 197.92 169.61 49.6t 11638.7
1.9641.97) -, '402.62 194.24 168.62 64.5L 14898.3
1.96(1.97) 3E 4 .27 182.33 164.72 79.12 12349.1
1.96(1.97) 48 4L •6.13 197.16 17n.39 48.9o 11486.9
l.96(l.9o) 5u 4%,88.31 186.02 166.74 51.93 7327.3

AVE 4199.7o 192.83 168.14 55.47 11359.4

1.98(l.9d) 18 44CiL.67 232.44 167.57 30.19 7214.9
1.98(2.Ctl) 2A 41j8.82 203.to 158.94 29.N 9 7324.1
1.98 1.98) b '3q96.11 2u1.81 17r.78 46.53 11425.9
1.98(1.991 2 L) ,a47. 4 o 198.97 170.64 49.49 116Z5.1
1.98(2.0() 3A 43A.i.t38 197.68 166.56 46.53 119C3.7
1.98 i..99) 4 98 199 . 918.19 159.67 57.41 14370.7
1.98(2. "'" 3C .44;2.6? 194.99 169.67 65.11 14875.7
1.98(1.99) j L I.30 195.63 169.C9 61.42 14638.2
L.98(2.C.,j 4 A 4z73.84 197.24 158.52 35.8. 7207.3
1.98(2.0U) 4C 4a7'.iu 191.zo 169.94 59.89 14477.4
1.98(1.9d) D1) 4iot.41 192.25 17().24 64.58 11866.4



I.98(1.98) 5C

AVE

2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.*9
2*29

l8
IC

2E

3A
38
JO

4 j
cE

AVE

18
I u

2E
-3A

3d
3E

5 0

a9 26.3i
44j(il . e6
a882.Eo

J618b.65
3780.43
3937.84
4o39.8t

j~z2. 18

3933.74
3888. 83
3783.4i
374(..*64
3o66.72
, 179 .,, I
i/±1.21
3734 (.5
3o92.09
3VZ9.67
J895.32

3777.75

115 . 3b

ýi 58.83
3e. 79 .11

2216.54
4e406 . 13
3466.ý9

187.01

197.21

195.49
192.66
197.58
194 .50
195.14
193.99
195 . 10
189.-l
184. 12
1•6 .03

192.36

20)3 . 60
19b.94
2J9.12
209.37
Z00.09
2JZ.15
20o.65
I6o.39
206.91
194.18
188.29

231 . 24

235 .25
201.78
211-73
2)6.11
2z) . 61
2J9. 12
207.19
201.13
197. D4
194 . 9b

168.Q4

173.64
170.8O
176.20
174.02
171.67
174.85
174.28
173.11
173.84
171.22

173.36

178.28
178.23
191.t9
179.73
17A. 73
176.84
180.55
175. 8f
181.37
176.00
178.17

17A.67

182.96
190.27
186.60
183.2R
181.68
185.46
IR4.75
182.38
182.61
190.69

51.15

43.18
5Q. 7 4
60.13
45.44
56.71
75 *
67.55
59.*9
95.67
88.2u

65.21

36.58
49.38
43.21
45.73
4n.58
48.73
51.65
54.71
45.44.
67.7b
92.5o

52. 8

32.62
50.44
41.51
33.94
56.1t
51.16

41 . 17
51 .95
7q.24

11592.1

7672.8
13122.3

9937.9
7248.8

11938.8
11930.8
12565.0
7990.4
7970.8

13417.0

10379.5

7329.5
7447.6

10475.8
13241.3

7148.8
11678.9
12814.4
12238.5
10804.7
12660.6

7578.1

i0310 .8

7135-.4
11938.5
10740.6

7(,43.0
11623.3
13332.5
13619.9

7291.9
7459.6

12276.3

165.72 67.69 12373.b

l~.
0"

AVE

2.44
2.44
2.44

2.44
2.4
2 .44

2 . -#4
2.*44
2.44

18
IC

21
2E
3 A

36
3U

,E

AVE J299.b3 233. 3'0183.07 48.93 10246.1



RUA 41103D

'ASS FLOW * .0770 LBMI/.• INLEr V4PUk TEMP - 251.0 riEG r

z RLU HEAT FLOX A LL SURFACE TEMO VADOP TFINP
{IN) LOCAIUrN (dIwiHA-Sjfr) (DEG F) (DEG F)

12 ZA 332.14 276.61 256.37
12 4A i34.1.j 275.b7 256.34
12 4C j15. 74 268.31 256.25

AVE 317.33 273.59 256.32

24 iC 752.1o 282.34 261.37
24 4'E b4 5.70 284.51 2b1.59
24 6j16. 52 286.53 261.62

AVE 538.13 284.46 261.19

39 ?A u83.u' 317.25 271.52
39 4A 1! .64 313.74 271.42
39 4C 884.92 333.94 271.37

AVE 871.4j 311.t5 271.44

48 ±C I0±9.Y 327.01 28?.64
48 4E 1041.56 323.71 285.77

AVE 1430;.7 325.36 ?84.20

5) 2A 1275.8: 372.25 304.61
60 4A i197.d7 355.65 315.21
6'. 4C 114.±i 351.99 304.8P

AVE 1222.t 359.97 304.90

TOTAL POWEK a

NU /PR**.33

25.91
27.0'.
64. 7C

34.22

54.37
37. ?
32.3o

41.32

29.21
31.39
63.00

41.23

47. 2',
40.89

44.07

26.68
34. n
56.58

39.09

5.i0 BTu/SEC

kEYNL)LuS NU.

8397.9
64%ý3 o 5

1677C0

11 9c .5

14016. 6
6424.7
84•0°-9

10280.7

8066.9
b070.7

Ib 990.5

!C709 4

13464 °
8058.9

107(1.5

7542.7
75't48 2

i4997.4

iCQ29 .4



RUN 411030

'iASS FLOW - .6,770 LBMiSkt I LEtr VAPUR TEMP - 251.1 DFG r

i( ( ROu HEAT FLUX
LULATiuN (-iLUHk-S0F1)

00

o7
67
67

70
73
71

71
71
71
71
72

7z
72
72
72

74
74
74
74
74
74
74

74
74
74
74
74

(67.b)

(67.8)

(70.9)
(70.0)
(71.5)

(73.5)
(71.'.)
(71.o)
(71. o)
(71.U)

(71.9)
(72.4)
(72.6)

(72.0)

(74.1)
(74.t)
(74.41
(7b.6)
(74.4)
(74.U)
(75.w.
(74.0)
(74.7)
( 74. U )
(74.2)
(73.d)

2':

3L
3E
4 3

e-A

4C

AVE

IC
3 L
4rE

AVE

AVE

isi8.17
1351f. 62
.LJ 0 . %*

1353.Uo

±4j32.5

.&4 48. 16

132b.47
1377.96
1. 9 5.44
1,ý96. 44
1484.1'.

1:94.82
1377.9o
13 95ý. 'I't
1i39.81

IJb14b6. I I

13,0t. bz
1J444. 2i

14t25 .0 1

!377.90

.L 3 7 . 9±478.98

ýJ93.33
iLz85. 61

±3>1.03

4ALL SURFACE TEMP
(DEG F)

388 . 70
388 - 60
371 .75

383.02

373 .39
376.68
368.84

372.97

385.63
395.74
377. 65
357.46
409.59

385.21

384.45
391 . t 8
381.29
386.19
384.31

385.54

38o.99
362 . 38
39i . 0
38e.04
387.25
375. 55
379. bl
381.37
378.95
378 .5
366o74
3j9.-:1

VAP3R TFMP
(0EG F)

317.76
317.69
318.12

317.86

317.33
322.65
323. fl3

321.01

328.r8
327.96
324.41
318.19
326.77

325.08

323.59
329.20
326.12
325.54
378.24

326.54

327.40
328.47
333.24
313.31
332.r3
327.21
325.28
330.P5
333.86
3P1. 29
324.33
326.89

TOTAL PO.vR -

NU) /PR**,33

25.7C
?6.43
56.78

36.14

45.38
55.83
4" . 66d

47.29

49.,7
37.3b
56.5z
64.52
30).44

47.63

31.66
40.77
54.34
48.7i
45.78

44.25

32.1b
34.27
45.22
58.1i
46.04
38.91

59.02
52.87
54.4b
61.53
56.64

5.50 BTU/SEC

kEYNGLDS NO.

7545.7
7487.2

14550.8

9861.2

13709.1
16172.0

87C7.2

12862.8

16739.3
13162.6
16271.1
14093.2
13745.5

14802.4

8453.2
13435.7
16898.9
15953.1
127b4.1

13501.0

8595.0
8568.6

13282.3
14760.3
13647.3

9282.3
12848.9
165cC .9
12775.7
14644.7
14326.7

9167.4

1d
20
3C
3u
4 D

AVE

1h
10U
2b
2C

3d

46
4.U

5 U



AVE

ON

7i
75
75
75
75
75
75

75
76
7o
76
76
76
76
76
76
7b

77
77
77
77
77
77
77

78
78
78
78
78
78

78

78
78
78
78

(75.ý1
(77.8)
(75. o
(7o.1)
(75.Y)
(75.1)
(75.8)

(75.91
(76.7)
(76.3)
(7t). 91
(76.31

(7t b *77b. t
(76.7.
(76.v)
(76.ý, )

(77.0)
t7 9.5')
(77.41
(77.7)
(77. 6
(77.o)
(77.0)

(77.9)
(78.9)
(78.1)
(78.5)
(78.9)
(78.5)
(78.8j
(78e.5)
(78.o)
(78 . v
(78 .* )

AVE

18
Z A
28
3A
48

3 C
3D
4.A

4D

AVE

LL)
2C
2l0
3E
48
4U
5 D

I.i4L .2 5
I14 6. 4 7
.13 7 7 .96
1296.4'
Ie85.62
1384.14

,•zq.84

1429.53

x394.82

1'.2i.L I
1418.98

.493 . 33
139i . 4,t
1379.81
13.4.b2

A~384,.14

13 81 .018

1i340.2i
l12b.47
1377.96

1496.'.'

IZ95.84

1331.14t

1394.82
i311.17
i'.5.07
i3177.9o
i378.9d
1493.3 3
1395!)
1379*81

13ý4.tZ
1386 .*t
i1484 . 1't

379.13

383.35
381. 55
389.18
356.91
383 . 85
379.61L
362.64

376.30

388.05
386. 58
3d9.69
381 .0
38J. 93
381. 34
387.27
386 . 82
379.08
379.17

383.39

353.21
386.62
388 . 25
381.64
3b0 . 20
38o.90

379 . 09

39o .40
397 . 5
395.25
39'). 14
387. 83
388 .7'
382.98
384.13
387.Q3
386. 9o
379.05

329.51 4P.99 12368.4

379.88
335.25
334.18
??6.r-2

335.87
333.33
33 1.02

332.08

330.10
332.10
336.43
328.38
333.78
333.Q6
332.82
331.87
334.47
334.85

332.81

332.41
337.99
337.29
33! .5?
328.49
338.70
332 .13

334.65

333.6Z
336.10
339. 4f%
33Q.15
331.81
337.40
337. 40
336.35
335.33
337.89
338.4?

34.49
61.1c.
46.08
81.57
52.84
55.44
50.54

55.29

33.1
33.16
49.12
49.93
63.1e
62.89
53.9K

66.44
57.8(.

50.75

36.2'.
57.83
49.6c
64.5Z
79.12
48.96
51.93

55.47

30.19
29.09
46.53
49.49
46.53
57.47
65.12
61.4.
35.8!
59.89
64.5b

8672.4
14572.8
13047.9
12620.1
11776.9
13659.7

7601.1

11621.6

7442.0
7331.0

11618.8
12094.2
14676.3
L4962.0
14886.4

7295.7
14611.2
11882.9

11680.0

7363.4
14432.0
11638.7
14898.3
12349.1
11486.9

7327.3

11359.4

7214.9
7324.1

114Z5.9
11625.1
11903.7
1437C.7
14875.7
14638.2

7ZU7.3
14477.4
i1668 .4

10z C
ZD

3C
i E

'4B
5D

AVE

113
iA

3A
38

.4 A

't.C
4 U



76 478.1i) 9C1351.C3 3b8.62 730.37. 67.69 12373.8

AVE

84
84
84
84
84
84
84
84
84
84

93
9-
9F
91
90
93

9)

90
9)
9)

96
96

9695
96
96
96
96
96
96
95

18
IC
28
2E
3A
3s
3u
"E
58
5C

AVE

18
IL)

2E
.3A

35

50

.iL 78.32

124b.4Z
I&42.57
1271.27
1230.71
1/71.71
.L221i .3 7
1198.2'
1248.13
I•bC.46
&232.89

I245.38

i246.83
.L23 2 .:)a
1199. 18
±j85,o2

4i62.19
ii97°.(o
i.76.29
.183.54

1234.b5

1197.id

987.'.

!Utt6. 20
.Lu -3 . t
4037.15

.0 39.30
1U39 . 17
4,32.2'4
1079.87

386 . 97

383 . b9
378 . 88
381.65
382 . i1
383. 25
381.18
3d3 . 19
372.21
363 . 41
3bb. 85

378.25

398.48
385.50
4)8.41
4.08. 87
392.15
395.87
413 . 98
385.50
4C-4 . '44
381 . 52
370.92

394.24

401 . 46
395.21
413 . 12
4 )3 . o1
393. 1)
46J .42
4j)4.*94
394.03
387. 56
382.92

336.10

344.56
339.44
349.16
345.23
341 . '1
346.74
345.70
343.59
344.92
340.19

344.05

3152.91
352.82
359.53
355.52
353.71
350.32
357.00
348.43
35 A 6
348.81
352.71

353.61

361.33
356.49
367.P8
361.90
359.n3
355.83
364. 54
360.29
360.71
357.24

361.52

51.15

43.16
59.74.
60f.13
45.44
56.7.

75 . 5t
67.55
59.9.
95.67
88.26

65.2,

36.58
49.38
43.21
45.73
410.58
48.73
51.65
59.72
45.44
67.76
9? , Sb

52.85

32.62
5 .44
41.95
33.941
56.1ct
51.0o
57'. 74
41.n7
51.51
78.24

11592.1

7672.8
13122.3
9937.9
7248.8

11938.8
11930.8
12565.0

799V.4
7970.8

13417.0

1C379.5

7329.5
7447.6

10475.8
13241.3

7148.8
11678.9
12814.4
12238.5
108C4 .7
126b0 .6

7578.1

10310.8

7135.4
11938.5
1C740 .6

7043.0
11623.3
13332.5
13619.9

7291.9
7459.6

12276.3

1C246.1

CD

AVE

i c

3A
36
31
cE

J C

AVt 1045.b4 398.38



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 40503E

Test Date: 11/26/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds, number: 11061

(See following pages for additional results.)

C. Comments:

0.143 MPa (20.7 psia)

N/A

0.125 kw/m (0.0380 kw/ft)

0.034 kg/sec (0.076 lb/sec)

112 0 C (233°F)

N/A

N/A

K-271



MASS FLOW

.30

.30

.61

.61

.99

.99

.99
.99

*.034.5 KG/At.

kJID

LOC ATIUvi

.i.8

2A

AVE

i6AVE

2.A

4 E

AVE

3 t
56

AVE

1d
ZA
4C

AVE

RUN 40503E

±trLET VAPOR TEMP - 111.7 DEG C

HEAT FLUX 4ALL SURFACE TEIP VAPIR TEMP
(hAITl•4m) (WEG C) (DEG CR

±084.53 126.67 114.40
It I. 126.00 114.40

1u68.19 126.33 114.#,

1oi5.4u 129.50 116.63
I17d.31 129.oo 117.37

i610b.8 129.55 117.00

,d Z!. 2? 1449.8 1 122.91
4Y13.91 149. 19 122.89
2750.1 139.19 122.91
2o89.17 14b.04 1?2.90

2719.3i 146.06 1?2.90

3i92.56 156.76 128.89
3163.t6 155.33 131.29
j±9.2) 155.34 131.06

3171.81 155.61 131.41

4196.53 116.95 141.(4
4043.6b 177.72 141.14
4144.ii 164.36 141.52

4126.1v 173.n1 141.23

TOTAL P~wER -

NU /PR**.33

25.28
25 .Q:

25.6A

5n.41
36.62

43.51

27.73
28.27
72.%9
31.97

40.22

42.51
54.91
34.q3

44.12

31.04
28.3b
73 .7•

4 4.0

5.71 KW

kEYNOLUS NO.

8542.Z
b550.7

8546.4

14235.3
b579.4

11407.3

8187.7
8197.9

±628Z.G
b230.3

10224.4

13629.6
14892.5
8L(0 .5

12174.2

7723.7
7t79.5

15281.0

10228.1

N.)

1.22
1.22
1.22

1.52
1 052
1.52



K UN 4u53E

MASS FLOW - *-345 KG/SEC INLET VA LUkj T,-hA P * . ,1.7 DFG C TJTkL POmER

NU /DR**.33

.712 KW

z
(M)

ROD HEAT FLUX
LOCATIO (WATTI-CM)

WALL SUkl-A.E
(bEG U)

TEnP VAPUR (F P
(DLQ, L)

REINOLJS NO.

"--U.)

1.70(1.68)
1.7C(1.69)
1.70(1.68)
1.7C(I.O9)
1.73(1.69)

1.70(1.71)
1 *7L (1.*7'))

1.78(1 ,79)
1.78(1,76)
1.78(1.78)

1.83(1.81)
1.83(1.88)

1.05(1.85)
1.85(1.86)

1ee8(1.89)
1.88(1.88)

1091(1.91)
1.91(1.9^)
1091( 1,92)
1.9i(i.92)

1.93(1.92)

4qE

2C
3C
3D

AVE

3E
5C

2A
28
2C
2E
44

4C
4E

4110.E4
4T13.6 9

4086.15
41C3.56
4,94.36
4,383.*8 5

4179.34
41007.00

4197,32

4)86.15
4014.5C
4123.7%

4074.78

40~9 a.5 4

4098.97

4181,37
4110.64

4146.,(C

4118.99
4 ý47.7 3

4083.3f

4181.37
4072.1r
4103.!t
4129.52

4121ot6

1 a1. r, 4
ib2. IV
177.e7
185.9.
.L 71. .i 3
itu. )6
17y. to
1b2.?42

ibu.65

162.64

118 * 4

±LoU. 73

l64.713
iO2,84

1b3.49

66. j o

±7. D 3

17 s. 7o
116.72

.L Ie. 4 :,

186. 65
?d. 17

±e2. 6

.1. 49

14 f7.6
149.44
140e74
147.34
147.45
1±Ju.12
148 .o7
141.t9

14u .06

15u.67
.49.93
151 rb

1 ll'u .30

148.9e
151.84

150.38

151 .715± 3*151 7t5

15i.7)

155.34
1 5-•.2 7

155o*3.L

153.32
152.8
A53 *75
152 ,98

153.22

153.56

31.11
40.98
53.04
26o79
37.79
45.6t
52.42
30.06

39.67

55.?6
54.02

53.09

40947
45.85

43.16

3).Oc
27.8 "

28.93

37.01
64.1U

61.55

31.1,.
29.59
35.71
64.35

7849.8
12250.8
15071.4

7750.5
7893.8

IZO90.6
1573.4

7860.1

10730.1

18790.2
1710j.6
1879397

18228.1

17286.6
16333.8

10810.2

12642.6
12990.5

12816.0

18412.7
18579.3

18496.J

11583.1
108 3 8 *1
IL4Z8 .9
11420.8

113)67 .7

AVE

18
2A

AVE

20
40

AVE

lB
10
2P
t t

4072.19 it4.o:ý 32.77 Is0700.03



1.93(1.92) 3A 4123C.-C 1.53.Z9 54*1C 13228.4
1.93(l.92) 30 4 1 2 3 .7. 486.24 A55.91 49.18 19837.3
1.93(1.93) 4 A 4094.36 1777.14 154.9± 46.46 8520.5
1.93(1.93) 43 4183.ý5 bo•. 72 15b.64 62.2(o 12749.2
1.93(l.43) 40 4C47,73 776. 12 156.99 71.75 15050U
1.93(1.97) SC 43998.54 77.14 154.74 51.42 IZ721.3
1.93(l.93) 50 4129.52 ,7C€ ,,ý 153.b8 64.55 10683.9

AVE 4096.61 179.32 155.22 55,30 13039.5

1.96(1.96) 18 4181.37 1b9.36 154.74 30.23 9680.8
1.96(1.96) iC 3991.3C ibl.ýq 153.61 49,44 13910.3
1096(1.95) 10 4172.19 184.70 154.59 33.77 9311.3
1.96(l.96) 2A 4110.64 & b 6..o6 1 5.25 33.22 8975.3
1.96(1.96) 2C 408 6.15 i 9 2. b 15 7 oC6 43.R5 16437.2
1.96(1.95) 2D 4118.99 12.22 157.3, 55.57 15Z80.5
1.96(1.96) 38 4D95.2C .*o1.'•c, i..91 73.31 13646. 4
1.96(1.97) 53 4112.59 Li 1.69 i56 .v3 47.32 8266.2
1.96(1.94) 50 4129.52 ±II.02 154.18 .51.7t 10227.9

AVE 4J99.77 I e2.8 aIj.73 47.27 11749.1

1198(1.99) iC 3991.30 .b1.bl 154.67 51.15 13432.6
1.98(1.98) 28 4013.te 1ie7.39 158 .40 46.22 14208.9
1.98(1.97) ZE 4103.56 181.j 15. t6b 41.42 8860.7
1.98(1.98) 3A 4123.Ct. 173..•o 156.13 85-.11 11532.5
1.98(1098) 3R 4095.20 ±81o01 159.87 75.)0 13360.7
1.98(1.99) 3C 4C14.5' r84.37 160.Iu 63.6Z 10512.8
1.98(1.98) 4A 4094.3t 177.5•j 15o.69 49.915 7799.4
1.98(1.,98) 48 4083.b5 iba.,6 16U.70 59093 11487.0
1.98(1.99) 4 C 4179.34 .b4.4 7 ±60,.0.3 55.87 13140.4
1098(1.98) 40 4047o73 17S.78 150.69 64.61 14040.3
1098(2 .03) 4E 4107.00 1o 1.48 152.99 4).48 8712.1
1.98(1.99) 50 4129.52 174.89 15:0.4 54.21 9156o1

A4E 4081o92 1o0. od 157.77 58.05 11350.3

2.l (2 .01) 2C 3967.66 1o4.o7 156.77 59.12 15219.9
2.CI ( 2.Y•) 2D 4118.99 I br. d9 15b.93 51.10 13749.0
2.01(2.01) 3A 4123.CC, 1 7o.15 1517.32 74.86 11666b.
2Gl ( 2o)2) 3C 3972.11 1Jb.25 161.88 65.24 I0443.J
20Ci(2.00) 3E 4099.4C iu it b 15D.33 36.49 12435.2
2 .Q1 (2 ."5) 5C 4098.54 172.o? 157.59 97.32 12766.5

AVE 4063.28 ibi, d3 1.• ,3u 67,34 12713.3

Z,.13[!.2) 2B 3931*(,8 1ci1.44 159.9b 41,30 13410e6



2.;C3(2.02) 3D 4123.71! 182.4 159.80 68.55 14853.8
2.03(2.03) 4A 3973.65 i09.71 A.9.16 48.15 7731.9
2.03 ( 2.04) 4E 3985.33 12. 3.L 1j7,o7 43.65 8490.9
Z.03(2.05) 58 3830.74 L?9./6 L59..0 47.18 7933.3
2.*C3(2.15) 5C 3947.5t L74.2:) 159.83 93.72 13254.2

AVE 3965.35 lbl. 13 159.29 56.59 10945.8

2.O6(2.04) 3D 4123.7C lb2.o3 160.32 73.71 14547.9

AVE 4123.7C ko2.b3 160.a2 73.71 14547.9

2.08(2.37) 3E 3808.91 Lo3.4t 158-33 52.1I IZ808.4

AV E 3808 .91 lb3, 44 150. 3 3 52.lu 12808.4

2.13 IC 3793.42 1b .22 159.t3 57.67 i3392.0
2.13 28 3 931.C8 L9ý o., 164 .,5 49.72 10529.7
2.13 2C 3967.6E i85. 8 163..5 67.47 12907.0
2.13 20 3951.12 1cO,1 03.99 48.97 10474.1
2.13 3C 3972.11 it4.6i 666.Ad 11o30 11328.7
2.13 3U 39C5.49 i8°.9d 16.• dij 56.76 13j,76.6
2.13 3E 38L8.91 .883.o7 16sj..t5 56.63 13020.1
2.13 44 3973.65 1 - 9. i 163.77 64.13 7035.9
2. 13 4U 3915,5C 182o83 ±cj.95 6).04 11806.9
2. 13 5q 3630.74 i77.31 163.09 67.0b 7858.7
2.13 5C 3947.5b 178.2. ±b . 0b 77.29 i3137.3

AVE 39C8.e4 ±b64.05 I t.99 63.27 11378.8

2. 2' 10 3747.01 194,16o 1± b eb 33.05 7508.5
Z.29 28 3719.7C 2ý6.74 189.o1 38.75 10883.4
2.29 2C 3703.OC 11.b 168.75 55.35 13601.5
2.29 2D 3065,5-. cL96.14 169.73 45.00 10914.5
2.29 2E 3672.26 19.. 72 I0o7.15 31,29 7295.3
2.29 3A 3792.6t 183.78 i87.jo 78.32 12124.7
2.29 38 38C2.86 i14., 1 7C- .69 59.8 13099.4
2.29 3C 3829.98 194.7" ±71.1vZ 6 .3 c 13D688.0
2.29 3fl 3731.91 19t.v 4 164.23 50.3b 13878.6
2.2', 3E 3661.16 , '..)8 1it5.1 48.5 7 12504.8
2.29 4A 3734.6 C, .0d. 3b 169.16 47.37 7277.7
2.29 4R 3784.48 L97.40 171.3b 46.84 10870.0
2.29 40 3702.46 i44. 16 169.' 43 .7T, i1576.b

2.2 9  5C 3756.36 lb3.82 185.36 69.21 12507.5
2.29 5D 3657.36 165.20 b.66.o 48.14 1700.6

A",/E 3730.77 ,.,2.7A. ibd .54 10978.1



2.44
2.44
2.44
2.,44
2.44
2.44
2,44

2.44
2*44
2.44

2.44

i C
20
2E
3B
3C
30
3E
48
4D

5C

3199.eC
3076.93
3.117.72

3194.15
3216.14
3210.4C
3265.58
3205.37
3164,1C
3308.52

32C8.34

143. ?d

197 . 2i

i io7.

19 3. ~

194o94

1b9 .18
114.80
172.14
175.57
175.47
1 74. I±
17?.3Z
176.29
174.'t6
173 .4b
169.96

.73.21

43.03
39.39
32.47
54.58
53.58
48 .7
45.76
51.4t
51 -*
465.79
67.34

48.58

2133.2
11a51 .4
7199.9

13589.1
1383a.9
13929.1
12203.7
11098.5
11462.1

72bb.0
12201.7

11451.5%VE



I TL'E Z53i3E

INLET V/a~LI, TEIIP - 2ai.U uEG~ FMASS FLO4 a .0760 LBM/$EC

z
(IN)

ROD HEAT FLUX
LOCATIJ34 (8Tu/HR-S(QFT)

67
67
67
67
67
67
67
67

70
70
70

(66.3)
(66.7)
(66,0)
(66.7)
(66.5)
(66.8)
(67.5)
(67.0)

(7(;.4)
(69.2)
(7t.1)

2A
28
2C
2E
4A
48
4C
4E

2C
3C
3D

A VE

32
5C

I4
,-,4

72 (71.4)
72 (74.0)

73 (73.0)
73 (73.3)

74 (74.5)
74 (73.9)

130 2 o 9!r
1272,17
1295.14
130.65
1?97.74
1294.41
1324.67
1301.74

1298.6b

1295.14
1272.42
1307.C4

1291.53

1299.33
1299.C6

1299,2C

1325.31
1302.9C

1314.11

1305 .,4
1282,gt

1294.25

1325.31
1290.71
13 Gt;.6 5
1308.b8

A 306.39

4ALL ,ukFALE JEMP
(UEG F)

35,8.9

jbL.b6.45 I.J .9
3f66. t' 3
347.2I
j;, 7. :)I

455u. " 0

3:; 7. 17

3.. 3. 3,8
.o7. bU

.,5 7. 3 1

3 t,.

VAPUR TF.IP
(DEG F)

29b.71
3 QJ*.3*98
290914
297.22
297.41
31ý. . 22

297.8b

498.52

3(0.2.6

30;5.32

3G2.*'•

31J•4.9 6
305.17

305 -. 7

311.61
3ii.49

311.55

307.98
307.L2
30 o *75

30,7.37

3ý- 7. 8,o

TJTAL PowER

NIU IPR**. 33

3').11
40.*98
53.04

26.79
37.79
45 .6b
52.92
3 0.0

39*67

53.D0
55.2 t
54.n2

53.09

40.47
45.8 s

43.16

30.00
27.8,

28.93

57.01
64 .1

630.55

31,10
2•.59
35.71
64. 35

40.19

5.42 BTUISEC

kENAULDS NO*

7849.8
12250.8
15071.4

7750.5
7893.8

12090.6
1507.1 •4

7860.1

14730.1

18790.2
17100.6
18793.7

18226.1

17286.6
,6333.8

lo8 10.2

12642.6

12816.6

18412.7
18579.3

18496.0

11583,1
108 38.1
10428.9
1142k, .8

11067.7

A E

la
2A

2D
40

AVE

18
I1
2E
50

3b7. tv
371. 4,

369.),

3:0. 00

352. A5

3!) . 3a

368.91
3 b . 4 1

j36. ?8

3:'a. o 8

75
75
75
75

(75.3)
(74.7)
(75.6)
(74.3)

AVE

7t. (75.6) 1C 129C.71 3td,44 3?.77 10070.3



RUN 403503E

44SS FLOW o0760 LBM/.E; INLET vAPOK TEMP a 233.0 'DFG F

Z KOD HEAT FLUX 4&LL SURFACE TEMP VAPOR TEMP
(IN) LOCATION (ItU/Hs(-S.?FT) (DEG F) (DEG F)

12 13 343.75 263.01 237.93
1? 2A 333.39 258.80 237.Q2

AVE 338.57 259.40 237.92

24 1C 524.69 265. i 241.93
24 :0 ,00.28 265.27 243. T7

AVE 512.48 265.19 242.61

39 1B 863.78 331.66 253.24
39 24 d60.21 300.54 253.20
39 4C 87.Lt 282.54 253.23
39 4E d52.35 294.87 ?53 . 21

AVE sb2.ci 244.9u 253.22

48 1L & ll .90 314.17 ?54.01
48 310 ±u4.°7 311.D9 268.31
48 5 i001.3i 311.52 257.90

AVE 1AUQ.3. 312.46 ?55.74

61 11 i330.12 35j.52 285.87
63 2A i•z81.t 351.99C 86.05
60 'tC 1313.51 307.85 '86.73

AVE 1308.,t3 343.42 286.22

TOTAL POhER

NU /PR**.33

25.28
25.95

2 5 . 6
1

50,4.1

36.6z

43.51

27.73
28.27
72.90

31.97

4!).2 4

42.51

54.91
34.9.

44.12

30.04
28.38
73.72

44.0!

5.42 BIU/SEC

REYNOLUS NO.

8542.2
855C.7

8546.4

14235.3
8579.4

11407.3

8187.7
8197.9

16282.0
8230.3

£424 .4

136Z9.6
14892.5
80Ci.5

12174.2

7723.7
7679.5

i5281.0

i0228.1



76
76
76
76
76
7U
76

77
77
77
77
77
77
77
77
77

76
78
78
7e
78
78
78
78
78
78
78
78

79
79
79
79
79
79

(75.6)
(75.6)
(76.0)
(75.9)
(76.0)
(77.6)
(75.8)

(77.3)
(77.1)
(76.8)
(77.3)
(77.1)
(76.9)
(77.1)
(77.4)
(76.5)

(78.4)
(77.8 )
(77.7)
(78.1)
(7e.1)
(78.2)
(77.3)
(7e.1)
(78.4)
(73.1)
(78.6)
(78.3)

(79.1)
(7P.7)
(79.2)
(79.4)
(78.6)
(8M,.8)

3A
30
4A
4a
4D
5C
5D

'E

lB
1ic
10
2A
2C
20
3 A

53
5D

Al E

--.

Ic
28
2E
3A
39
3C
4A
4 B

4C
4D
4E
50

1 3C6.8 1
1307.04
1297.74
1294.41
1282.96
1299.Ct:
1308.88

1298.4'

132 5.A1
1265.C7
129.'.71
1302.9C
1299.14
1305.54
1298.0
1303.52
13i8.88

1299.45

1265.L7
1?72.17
13Oi .65
1306.E1
1298.( C
1272.42
1297.74
1294.41
1324.t7
128 2.*9
1301.74
1318 . 8e

1293.79

1257. 8
13315 .*
1 3C 6 *. 1
1258. q
1299.33
1299.C 6,

1287.89

355. b

4: 7. * 82aS•7. "dS

349.07-
3.52.33
js8. U0.

354.78

372.41•
3•8.d7

37I. #7

-"999
3d. 7
3,'2. zo
.41t. 17

3o1. 37

3,,9. 0 1
369. 30
3,~1.6ij
3ý 43. j '
35 7. 8

bit. 5O

4•5. :z.-
j , . 4 9
i46. o,)

a57. :9

3t4. 4,;
3b6. b0
349.60

itb. 46
356. o2

3 ,7. .

3C7. P'2
312.65
310.64
317 .. ýb
314.58

3N8 .62

311.39

310.52
3.C8 .:; 1
310 .•6

3 1 .45
3.14 . b1
3 i., * 3
3 .Ld 5
312.65
309 a 52

312,32

31U.41
317.2ko
3 12 .W0
3i3.v3
319.76
321.25
3L4941
32.1.20

3 20 .ý S

317.64
412.78

312.15

31; .99

317,79
31,0.J

315-*18
32.3.39
3 11 . 4
315 . 6

31b,95

54.10
49.18
46.46
52.2 h

71.75
61 s42
64.55

5!.30

33.23
49.44
33.77
33.22
43.85
55.57
7:.3±
47.3Z
61.74

47.27

51.I)
45*22
40.4Z
85.11
75 .r) '.
63.62
4-)o95

59.93
65.87
54.6 ±

41. 4 6
54.21

58.05

59.12
51.00
74 .86
65.224
56.49
97.32

67,34

1322b.*4
19837.3
bi20.5

i2749.2
16055 .0
12721.3
10b83.9

13039.5

9686.8
13910.3

9311.3
8975.3

1b437.2

13b46.4
b266.2

10227.9

11749.1

13432.6
142Gi. 9

88b0 .7
1153Z.5
1336(.7
10512.8

7799.4
11487.0
13140.9
14000.3
87121.

9156.1

11350.3

1'2 19.9

137499J
Iibb6.5
i0443.0
12435.2
12766.5

12713.3

13410.6

AVE

2C
2r)
34
3C
3Ei
5c

AVE

86( (79.7) 1245.98 47t4.b33I.ý q , 3 41.•30



8( (79.6)
80 (79.9)
80 (8 C. 4 )
80 (80.7)
8Li (82.8)

81 (8M.4)

82 (81.5)

30
4A
4E
58
Sc

AVE

3D

A• E

3E

AVE

C

84
84
•4

84
84
84
84
84
64
84
84

9c
9 C
9'
q C
90c
9c,
9C
9(
90
90
9c,
90

9C
90

iC
28
2C
2!)
3C
30
3E
4 A
4'D
54
-5c

E

18

28B
2C
2D
2 E

3 A

3C
3D

4 A

40

5D

1307.04
1259.%4
1263.16
i 2 14. 1 E
1251.21

1256.E5

1307.04

1307.04

1207.26

1207.2o

12.P-2.3 5
1245.98
1257.5b
1252,34
1258. 9
1237.E7
i2fl7.2t
1259.4e
1241.(,4
1214.18
1251.21

1238,94

1187.64
1178.99
1173.69
1161.81
1163.95
12f2.18
12C5.34
1213.94
1182.P6
1160.43
1183.74
1199.52
1173.52
119- .tI
1159.23

3c 1.

3tL.jo
3.' 6 S*

359. 2

•,61 .G

362. 19

36 ... J, 0

3t,. 14
375. ej

3o4.41,
3•o3.b
3t2. a02
.15 4. 4'0'

371. J9
3:2. 78

3o5.49
B9 J. 3 i
301.0co
3t8d. j5

3 t;2. tjý

371. J4
j b 7. t'.2
381.48
3o2. o 7
365. t 7

3 i9.28
31b.49
316.1b
319.10
31Y.33

318.72

3 26i.58

3 2. o 58

31b.,09

310.99

319,34
327.28
3.269.2
327.19
330oO0

326.7d

3 Z. . 5327....
3•f, ..5t

321..8

325,3b

332 ., 3
3.17,6b
335.7'-
337.•1
333.24
3333.25
339e. 5
3 39 o 't
336.b2

336.48
34,0.4i
336.Y7
329.86
33A. .101

68.55
45.15
40.65
47.18
93.72

56.59

70.71

70.71

52.10

52.10

57.67
49.72
57,47

48.97
81. 3 v
3.5 .76
56.63
64*13
69.14
67 . )t)
77.29

63.27

33.35

35.75
55.35
45.ou
31.29
7.9.32

59.82
65. 30

50*3b
43.*57
47.37
46.84
48 .7t,

67021
48.14

14853.8
7731.9
8490.9
793393

132"' .2

i0945.8

14547.9

14547.9

12808.4

12808.4

13392.0
10529.7
12907.0
10474.1
113280.
13L76.6
13020.1

7635.9
11806.9

785b.7
13137.A

11378.8

7508.5
1U8d3 .4
13601.5
10914.5

7295*3
12124.7
13399.4
13068.0
13678.6
125,04.8

7277.7
1087 0.3
11576.6
12567.i

7730.o

A.VE 110 2 .t 3 7b. d 335 .38 5J}.74 18978 .1



96
96
96
96
96
96
96
96
96
96
9 t

1C
20
2E
39

3C
3D
3E
49
40
53
5C

1'"14. 2r

1024.74
I ,l2 .4'1
10 19 * 3 b
10l7.5b
10 35 .1C "
1015.96
10~02088
V) 4 8e 6 6

1016b.91

1' j. I U
3 b 3.39

38 is.32

361. 4D
3*iq. o53

382.34
3 12. 9b
3b7. 70

382. 9vh

338.52
346 .b3
3 4.L 6 b
3 48 2

33b.58
349o32
34o*0.3
3 4ý .;u
337.93

343.*78

43 . 13
30,739
32.47
54.*58
53.58
48,70
45.76
51.4o
51 . 3 L,
48.79

67.34

48*58

12133.2

7199.9
1358907
13830.9
13929.L
12203.7
11098.5
1.i462.1

7266.0
12201.7

11451.54VE

I-



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41103F

Test Date: 6/19/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 10822

(See following pages for additional results.)

C. Comments

0.1406 MPa (20.39 psia)

N/A

0.129 kw/m (0.0393 kw/ft)

0.0344 kg/sec (0.0759 lb/sec)

118.5 0 C (245.4 0 F)

N/A

N/A

K-282



MASS FLOW

z
(m)

.30

.30

.61

.99

.99

.99

1.*22

1 .22
1.22
1.22

1.52
1.52
1.52

D .r344 KGIWL.

ikIJD
LOC AlL Ut1

4 C
4 E

AVE

3 E

AVE

I a

2A
i2C

AVE

IC
2C

j E

AVE

2 A
4 E

AVE

RUN 41103F

INLET VAPOR TEMP a 118.3 DEG

HEAT FLUX JA.L SJRFACE TEMP VAP9R TEMP
kATTISQM) (UEG C) (DEG C)

1109.C't 133.72 11.54
i(o98.15 132.71 121.55

1133.89 131.71 121.-4

1042.4? 136.70 123.t5

l142.47 136.70 123.85

k647.13 157.79 13n.18
2702.75 160.22 130.16
2694.77 152.89 130.35

2814.86 156.96 13.123

32tG.i1 6b5.12 136.34
iZ71.07 15. 11 138.42
Z50.,,6 16o.28 138.24
l3.qe i•8.47 136.36

3248.t8 163.75 137.34

4009.86 186.11 148.79
4096.it 191. C 148.88
4,b3.5o 177.92 148.94

4129.85 184.75 148.87

T3TAL POWEk U

4U IPR**,33

55.76
27.6.

41.71

49.1,~

49.11

?7.65
24. D.ý
53.86

35.18

41.1 I
49.96
30.3b
53.2b

43.69

26.99
24.77
37.5s

2Q.77

5.97 Kw

KEYNOLDS NU.

16651.7
8374.1

12512.9

13 9:0 .6

13950 .b

bu.8 .8
7985.1

1581C.4

lObC1.4

i3340.4
15262.4

7941.8
i34b9.1

125v3 .4

7544.6
7468 .
7628.1

7547.1



RUN 411n3F

,ASS FLOW - .0344 KGISEt. 1INLET V&POi TEMP - 118.1 DFG C TOTAL POwER a

NU /PQ**.33

5.97 KW

z kuLi HtAT FLUX
LUCAThUN (ArT/SiM)

'IALL SU.tFACE TEMP
(WEG C)

VADOR TEMP
(DEG C )

kEYNOLDS NO.

OO

1.7U(1.67)
1.731( .70j
1.70(1.7Tj
1.70(1.70)
1.70(1.7u)

1.78(1.77)
L,78(1.77 )

1.8c(2 .803

1.88(1.87)

1.91(i.9C)
1.91(1.89)

*•.9 (1.90)
1.91, (i.89)

1.93(1.93)
1.93(1.94)
i*93(i.94)
1.93(1.94)
1.93(1.9,t)
1.93(1.93)

1.96(1.95)
1.9b(1.9'
ii9c(2.95)

AVE

3C
4E

AVE

3u

AVE

AVE

2A
28
4B
iC
5L

141.36

4317.8,
4Z69.24

it ?67. t3

4317 .bo
4491.33

43i4.b J

4386.57

4j86.57

42j9.61

4259.6i

4413.54

42ig.bi

4275.72

4284.3.
4 10 79

42.'9.3 7

43i3.5,
4?b4.30
4,41.3b

193.89
195.06
204.28
185.86
190.92

194.00

193.28
19 *.84

19 4. ,6

196 . 93

196.93

193.81

193. 81

191.05
192.t6
187.18
189.)0

189.97

189.04
183. 4t 5
196.33
189.*62
183.94
1835.91

186.05

194 . 3ij
189.84
19b. 42

154.47
157.67
158.76
153.12
156.!ý5

156.01

158.57
158.74

158.65

160.11

160.11

163.79

163.79

161.34
151.12
163.95
164.37

16Z. 69

162.15
162.21
168.56
165.34
162.78
162.64

163.95

162.75
163.06
163.08

26.54
3P.78

45.19

34.)

47.4t
29.12

38.29

45.13

45.13

46.54

46.54

35.61
33,2 (;
60.48
57. 1

46.6-

39.15
51. 37
49.93
57.77
69.18
45.14

51.9z

33.27
39.21
3%.* 9

7527.2
11959.4
11654.2
12199.0
7357.9

10139.5

17687.8
10567.4

14127.6

19778.1

19778.1

20408.4

204G8.4

13430.9
12084.2
ZC300.2
204C2.3

16554.4

10555.6
10085.4
12152.5
18581.1
13788.1
11117.0

12713.3

C7C8 .8
9664.9
9038.4

'1

4 D

AVE

1)
ZE

4U
5c
50

hE

1B



1. 6(i.96) 2' i477.8i j98.17 156.53 43.89 14542.0
1.96(1.95) 2u 4145.44 188.79 165.78 61.76 15463.6
1.96(i.9:) 36 8.o 1bi 148.40 I57.33 51.8L 13141.o
1.95(1.9O1 58 4324.74 192.62 164.58 37.56 8379.9

AVE 4283.t9 194.C8 164.73 42.49 11562.7

1.98(l.97) IC 252 .81 138.3C 152.95 56.9L, 14169.2
1.?)8C1.90) /A 4441.3b 197.79 164.30 30.66 8424.5
1.98(1.9u) 2 4t,77.85 198.78 157.18 43.89 13916.6
I.98(!.98) IA 25 9.3; 19b.89 164.58 44.38 1052C.8
1.98(1.91) 4 A '406.94 233.40 165.36 ?7.1b 7573.3
1.98(i.99) 2d /69.24 199.38 171. nO 46.92 11040.0
1.98(1.99) 4C it.4b.d18 195.10 169.32 64.6b 12493.6
1.98(i.91) 40 49.61 193.b3 157.23 59.16 14781.8
1.98(1.99) 4E *291.33 193.2o 164.20 35.9t 8879.2
1.98(1.99) 'C .29%.3j 187.77 164.57 62.6Z 12376.Q
.o48(1.99) U( 4cji.31 191.39 164.51 38.68 9399.3

AVE 428t.94 194.81 165.84 46.43 11234.0

2.J1(2o0 2 ) ir3 A313.52 197.57 164.44 31.5. 9562.0
2.ol(2.01, IC 4252.81 188.94 153.89 57.46 13621.Z
2.,)(2.00) zC z23i.±5 198.Q7 167.38 51.63 14972.3
2.31(2.00) 4O 4Z45.44 193.28 157.5? 53.83 13429.1
2.)1(1.99) 2E 4jZC.79 184.60 164.17 52.15 8626.7
2 2.01(2.0*l:1 3A 42G3.2i 199.t1 165.66 4 1.9 10705.2
2.l ( 2.06) 36 4298.6o 201.22 169.35 5tl.15 i2261.4
2.)1(2.02) 3u 43d6.57 195.53 168.31 6".41 13636.3
2.:)1(2.01) 4B 4269.24 2)1.11 17D.49 44.87 .C919.4
2.11(2.01) 5d 4324.74 190.b7 166.76 44.07 7910.1
2.ý1(2.01j 5C 419f.35 189.61 165.53 60.19 12333.3

AVE 4265.2' 144.58 166.68 49.74 11654.3

2. )3(2.03) ia 4313.52 198.34 165.47 31.69 9239.8
2.33(2.03) IC 4109.il 189.47 164.90 56.46 h3696.3
2.33(2.C31 28 4i23.o7 232.43 168.87 39. 1 13157.6
2.-13(2.03) Zu 4222.27 194.67 158.39 52.31 12995.5
2. )3(2.0? ) * L231.9v 1 98 .2) 171.71 59.5, 8830.4
2.)3(2.Gtj 3U 4199.96 19b.95 169.3? 56.Pc 13263.7
2.j3(2."n) 'tA ,. 33.4o•0 2')b.73 167.77 24.6f. 7407.7
2.J3(2.03) 4tE 412C.3J 193.23 156.18 36.99 8602.2

AVE 4 ,70. t::) 197. 5) 167.83 44.7u 10899.1

Z. I b(2 ) 1 d 8 . 4 7 1 755.81 60.52 12029.2



AVE ,4it ° 48 188.47 165.8fý 60.5.. 12029.2

2.13
2.13
2.13
2.03
2.13
2.13
2.13
2.13
2.13
2.13

2.?9
2.29
2.29

2.29
2.29
2.29

2.29
2.29
2.292.29
2.29
2.29
2.29

2.44

2.29

2 .*244

2.4-

2.24
2.44
2.44

2.44
2.44

2.44
2.44

IC
26
2D
3C
3D
3E
4A
4U
56
5')

AVE

iu
2.8
4 C
2D
e E
" A

3d

10
4 A

41b
4U)

4109.11Y41Z3.87

4222.27
4t237.9U
.4.&9 9. 9b
41(o6 1. 4d
o4,t 33 . 4 1
4?35.99
4li1jbb

d.U9Y. 59

4142.77

371i5.8

i d 25 .7 9
3846.56
37b4.20
39 01.C2
.19 (1I. 38
ja74.Uo
3913 .40.
3857.59
4028.5
3o74.bb
3780.55

3862.0'.

3.42.23
3a5lý7. 9o
3 8Q8.3j
33;j8.14
i35b.7o

3314.35
a323.7i
3443 . 3!ý
3443.38
3473.76
j371.74

193.74
2J) .23
2)1. 83
198.26
203. 61
192. f)6
23)4.28
195.*11
191. 46
194. 74

197.43

2)3.44
214.44
201.35

2* 55

ZjQ . 59
239.67
215.66
212.01
212. Qb
211. 53
215.54
2U9. 65
202.70
2-11.83

2J8 • 93

202.71
209. O0
21U.05
2J3 . 7(
Z13 . Z8
211 . 69
202.,24
211.'00
214o99
21C .89
203.98
202 . 76

00

168.48
172.56
172.65
175.53
172.91
16b.93
172.68
173.36
172. r19
170.70

171.99

175.66
17A. 48
177.96
178.55
175.49
176.5t
179.57
180.61
179.50
178.19
18n.21
179.?21
177.23
175.31)

177.97

1 78.77
183.01
183.70
180.29
185.D9
183.38
178.q9
183.36
185.1R
194.48
182.23
180.29

182.40

54. 3t
44.53
46.38
69.M4
56.15
58.7(,
30.2b
6?.95
51.'o
41.M3

51.47

32.69
32.31
47.7C
41.19
36.41
36.77
3M.86

45.69
41.76
27.6;
34. c
41.59
35.94
46 .4',

38.4.3

45.43
46.55
39.24
33.2u
42.6'.
44.7(
47.24
2 7. Ft

35.77

3-.41
48.71

13264.5
1042C.5
1013b.7
10779.8
124CO.5
12557.7

7278.8
11430.1

7674.4
8131.6

1C4s 7 .7

7478.2
10732.4
13232.2
10579.;

7224.1
11427.3
12654.2
12541.8
130C9.5

6994.1
10637.2
11128.0

7307.5
1 C74 .6

10501.4

118C5 .C
13488.7
10764.8

7099.5
13350.8
13387.6
11773.5
6928.5

10819.6
11052.5
7153.6

11763.7

10782.3

AVE

IC
zc

24U

3';

3 D
6 E

' u
53
5';

AVE 33•id5. lb 208 .C 3



,q4Ss FLOW

z
(IN)

12
12

24

39
39
39

RUN 41Ji3F

.0759 LBI4#t, 1i,.ET VAPJR TEMP a 245.r" DES F

KOu HEAL FLUX 4A.L SURFACE TEMP VAP3P TEMD
LOCAIIUI& (TL/IHR-S(FT) (DEG F) (nES F)

4 . 7.5 4 2b7T. 30 250.79
E 348.2b 270.87 250.78

AVE 359.4.0 2o9.09 25). 78

3 E .21.59 278.07 254.93

AVE 5)(.59 278.iQ7 254.93

1B 902.42 316.02 266.33
2 A bbo.6o 32J.39 266.29
'tC 917.5z 3,7.20 ?66.63

AVE u92.2t, 314.54 26b.4?

IC i033.33 329.22 ?77.41
2C 1U3a.79 329.20 281.16
2E i±3U.13 331.30 289.84
3E 1018.52 311. 25 277.44

AVE 1029.69 32b.74 27q.21

18 1270.96 367.01 299.81
2 A 1298.3i 314.37 299.99
, E .L357 .7v, 352.26 330.09

AVE 13uo.99 364.54 299.96

TOTAL PODWEK "

NIJ /PR**.33

55.7b
27.65

41.7,.

49. 1.

49.11

27.65
24.0j
53.86

35.18

41.13
49.9b
30.3b
53.26

43.69

?6.99
24.77
37.55

29.77

5.66 6TU/SEC

kEYNOLUS Nd.

16651.7
8374.1

12512.9

13950.6

13950.6

80r. 8 .8
7985.1

15810.4

10601.4

13340.4
15262.4

794i.8
13469.1

i2503.4

7544.6
7468.b
7628.1

7547.1

00
"--

48
48
48
48

63
60
6:l



RUN 41103F

INLET VAPOR TEMP - 245.) DEG FN4ASS FLOW - .0759 LdDM/SEC

(!h ROO HEAT fLUA
LUCATION (oILiHR-SFT)

67
67
b7
67
67

(65.7)
(6. 6

(67.19
(67.±)
(66.9i

2 A

't ti

5 U

AVE

7) (69.5)
7) (7,.t)

71 (7n.7j

74 (73.6)

3C
4E

AVE

3D

AVE

co

4 U

AVE

la44. 33
1355.89

ij3.1It

4.35'. 8b
13 54t .04

Ia )2. bb

1361d. 5b
l3~o. 17

136h. 37

iz39C. 3!

.i39 U 3:5

1i35C.11

1350 . l

136b7 . 20
.35 1. 919

.0 45.6 ?
13 50. 11

li55.22

13!;7 .9'
iaet9 . 5t.
.L4j3 .10

14i sb . 7?1

1367.2u
i. 3 1 . 94
1344.33

7i
75
75
75

75
76
76
76
7b
76

77
77
77

44LL SURFACE TEMP
(DEG F)

3b£ *00
383.11l

399. 70
3o6.54
375 . 66

VAMOR TEMP
(DEG F)

310.D4
315.81
317.76
317.61
312.89

312.82

317.42
317.74

317.58

(74.7)
(74.5)
(74.7)
(74.4)

(76.2)

(7o. *i
(75.9,

(7t,.9'
(7o.o)
(76.9)

IB

?U
dtD

381.20

379.90
382. 70

381.30

386.48

386.48

383. 6

38j. 8t

375. 88
378. 79
30 . 92
372. 20

373 .95

372.28
362.21
365.40
373.31
3t3 . 9
356.63

370.,49

381.83
373.72
35.5 5

AVE

321. 21

326.82

3?6.87

322.41
322.02
327.10
327.87

324.85

323.88
323.99
335.41
329.61
325.10
324.75

327.10

324.95
325.5n
325.55

TOTAL POWER U

NU /PR*'.33

26.54
37.7o
31. 54
45.19
30.1b

34.15

47.46
29.12

38.?9

45.13

45.13

46.54

46.54

35.61
33.2b
60.4b
57.9l

46.6Q,

39.15
5n. 17
49.93
57.77
b9.18
45.14

51.9c

33.21
39.?1
3. .91

5.66 bTU/SEC

REYNOLDS NO.

7527.2
11959.4
11654.2
12199.0
7357.9

10139.5

17687.8
10567.4

14127*6

19778.1

19778.1

204C8.4

20408.4

13430.9
12084.2
20300.2
20402.3

16554.4

10555.6
10085.4
12152.5
±8581.1
13788.1
11117.0

1271303

10708.8
9664.9
9038 .4

±1)
2E
4.d

AVE

16
I u
2 A



77
77
7?
77

78
78
78
78
?8
78
78
78
78
78

78

79
79
79
79
79
79
79
79
79
79
79

89

83

8)

83

(77.2)
(76.V#
(7o.7)

(77.0)

(77.71
(78.L)
(78.0)
(78. to
(77.7)
(78.'4)
(78./)

(77.5)
(78.jj
(78.31
(78..e j

t78.9)
(78.8)
(78.6)
(78.9)
(78.5
(78.9)

(78.9)
(79.t,)
(79.0)
(79. 13
(79.3)

(8,•.C )

(80.1)

(79.9)
(7 9 .t)
(8:..s)
(79.7)
( 8 ., LA

AVE

iC
2A
e 3
3A
ItA

4C

'4E

5D
5D

AVE

00%Oo

±C

ýýE
.1A

3u
46
58
týC

1355.89
i345.62

7. 7• 76

.357.75

iý47.89
.L344. 33
13D5.039
lIi 0 .0 03
13o05.11
1353.1I
1i09.88

.L35(;. 11

.3360. 11
1359i. 8t
ijsc.C'.

1358.76

i3b7.2,j

i347.96
1±4,1.3j
.L±45.6b
ij69.50
13.1? .?4
i362.4d

1353.16
13741.7o

.358.23

1367.20
ij02.4:ý

13(; 7.k; 4

1343.21
1.531.21
1?78.41
14J05.9t6

1321.73

388.70
371 . 82
389.*12
378.7;'

381.35

371 . 93
388 .02
389.81
38o. 40
348.13
390.88
383.19
375 • 5Q
374. 88
369 . 99
376.50

38?. 66

387.63
372 . 9
388 . D 2
379 . 9%
3t64 . 28
391- 66
344.2Q
383.96
394.CO
37i . 2C
373 . 30

382.25

389.01
373.04
396.38
382. 41
386. 75
386.51
404 . L
379.82

387 . 5-j

331.70
33%.40
333.21)
328.25

328. 5 1

32.5.21
327.75
332.92
328.25
329.65
338.n1
336.77
333.02
327.55
328.23
328.12

333.51

327.99
327. 1
333.28
333.54
327.51
330.18
336.83
334.95
338.89
332.17
329.95

332.03

329.8ft4
328.83
315.97
335.lr
341.07
336.78
333.99
331.12_

3314.,9

3 3 3. 45

43.A9
60. 7 t
51.81
37.58

42.49

56.9(
30.6o
43.89
4 4.0n8
27.1t
46.9Z
64.6e
59.16
35.96
62.6Z
38.66

46.43

31.51
5 7. 4 t
51.63
53.83
52.15
40.93
5n'.l5
60.47
44.87
44.07
6m .1'9

49.74

31.69
.56.4 e
'39 . 5tý
52 .31
59.55
56. 8 8
24.06

44 . 7 t

14542.0
15463.6
13141.6

8379.9

11562.7

14169.2
8424.5

13916.6
10520.8

7573.3
1C,40 .0
12493.6
14781.8
8879.2

12376.0
9399.3

11Z34.0

9562.G
13821.2
14972.3
i3429.1

8626.7
10705.2
12281.4
13636.3
10919.4

7910.1
12333.3

11654.3

9239.8
!3696.3
13157.6
12995.5
8830.4

13263.7
7407.7
8Ob2 .Z

10899.1

12029.2

AVE

IC
2 B

3C
30
4.A
4 E

AVE

81 (80.9) ,L,"7 .3, 371.24



AVE

84
84
84
84
84
84
84
84
84
84

90
90

90
9)
93
90
91)
90
9)
91)
90
93)
90

96
96
96
9)
96
96
96
90

96
9g
96
96

IC
z B

3C
3D
3E
,tA
40
58
5 u

AVE

lU
2k

2 J
21E

3A

•C

3 u
4A
4
4D
58
1)c

1302.43
•37.u9

lj3k.2b
1343.23
1331.21
1287.32
1276.41
1342.63
1302. 7i
.1297.49

1313.36C6

1?17.32
11+i77.11l

1?19.c4
±i22.61
ie-19.83
l~i93. I±1

l27.91
1253.Oo
1i22.69
i.70.9±

i?28.l1

lti9.34
ix4t 44.33
Iw48,59
14,,t8.54
it863.63
1115.45

1091.39

liji.03
4jib*J . N

371.24

383.72
396.01
395.29
388686
393 . 10
377 . 70
399.70
383. 2V
376.62
382.54

387.37

398.19
418 . U0
405 .23
407.39
393 . 06
4j9.41
420. 19
413.62
413 . 7C
4i2.75
419.98
409.37
396 . 86
395 . 3C

4a8.07

396. 87
4J8 .31
41.) . 08
398.06
415.90
413.05
396 .03
411 . dQ
418.98
3Y9. i6
396916
396 *97

33D.45

335.27
342.60
342.76
347.96
343.24
336.03
342.83
344.06
341.76
339.27

341.58

348.18
353.26
352.33
353.40
347.98
349.84
355.22
357.08
353.29
352.75
356.37
354.56
351.0?
347.55

352.14

353.79
351.42
362.65
356.52
365.17
362.08
354.18
362.r6
365.33
364.06
361.01
356.5?

54.36
44.53
46.38
69.04
56.15
58.7C
30.2b
62.9
51 . 2t
41.03

51.47

32.69
32.3v
47.7(
40.19
36.41
36.77
38.80
45.69
41.7b
27.6s
34.00
41.59
35.94
46. 4C

38.4.1

45 . 43
46.5>
39.2±
33.2(
42*64
44.70
47.24
27.8t
35 .7
40.63
37.4,
48.71

I2C2 9.2

13264.5
10420.5
10138.7
10779.8
12400.5
12557.7
7278.8

11430.1
7674.4
8131.6

10407.7

7478.2
10732.4
13232.2
10579.0

7224,1
11427.3
12654.2
12541.8
13GO9.5
6994.1

10637.2
11128.0

7307.5
12074.6

10501.4

i1805.0
13486.7
10764.8

7099.5
13350.8
13387.6
11773.5

6928.5
10819.6
11052.5

7153.6
11763.7

41

CD

AVE

IC

20

3C
3u
3E
4'A
4d
4
58
5'.L

,-%VE iuT 7?.g5 406.45 36n.32 40.78 1,782.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44529A

Test Date: 5/13/80

Test Type: Steam Cooling

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2760

(See following pages for additional results.)

C. Comments:

0.141 MPa (20.4 psia)

N/A

0.03 kw/m (0.009 kw/ft)

0.00807 kg/sec (0.0178 lb/sec)

109.8 0 C (299.6cF)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouples were-not used because of reverse heat

transfer: 2E at 2.13, 2.29, and 2.44 m (84, 90, and 96 in.); 5B at 2.13 and 2.44 m (84

and 96 in.); 5D at 2.29 m (90 in.); ID at 2.29 m (90 in.); and 1B at 2.44 m (96 in.).

The following heater rod thermocouples were not used because of small [3oC (5°F)]

vapor-to-rod temperature difference: lB and 2B at 2.13 m (84 in.) and 4D and 5C

at 2.44 m (96 in.).

K-291



RUN 4452 9 4

INLET VAPOR TEMP s 109.4 DEG CMASS FLOW a .C-v56 KG=Eb..

z
(M)

ROO Hk:AT FLUX
LOCATIiN i ,ATITISjM)

4ALL SUKFACE TEMP
(OEG C)

I.18.72
119.40
119.36

.30
.30
.30

.61

.61

.61
.61

.99

.99
.99

ZA
4A

4C
I b

4 U
58

AVE

2 A
,tA
't C

e52.93
? 5.4.9:0
Z53 .3.

?53.73$

485.42
183.02
388.8b
3bb.•bo

.486.49

b65.72
o49.b.ý
oJ4.44

61#9 .93

789.13
769.5o
776. 53
7 70}. dt

71e.52

958..31
9b5.63

S54 . it b

119.16

124.7Z
125.86
125 .Z,3
124 . 10

124.93

140.89
139.03
139.70

139.87

149. 34
151.95
153.61
14d. 6

150.74

151. 58
162.62
lb5 . 42
157.18

VADOR TEF'P
(DEG C)

113.46
113.48
113.77

113.57

117.34
116.24
118.52
117.38

117.37

124.84
1.24. 9ý1
125.50

125.08

136.07
133.06
139.05
136.50

TOTAL POWEK U

NU 0R1**. 33

13.93
12.4•5
20.37

15.5b

14.9Z
15.69
22.Q-e
16.53

17.5-

11.47
12.74,

14.47

16. 1%
15.13
19.13
17.97

1.3d Kw

kEYNOLDS NO.

1341.3
1339.9
2852.1

1844.4

1353.7
2329.2
2115.0
13j4.7

1788.2

1281.4
1278.0
2730.2

1763.2

1263.1
2218.5
ZoZ4.3
1249.9

1689.0

1319.4
1115.4
2153.7
1243.2

AVE

1.22
1.*22
1 .22
1.22

1.52
1 ..)2
1.*52
1.52

2.A
4A
4C
4E

136.17

151.22
152.65
151.R9
151.84

2 4 .1,
24.8e
24.56
41. 8•

AVE 959.,01 8l1.85 151.90 29.79 1457.9



RUN 44529A

miP a 109.4 OEG CMASS FLOW - .0056 KG/SEC INLET VAPOR TE TJT&L POWER a

NU /PR**.33

1.38 KW

z
(M)

ROD HEAT FLUX
LOCATION (WATTISOM)

dALL SURFA%;E
cDE' C)

TEMP JAPOR [EEP
(DEG C)

RE:YNOLDS AO.

i.

1.70(1.72)
1.70(1.72)
1.70(1.72)
1.70(1.72)

1978(1.80)
1.78(1.81)
1.78(1 .78)
1.78(1.83)
1.78(1.78)
1.78(1.80)

1.80(1.85)
1.80(1.83)
1080(1.80)
1.80(1.83)
1.80(1.82)
1.80(1.82)
1a80(1.82)

1,83(1,85)
1.83(1.86)
1.83(1.83)
1.83(1.86)
1.83(1.85)
1.83(1.86)
1.83(1.84)
1,83(1.01)

1.88(1.93)
1.88(1.91)
1.88(1.89)

4VE

18
ic
2D
3C
4D
53

AVE

10
2C
20
3C
3E
48
50

2A
4A
4C
4E

1005.14
1003.09
995,96
991033

998.88

1019.91
1000.54
1026.96
1006.35
1031.03

988.73

1012.25

10204.3
1020.41
1026.96
1006.35
1003.39
1004.38
1006,8r8

1012.63

1019.91
100P.54
1726.96
1040,04
1006.35
1040.65
988.73

1013e59

1017,1C

1020.ýc3
1C20o41
1026.96

17 . 00
I 15.50
±81.70
b9.99

174.30

168. ol
177.95
183. 9z
185. 3%)
L82.97
175.37

1799.

173.70
185.L 8
l 4.63
187.17
1 79..L 6
184.67
176. bo

181.60

171. 8,
180.35
185.73
190.44
188.41
190. 22
177.36
±77.94

io2. 79

17).65
190.36
i~b9. .ij

1404.92
163.05
162.70
161.38

1620j1

164.69
160.01
168.11
16o.77
169.02
166.32

165.82

167.73
167.26
169.2b
168.13
1W).9t
172,34
167.05

107.53

167.41
162.51
171.12
170.59
169.50
169.61
168 094
161.49

167.65

171.95
.71.52
174.b9

27*98
20.14

29,08

24.35

65o67
19.25
21 .48
7) .71
24.42
27.19

29979

42.61
21.71
22.03

20.08
18.97
26.75
25.95

25.44

57.43
19.23
23.08
19. 74

2). 14
19.06
29.07
21.24

25.12

53.52
23,38
23.35

1179.4
1123.8
2346.7
1169.7

1454e9

1183.2
208Z.6
1886.5
2444.5
1844o4
1144,7

1764.3

1161.9
2448.6
1882.5
2440.7
Z032.2
1828.9
1139.1

1847.7

1167.8
2058.6
1875.8
2372.2
2438.0
2382.3
1136.4
2027.0

1932.3

1144.5
2415.6
1859.6

AVE

1B
1ic
2D
38
3C
3D
5B
5C

AVE

1D
2C
20



1.88(1.84) 2E 976.52 176.49 167.65 27.42 1143.6
1.88(1.92) 38 1040.04 Iv3.o50 173949 19.41 2362.3
1.88(1.90) 3C 1006,35 192.66 172.22 18.46 2425.0
1.88(1.921 3D 1040.65 L92.77 172,05 19,37 2373.1
1.88(1.89) 3E 1003.39 182.79 164.91 19.13 20%09.5
1.88(1090) 48 1004.38 188s40 176b75 28.00 182496
1.88(1.87) 5C 1013.59 179.77 164.20 22.30 2014.1
1088(1.90) 50 1006.89 ±81.32 171.46 25.82 1125.4

AVE 1014.47 1l,76 171.05 25.20 1881.6

1.91(1.96) 10 1020MC3 177o64 173.59 61.85 1138.7
1,91(1,94) 2C 1C20.41 191.91 173.17 20,4C, 2404.6
1091(1091) 20 1026.96 L89.61 175.55 23.71 1856.0
1.91(1.93) 3C 10C6.35 193.29 173.86 19.35 2422.1
1.91(1,93) 3E 1003.39 ±b2•d 8 16o.59 20.94 2004•2
1,91(1.93) 48 10C4.38 169.57 178.46 29o24 1821.8
1.91(1.93) 5D 10(C6,8 181000 172097 27.87 1121.8

AVE 1012,63 186o67 173,45 29,05 1824.2

1.93(1.95) 2A 1005.14 179.37 173.b7 45.63 1128.9
1.93(1.92) 26 972.17 188.34 176.2l 260i5 1862.0
1.93(1.93) 20 1026.96 189.99 176,j5 24.75 1852,6
1.93(1.89) 2E 976.52 i79.14 174j.39 27.48 1134.3
1.93(1.96) 3B 1040o04 194o50 175.97 21807 2357.1
1.93(1.96) 3C 10C6.35 194050 175.08 19.30 2417.3
1093(1096) 30 1040.65 194.29 175.14 20.24 2365.6
1.93(1.95) 4A 1003409 182.23 175.40 350811 1111.1
1.93(1.95) 4E 991.33 18s6. 39 173.78 3697C 1125.3
1.93(1.95) 4C 995.96 192.04 L7i.14 22901 2357.5

AVE 10059E2 187. 5 174.73 27.88 1771.2

1.96(2.00) 10 102C.03 179.79 176.03 66.22 1129.5
1.96(1.99) 2C 1020.41 193o59 075.79 21935 2389.8
1.96(1.95) 20 1026o96 19c(8i 177.83 25.57 1847.5
1.96(1.98) 3C 1006.35 195.72 176.31 19,24 2412.0
1.96(1.97) 3E 10C3,3 So 184.20 166.93 22.22 1994.2
1.96(1.98) 48 1004.38 191..45 181.ul 32.17 1817.0
1.96(1.97) 50 10C6,89 184.j4 17.565 28.85 1114.6

AVE 1012.63 108846 175.92 33).80 1814.9

1.98(2.01) 3D 10410,65 195.73 118.01 21.75 2356.6
1298(2900) 2A 1005,14 181.10 17o.42 52.29 1120.5
1.98(1.98) 20 1026o96 191.14 179.')4 23.53 1842.4



1.98(2.Cl) 38 1040.04 195.68 ±78.83 22.82 2349.1
1.98(2,00) 3C 1006.35 197.4J 177,67 18.85 2404.7
1.98(2.01) 4A 1003.49 .a3. 94 178.25 42o62 1105.7
1.98(2.00) 4E 991.33 l82.94 17o.65 38.25 1116.5
1.98(2.03) 4C 995.96 1v3.78 178.ij3 23.47 2351.0

AVE 1013.69 190. 22 177.92 31.07 1830.8

2.13 iC 912.24 .Lb6.83 176.92 30.70 2140.2
2.13 3A 906.89 lbto,5 179.02 31.59 1934.1
2.13 3a 931.73 i98.20 184.dl 25.44 1910.6
2.13 30 938.09 197.11 184,.4b 26.36 2005.0
2.13 40 955.87 193.45 187.o5 52.34 1748.0

AVE 928.96 192.89 182.49 33.08 1947.6

2.29 2C 869.26 21 .52 191.54 28.50 2178.7
2.29 3A 907.48 196.51 18b.10 29.60 1905.9
2.29 38 915.73 2C6.89 193,15 23.84 2092.8
2.29 3D 878.37 2(2.4,,t 191.2(1 30.86 2161.1
2.29 3E 880.54 lb9*. 4 184.74 61.39 1979.2
2.29 48 877.79 2U.l.0b 9  195.16 46.01 1708.3
2.29 5C 898.4C 189.OA. 104.9b 72.97 2037.0

AVE 889.6! i98.30 189.78 41.88 2009.0

2.44 3D 763.75 ? Co3.72 198.89 55.31 2229.9
2.44 1C 729.79 195.41 189.97 43.39 1950.6
2.44 38 762,49 09. b7 199.86 27,40 2185.3

AVE 752*01 196.24 42937 212109



RUN 44529A

MASS FLUW = .0123 L8i/jLC INLET VAPUR TEMP a 229.1 OEG F

z
(Ij }~

12
12
12

24
24
24
24

KU06 HEAT FLIX
LUCATiUN (tiU/Hk-SQFT)

2A
4A
4C

AVE

id
10
4U
58

AVE

I"

39
39
39

48
48
48
48

60
b0

60

2A
4A
4C

80.17
8&.81

8C.29

80.42

122.1o
21 . 4)

i2ao25

123.19

i22*5ý

Z05.91
20i.t 9

2,,3.92
246.14i
24't.32

2 4c). 12

304.01

43. ijti0
3uo.t56

4.Lt SU4FACE TEMP
(DEG F)

24?. 70
246.92
246.84

246.49

256.50
258.55
257.00
255.38

25b.87

285.bC
282.26
283.46

VAPOR TEMP
(DEG F)

236.23
236.26
236.78

236.43

243.22
241.22
245.33
243.28

243.25

256.71
256.82
257.91

257.15

275.93
271.50
282.30
277.70

277.11

304.20
306.77
305.4 0
3)5.31

TOTAL POhER a

NU /PR**.33

13.Q4
12.4.5
20.37

15.58

14.92
15.69
22.9Z
16.53

17.52

11.41
12.7't
19.21

14.47

16.0.
15.13
19.13
17.97

17.06

24. SO
24.82
28.5o
41 . 8

1.31 BTU/SEC

I(EYNOLDS NU.

1341.3
1339.9
2852.1

1844.4

1353.7
2329.2
2115.0
1354.7

1788.2

1281.4
1278.0
273C.2

1763.2

1263.1
2218.5
2024.3
1249.9

1689.G

1319.4
115.4
21D3.7
1243.2

AVE

18

40
58

283.77

30) . 82
305. 52
306.51
298.50

3u33. 34

322 .84
324.71
329.75
310. '),

AVE

2A
4A
4C
4E

AVE VE04.U9 323.32 1457.9



RUN 44i29A

INLET VAPutk TEMP a 229.0 DEG FMASS FLOW a .0123 LBM/SEC

Z
(IN)

ROD HEAT FLUX
LOCATION (8TUiHR-SCFT)

67
67
67
67

70
70
70
70
70
70

71
71
71
71
71
71
71

72
72
72
72
72
72
72
72

74
74
74

(67.6)
(67.9)
(67*7)
(67.6)

(70.8)
(71.3)
(70.0)
(70.9)
(70.1)
(70.7)

(72.7)
(72.0)
(70.8)
(71.9)
(71.5)
(71.7)
(71.5)

(72.8)
(73.3)
(72.1)
(73.3)
(72.9)
(73.2)
(72.6)
(71.6)

(75.8)
(75.1)
(74.6)

2A
4A
4C
4E

AVE

18
lC
2D
3C
40
58

AVE

10
2C
20
3C
3E
48
5D

AVE

18
IC
20
38
3C
3D
5B
5C

AVE

1D
2C
2D

318.59
317.94
315.68
314.21

316.60

323.27
317.13
325.5C
318.97
326.79
313.38

320.84

323.3C
323.42
325.5C
318.97
318.03
318.34
319.14

320.96

323.27
317.13
325.5C
329.65
318.97
329.84
313.3e
321.26

322.38

323.3C
323.42
325.5C

4ALL SURFACE TEMP
IDEG F)

338.30
347.9,j
359.3b
337998

345.74

335.49
3:)2.3Z
363.0t
365.53
361.35
347.61

354.24

344.65
.t5. 32
364o33
3tB.,90
354.49
364,4i;
350.02

358.87

341.33
356.u3
366.31
374.80
371.13
374.34
351.24
5.2.29

361.J1

349.98
374.04
372. Zi

VAPOR TEAP
(oEP F)

321.66
325.49
324.b6
322.48

323.62

328.45
320.01
334,61
332.18
33b.23
331.37

330.48

333.92
333.07
336.67
334.64
321.70
342.21
332.69

333.56

333.35
324#.51
340.01
339.07
331.10
337.30
336.10
322.68

333.76

341.52
340.73
346.44

TOTAL POWER *

NU /PR**.33

27.98
20.14
20.29;
29.08

24.35

65.67
19.25
21.48
20.71
24.42
27.19

29.7V

42.61
21.71
22.03
200.0
18.97
26.75
25.95

25.44

57.43
19.23
23.08
19.74
23.14
19.06
29.07
21.24

25.12

53.52
21.38
23.35

1.31 BTU/SEC

REYNOLDS NO.

1179.4
1123.8
2346.7
1169.7

1454.9

1183.2
2482.6
1886.5
2444.5
1844.4
1144.7

1764.3

1161.9
2448.6
1882.5
2440.7
2032.2
1828.9
.139.1

1847.7

1167.8
Z058.6
1875.8
2372.2
2438.0
2382.3
1136.4
2027.0

1932.3

1144.5
241596
1859.(



0'0

74
74
74
74
74
74
74
74

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
7e
78

(72,4)
(75.4)
(74.9)
(75.4)
(74,6)
(74.8)
(73.7)
(74.7)

(77.0)
(76.3)
(75o2)
(76.1)
(75.9)
(76.0)
(75.8)

(76.8)
(75.7)
(75o9)
(74e4)
(77.2)
(77.0)
(77o2)
(76.9)
(76e6)
(76o7)

(78.8)
(7@e2)
(76o8)
(77.9)
(77.7)
(77.8)
(77.7)

(79.3)
(78.8)
(78.0)

AVE

1I
2C
20
3C
3E
48
5D

AVE

2A
28
20
2E
38
3C
3D
4A
4E
4C

2E
38
3C
3D
3E
48
5C
50

309,52
329.65
318.97
329,'4
318.03
318o34
321926
319.14

321v54

323.30
323.42
325.50
318997
318.03
318.34
319o14

320.96

318.59
308.13
325.5C
309o52
329.65
318.97
329o84
317.94
314.21
31 o.68

318o8C

32 3.3ri
323o42
325.50
318.97
3189C3
318o34
319.14

320.96

329.84
318.59
325,50

34 9. b8
3 80a3 1

378.79
37b,98
361. 02
37.. 12
355.5Y
3.77.84

366.38

351175
377o43
373.30
379.92
361.19
373.22
359.24

368.01

354.32
371.01
373.99

1820 ±.j
362,I.U
38171

377.67

369.41

3~5..62
380.46
375. .6
38 4. 3Ci
i3.o5b
375.88
363.27

371.22

384.31
357.98
376.3•

333.77
344•27
34z.(0
342.77
328.85
350.16
327,57
341.62

339.88

344.45
343.71
347.99
344.9j
331.87
353.22
343 , 34

344.22

344.60
3 49.,L 8

349978
338 .7u
348.74
i47*±,
34 724
347.73
3 44.8.0
347.24

346.52

348.85
348.43
352,1(o
349.36
336.07
357.81
348.02

348.66

35Z.41
349.56
3 55,9A8

27.42
19.41
18.46
19.37
19.13
28.00
22.30
25.82

25.20

61.85
2)*40
23.71
19.35
23.94
29.2',
27.87

29,05

45.63
26.05
24975
27.48
23.87
19.3(j
20.24
35.8U
36 .71,
22.01

27986

66.22
21,35
25.57
19.24
22.22
32.17
28.85

3 0 8 C

?1.75
52.29
28,53

1143.6
2362.3
2425.0
2373.1
2009.5
1824.6
201401
1125.4

1881.6

1138o7
2404.6
1856.3
2422,1
Z004.2
1821.8
1121.8

1824.2

1128.9
1862.0
1852*6
1134.3
2357.1
2417.3
2365.6
1111.1
1125.3
235705

1771.2

1129.5
2389.8
1847.5
2412.0
1994.2
1817.0
1114.6

1814.9

2356.6
1120.5
1842,4

AVE

10
2C
20
3C
3E
48
50

AVE

30
2A
2D



78
78
78
78
78

84
84
84
84
84

90
90
90
90
90
9C
90

96
96
96

(79.3)
(78.9)
(79.0)
( 78.7)
(78.8)

38
3C
4A
4E
4C

AVE

ic
3A
3B
3D
4D

AVE

329.65
318.97
317.94
314*21
31 5.6e

321.3C

289,14
287.44
295.32
297.34
302,97

294*44

275.52
287.63
290.25
278,41
279.09
278.22
284*75

281r,98

242.C8
231.31
241.e 8

238.35

384.23
367.32
363. J1 v
361. it
3b(;. 8 1

374•39

J608 29
371. 42
3b8.77
3b6. BC
380.21

379.20

396. )4
384. Y2
4014. 40
396. 'tO
373.01
395. J)a
372.2z

3o8, 93

398,7v
ib03. 14
4019.41

353,89
351981
35Z.85
349.97
352.45

352.26

350.46
354.23
364.67
363.32
369.76

360*49

37b.77
366.99
379.68
377 .'Y6

384.36
3t4.9~,

373.°0

390 U 1
373.94
391. 14

22.82
18085
42.62
38.25
23.47

31.07

33.70
33.59
25.44
'6.36
52.34

33.08

28.5C
?9*60
23.82
30.86
61039
46.01
72.97

41.88

55.31
43.39
27.4C

42.37

234991
2404.7
1105.7
i116.5
2351.3

1830 *.8

2140.2
193q, .1
1910.6
2005.0
174•8.0

1947.6

2178.7
1905.9
2092.8
2161.1
1979.2
1708.3
2037.0

2309.0

2229.9
1950.6
2185.3

2C
3A
3B
3D
3E
48
5 c

AVE

3D
1C
38

AVE 397.28 385.23



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43129B

Test Date: 6/25/80

Test Type: Steam Cooling

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.139 MPa (20.1 psia)

N/A

0.03 kw/m (0.009 kw/ft)

0.00807 kg/sec (0.0178 lb/sec)

111 0 C (231 0 F)

N/A

N/A

B. Summary Results:

Inlet Reynolds number: 2680

(See page 6-26.)

C. Comments:

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

K-300



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41329C

Test Date: 8/13/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2680

(See following pages for additional results.)

C. Comments:

0.144 MPa (20.9 psia)

N/A

0.03 kw/m (0.009 kw/ft)

0.0082 kg/sec (0.018 lb/sec)

113 0 C (235 0 F)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouples were not used because of reverse heat

transfer and very small temperature differences: lB at 1.78 m (70 in.), 2E at

1.88 m (74 in.), 2E at 1.93 m (76 in.) 2E and 1B at 2.13 m (84 in.); 5D and 2E at 2.29

m (90 in.); and iB, 2E and 5B at 2.44 m (96 in.).

K-301



RUN 41329C

4ASS FLOW - .a362 KGIS3iC INLET VAPJR TEMP * 112.8 DEG C

z

.30

.30

.30

.30

.61

.h1

.61

RJU H-AT FA.UX
LULAT±Uiri (ATi/SM)

4'%LL SURFACE
(DEG C)

TEl P VAPOR TEMP
(DEG C)

.99

.99

.99

.99

2A
4A
4c;

4E

AVE

18

4U

AVE

2A
4A
4C
4E

AVE

I dl
I.C
4U

AVE

2A
4A
'4E

261.8,#
Zi8.54
i04.7d
241.51

2)2.17

ItJ ?.5-t

4i3.54
418.29

411.46

o35.03

o57.84
b94.b16
0666. 4.i

b63. 3t

749.38
767.12
dZ1.99
790.49

7 9,1 . 2.j

974.5b
9-t2. 36
953.47

123 • 46
122.77
123.32
122 . 19

122.93

128.89
127.76
129 . 45

128 . 70

143.28
143.25
143.80
1433.28

143.40

153.50
151 . 17
157.38
155.*97

154 .5*

lot . 94
168.13
164.74

116.14
116.16
116.43
116.15

116.27

11Q.77
118.75
120.84

119.7t

126.61
126.67
127.26
126.66

126.80

136.95
134.23
139.64
137.33

137.04

150.79
151.41
150.68

TOTAL POhER =

4U /DR**. 3 3

ID.?4

11.21
15.9:
11.47

12.22

12.48
17.97
18.46

16.3%.

13.46

17.8b
11.02

12.56

12.09
17.24
16.61
11.37

14.33

15.5i
14.46
17.49

REYNOLDS NO.

1482.2
1483.s
3147.5
1484.8

1899.5

1497.7
258k .3
2335.1

2137.7

1423.1
1415.9
3017.0
1421.9

1819.5

1401.5
2 4 7i.8
2244.6
1379.t

1074.2

1331.3
A317.b
1340.3

1.40 KW

L.)
0

1.22
1.22
1.22
1.22

1.52
1.52
1.52

AVE lb6.61 1 5 11.9 6 15.0e 13i9.8



RUN 41329C

MASS FLOW a .0062 KG/SEC INLET VAPOR TEMP a 112.8 DEG C TOTAL POwER

NU /PR*4.33

1.40 KW

.z
(M)

ROD HEAT FLUX
LOCATION (wATT/SQM)

WALL SURFACE TEMP
(DEG C)

VAPOR TEMP
(DEG C)

REYNOLDS NO.

I

1.70(1.71)
1.70(1.71)
1.70(1.71)
1.70(1.69)

1.78(1.80)
1.78(1.79)
1.78(1.80)
1.78(1 .80)
1.78(1.80)

1.80(1.81)
1.80(1.83)
1.80(1.81)
1.80(1.82)

1.83(1.83)
1.83(1.83)

1.88(1.93)
1.88(1.89)
1.88(1.91)
1.88(1.89)
1.88(1.88)
1.88(1.89)
1.88(1.91)
1.88(1.90)
1.88(1.89)
1.88(1.93)
1.88(1.88)
1.8811.90)

AVE

iC
2D
3C
4D
5B

AVE

20
3C
3E
5D

2A
4A
4C
4E

1656.56
983943

1044.27
1026.59

1027.71

1032.34
1016.94
1026011
1044.49
1049,07

1033.79

1016.94
Ito26*11

1052.C8
1023.69

1029.71

1069073
1036.67

1053.20

992.6'
1015.18

969.21
1016.94
1069.73
1034.53
i026.11
10 1.1. l.L
1052.08
1016.34
1036*67
1013.69

172.57
175.47
179.75
172.25

175.01

175.41
180.39
184.01
184.67
176.12

180.12

181060
184.65
176.18
175.42

179.46

179.78
179.15

179.47

172.56
182.83
180.39
180.41
179.09
183.44
181.80
180.93
175 . 51
182.17
179.78
175.38

159.06
160.47
161.05
158.59

159.79

158.58
166.34
165.28
167.62
164.12

164.39

167.28
166.45
159.68
164.49

164.48

161.67
161.26

161.46

168.77
170.40
169.13
170.35
164.17
169.62
170.43
169.40
163.64
172.87
163.84
168.21

19.73
16.43
21.63
18.98

19.19

21.28
24.08
?0.91
20.2
21.80

21.67

23.56
21.52
22 .06
23.37

22.63

20.29
19.94

20.11

65.25
26.93
32.92
33.44
24.57
28.48
34.46
33.5Z
30.53
36.06
22.28
35.43

1340.3
1245.4
2533.7
1318.9

1609.6

2332.2
2094.8
2575.2
2004.4
1338.9

2069.1

2094.8
2560.3
2306.4
1540.6

2125.5

2409.3
2423.3

2416.3

1291.5
217C.3
2745.1
2220.9
2468*5
2766.8
2813.9
2721.7
2446.7
2068.7
2477.1
1.78.4

AVE

3A
5C

AVF

1 U
2•8
2C
20
3A
38
3C
3D
3E
48
5C
5 L



AVE 10022o21 179.52 168.40 33.65 2289.1

1091(1*95) 10 992.84 174.89 170.19 52.26 1297.7
1.91(1.94) 2C 969.27 182.83 170.38 29.64 Z736.4
1091(1.91) 20 1916.9,t 177.93 171.07 49.21 2110.1
1.91(1.93) 3C 1026.11 181.97 171.67 37.92 2822.9
1091(1.92) 3E 1052.08 172.77 164.73 45.19 2259.9
1.91(1.96) 48 1018.34 183.88 173.96 33,64 2084.4
1.91(1.94) 50 1u23.69 175.47 170.30 49.03 1277.4

AVE 1914.18 178.53 170i33 42.41 2084.1

1.93(1.95) 2A 1056.56 175.95 170.09 44.61 1288.4
1.93(1.94) 2B 1015.18 182.22 171.87 32.31 2128.6
1o93(1.94) 20 1.016.94 179.15 171.91 46.42 21Z808
1.93(1.93) 3A 1069.73 174.86 165.97 41.37 2222.9
1.93(1.94) 38 i034953 182.22 171.40 36.38 2695.7
1.93(1.96) 3C 1026.11 183.92 172.69 34.61 2808.7
1.93(1.95) 3D 1011911 182.22 171.26 35.12 2702.5
1.93(1.94) 4A 983.43 177.33 171.16 39.29 1262.1
1.93(1.94) 4C 1044.27 182.96 171.71 35.26 2676.3
1.93(1.92) 4E 1026.59 174.77 169.10 44.88 1273.1

AVE 1028.44 179.56 170.72 39.02 2118.7

1.96(2.00) 10 992.84 177.35 172.60 51.45 1296.2
1.96(1.94) ic 969.27 181.80 170.49 32.66 2739.4
1.96(1.9b) 2D 1016.94 181.00 172.68 43.27 2131.1
1.96(1.98) 3C 1026.11 186.59 173.70 30.02 2790.7
1.96(1.96) 3E 1052.08 174.79 166.74 44.o9L 221b.0
1.96(2.00) 48 1018.34 187.54 175.80 28.21 2082.9
1.96(1.97) 5D 1623.69 177.97 171.84 41.12 1281.7

AVE 1014.18 181.00 171.98 38.37 2076.9

1098(2.00) 2A 1056.56 180.47 172.65 33.09 1285.1
1.98(2.02) 28 10i5.18 187.36 175.11 26.98 2112.8
1.98(1.99) 21U 1016.94 183.40 173.Q8 35.43 2126.5
1.98(2.03) 2E 980.77 177.35 173.97 71.32 1289.1
1.98(1.98) 3A 1069.73 177.92 168.38 38.28 2185.8
1.98(1.99) 3B 1034.53 187.77 173.72 27.70 2670.5
1,98(2.00) 3C i026.1A. 188.86 174.83 27.45 2771.6
1.98(2.001 30 1011.11 187.42 173.72 27.8C 2678.Z
1.98(2.00) 4A 983.43 181.67 173.83 30.63 1267.3
1.98(2.00) 4C i044.27 187.78 174.03 28.56 2659.0
1.98(1098) 4E 1026.59 178.07 171.81 40.36 12b4.7
1.98(1.98) 5C A036.67 178.57 168.10 33.77 2191.4



,AVE 1025016 163.05 172.84 35.11 2043.5

2.13
2.13
2.13
2.13
2.13
2.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29

2.44
2.44

2,44
2.44
2.44
2.44
2.44

IC
28
3A
3"
3D
4D
58
5C

AVE

28
2C
3A
38
30

3E
4B
5c

950,00
941.91
928.30
935932
941992
972.12
926.72
937.82

941s76

871.59
96C.02
883.35
884,52
887.63
761.02
92&069
89A 0 19

882o38

766o96
797o14
810.8't
784.71
777.o7
750.71
797.89

182.23
192. C6
185.22
192.07
191.44
192.66
184.67
185o89

188.28

199.47
2Ca. 00
189.88
200.61
198.31
187.12
202.54
189.52

195.93

189.44
202.45
192.07
205.83
202.75
202.54
192.92

174.43
180.91
175.66
180.23
179.78
181.29
180.06
175.43

178.47

188.31
186.11
181.84
187.12
186.52
181.0O
189.24
181.24

185.17

186.2?
194.84
187.76
193.28
192.67
194.91
187.03

41.01
27.13
32.49
29.30
30.01
27.43
48.49
29.98

33.23

24.58
25.1b
36.2u
23.81
27.45
41.22
21.6t
35.47

29.44

78.18
32.53
61.43
22.36
27.73
30.57
44.13

2386.6
1827.5
2180.3
2220.8
2326.1
2011.7
1339.0
2374.5

2083.3

1942.6
25C2.4
2154.1
2437.8
2495.7
2212.0
1958.9
2215.5

2244.9

2188.5
1971.2
2134.2
2506.8
2540.5
1994.4
2182.0

AVE

0
Un

IC
2B
3A
38
30
4D
5c

AVE 784902 198.29 190.96 42.42 2216.8



RUN 41329C

44SS FLOW - ,0137 LBMISLC if4.ET VAPJR TEMP - 235.0 DEG F

z
(IN)

12
12
12

24
24
24

KOD HEAT FLUX
LOCATIUNt. (dTUlHR-SJFT)

W&LL SURFACE
(DEG F)

TEMP VAPOP TEMP
(DEG F)

TOTAL POWER

mU IPR**.33

10.24
11.21
15.9:
11.47

2A
4tA
4C
4•E

AYE

I.C'.d

AVE

C>

(ON

39
39
39
39

48
48
48
48

60
6)
60

2A
4A
4C;
4E

AVE

18
it;
40
53

82.99
81.9!
78.22
76.55

79.93

127.59

132.Jd

130.41

201.2b

Z11.2Z

21C.20

237. .
249.48
2b2. 41t

250.47

308.9u

302.21

254.23
252.98
253.97
251 . 95

253.28

264.00
2t)l . 9b
2o5 .i

263.66

289 . 90
289.85
240 . 85
289.90

293.12

308.30
304.11
315.28
312.74

310.11

332. 50
3341 63
32.8 . 54

241. C5
241.09
241.58
241.07

241.20

247.159
?45.74
249.51

247.61

259.89
260.00
261.-6
259.99

260.'?

278.51
273.61
283.35
279.?0

278.67

303.41
3304. 4
3D3.23

12.48
17.97
18.46

16.3L.

10.46

17.88

12.5t

12.09
17.24
1 Oý.6ý)

11.37

14.33

15.51
14. 4t
17.49

1.33 BTU/.EC

REYNOLOS NO.

1482.2
1483.5
3147.5
1484.8

1899.5

1497.7
2580.3
2335.1

2137.7

1423.1
1415.9
3017.0
1421.9

1b19.5

1401.5
2471.8
2244 .b
1379 .G

1874.2

1331.3

1340.3

AVE

AVE 303.27 331.89 333.73 15.82 1329.8



RUN 41329C

INLET VAPOR TEMP -a 235.0 DEG FMASS FLOW w .0137 LBSISEC

z
(IN)

ROD HEAT FLUX
LOCATIOh (STL/HR-SQFT)

67
67
67
67

70
70
70
70
70

71
71
71
71

(67.5)
(67.4)
(67.3)
(66.7)

(70.8)
(70.3)
(71.1)
(70.8)
(70.9)

(71.2)
(71.9)
(71.2)
(71.6)

2A
4A
4C
4E

AVE

1C
20
3C
4D
58

AVE

20
3C
3E
50

AVE

3A
5C

AVE

10
28
2C
0D

3A
38
3C
3D
3E
48
5C
50

334.88
311.71
330.99
325.38

325*74

327.21
322.32
325.23
331.06
332.51

327.67

322.32
325,23
333.47
324.47

326.37

339.06
324.58

333.82

314.69
321.77
307.22
322.32
3 39. v
327.90
325.23
344so48
333.47
322.77
324.58
324o.47

WALL SURFACE TEMP
(WEG F)

342.62
347.85
355.54
342.06

347.02

347o74
356.71
363.21
364.40
349.01

356.21

358.88
364.38
349.13
347 o 76

355.03

355.60
354.48

355.04

342.61
361.10
356.70
356.74
354*37
362• *20

359.24
357.68
347.92
359.90
355.60
347.69

VAPOR TEMP
IDEG F)

318.30
320.84
321o90
317.46

319.63

317.44
331.41
329.51
333.72
327.41

327.90

333.10
331.62
319.42
328.09

328.06

323.00
322.27

322.64

335.79
338.71
336.43
338.62
327.51
337.31
338.78
336.93
326.54
343.17
326.91
334.78

TOTAL POWER =

NU IPR**.33

19.73
16.43
21.63
18.9#j

19.19

21.28
24.0k
20.97
20.24
21.80

21.67

23.56
21.52
22.06
23.37

22.63

20.29
19.93

20.11

65.25
26.93
32.92
33.44
24.57
28.48
34.4C
33.52
30.53
36.06
22.28
35.43

1.33 BTU/SEC

REYNOLDS NO.

1340.3
1245.4
2533.7
1318.9

16C9.6

2332.2
2094.8
2575.2
20044.
1338.9

2069.1

2094.8
2560.3
23C6.4
1540.6

2125.5

2409.3
2423.3

2416.3

1291.5
2170.3
2745.1
2220.9
2468.5
2766.8
2813.9
2721.7
2446.7
2068.7
2477.1
1276.4

72 (71.9)
72 (71.9)

74
74
74
74
74
74
74
74
74
74
74
74

(75.8)
(74.6)
(75.2)
(74.3)
(74.1)
(74*.6)
(75.0)
(74.9)
(74.3)
(75.8)
(74.1)
(74*.9)



AVE 324.00 355.14

0

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
78
78

(76.9)
(76.4)
(75.3)
(76.1)
(75.4)
(77.0)
(76.5)

(76.7)
(76.4)
(76.3)
(75.9)
(76.4)
(77.0)
(76.7)
(76.5)
(76.5)
(75.7)

(78.8)
(76.5)
(77.1)
(77.9)
(77.2)
(78.7)
(77.7)

(78o7)
(79.4)
(78.3)
(79.8)
(78.0)
(78.5)
(78.9)
(78.9)
(78.6)
(78.6)
(77.8)
(78.0)

AVE

2A
28
20
3A
38
3C
3D

4C
4E

AVE

10
2C

20
3C
3E
48
5D

10
2c
20
3C
3E
4B
5D

31'.A* 69
307.22
322.32
325.23
333.47
322.77
324.47

321.45

334.88
321.77
322.32
339.(J6
327*9
325.23
320.48
311.71
330.99
325.38

325.97

314.69
307.22
322.32
325,23
333o47
322.77
324.47

321.45

334.88
321.77
322.32
310.86
339.0o
327.90
325.23
320.48
3i1.71
330.99
325.38
328.58

346.81
361.09
352.27
359.54
34. • 98
362 * 98
347.84

353.36

348.70
360.00
354 . 48
346.75
363.00
363.06
359.99
351.20
361.33
346.59

355.21

351.22
359.24
357.81
367.86
346.62
369.57
352.34

357.81

356.85
369.25
362.11
351.22
352.25
369.99
371 . 95
369.35
359.00
370*01
352.52
353.43

335.12

338.34
338.69
339.93
341.01
328.51
345.12
338.54

338.59

338.16
341.36
341.43
330.75
340.53
342.84
340.27
340.09
341.08
336.38

339.29

342.68
338.88
342.82
344.66
332.13
348.43
341.32

341.56

342.78
347.19
345.17
345.14
335.09
344.69
346.70
344.70
344.89
345o25
341.25
334.58

52.26
29.64
49.21
37.92
45.19
33.64
49.03

42.41

44.61
32.31
46.42
41.37
36.38
34.61
35.12
39.29
35.26
44.88

39.02

51.45
32.66
40.27
30.02
44.90
28.21
41.12

38.37

33.09
26o98
35.43
71.32
38.28
27.76
27.45
27.8G
30.63
28.56
4n. 3t
33.77

2289.1

1297.7
2736.4
2110.1
2822.9
2259.9
2084.4
1277.4

2084.1

1288.4
2128.6
2128.8
2222.9
2695.7
2808.7
2702.,5
1262.1
2676.3
1273.1

2118.7

1296.2
2739.4
2131.1
2790.7
2216.0
2082.9
1281.7

2076.9

128S.1
2112.8
2126.5
1289.1
2185.8
2670.5
2771.6
2678.2
1267.3
2659.G
1284.7
2191.4

AVE

2A
28
2D
2E

3A
36
3C
3D
4A
4C
4E
5c



AVE 324993 361.49 343.12 3 5 ,11 2043.5

84
84
84
84
84
84
84
84

90
90
90
90
90
90
90
90

96
96
96
96
96
96
96

IC
28
3A
38
3D
40
58
5C

AVE

28
2 c

3A
38
30
3E
4B
5c

301.11
298.54
294*.23
296•46
298.55
308.12
293.73
297.25

298.50

276.26
304•29
279.98
280.36
289.34
241.21
291.82
282,15

279968

243,73
2526b6
257.Ou
248.72
246.55
237o94
252.9j

360.01
377.70
365.40
377.72
376.59
378.79
364.40
366.60

370.90

391.04
392.00
373.79
393.10
3d8.95
368*81
396.57
373.13

384.68

373.00
396.41
377.72
402.49
396.95
396.56
379.26

345.98
357.63
348.20
356.41
355,60
358.33
356.11
347.77

353.25

370.96
367.00
359.32
368.81
367.73
357.81
372.63
358.22

365.31

367.20
382.71
369.98
379.90
378.80
382.83
368.65

41.01
Z7.13
32.49
29.31.
30.01
27.43
48.49
29.98

33.23

24.58
25.16
36.2t
23.81
27.45
41.2Z
21.6b
35.47

29.44

78.18
32.53
61.43
22.36
27.73
30.57
44.13

2386.6
1827.5
2180.3
2220.8
2326.1
2011.7
1339.0
2374.5

2083.3

1942.6
2502.4
2154.1
2437.8
2495.7
2212.0
1958.9
2255.5

2244.9

2188.5
1971.2
2134.2
25C6.8
2540.5
1994.4
2182.0

AVE

I
1C
28
3A
3iB
30
4 D
5c

AVE 248°50 388*91 375.72 42.42 2216.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41529D

Test Date: 10/8/80

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2586

(See following pages for additional results.)

C. Comments:

0.146 MPa (21.2 psia)

N/A

0.031 kw/m (0.0094 kw/ft)

0.0082 kg/sec (0.018 lb/sec)

118 0 C (244 0 F)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouples were not used because of reverse heat

transfer and very small temperature differences: 2E, 4E, and 5B at 2.13 m (84 in.),

1D, 2E, and 5D at 2.29 m (90 in.), and 5B at 2.44 m (96 in.).

K-310



4ASS FLOW

.z

(M)

.30

.30

.30

.61

.61

.99

.99

.99

- .65 isGi4Eý.

LUC ATiur4

2A
4A

AVE

ILC

5tE
Sb

AVE

2 A

4A
4L,

AVE

AVC
4,E

AVE

2 A
•At

AVE

kUN 41529D

INLET VAPUk TEMP - 117.9 DEG C

HtAl FLUX AALL SURFACE TEMP VAPIR TEMP
IbA1TISQM) (DEG C) (DEn C)

L:56.12 128.89 120.77
1:7.84 128.89 12X.75
243.67 128.89 P1.02

252.61 128.89 120.84

'26.1.3 133.11 1'3.31
421.J4 134.b2 124.27

J98.62 134.88 124.29

415.30 134.21 123.96

681 ,qd 146 . o 131.M7

o75.77 146.19 131.1
l7.51 149. 18 131.58

o14.91 147.39 131.22

787.13 157.73 138.57
bi,3.83 155.33 141.12

795.4d 156.53 139.P5

984.63 178.13 154.84
924.4i 171.26 155.18
921.55 176.14 155.13

913.54 175.18 155.05

TITAL PrlER w 1.42 KW

4U IPR**.33 kEftiULUS NU.

8.91
8.9Qt

13.57

11. 4 b

16.79
11.34
18.48

12.87

11.77
12.39
15.94

13.27

15.0
14.98

lS.ný

IC.65
14.6C
1 7.20

14.1D

1527.1
1527.3
3241.2

2098.5

2657.8
1542.9
15 42 .3

1914.4

1471.C
1465.4
3it• .3

2015.6

2542.2
1453.1.

1997.6

1363.u
13 0 .8
2892.3

1873.7

I-
tH

1.22
1.22

1 .52
1.52
1.52



RUN 41529D

INLET VAPOR TEMP a 117.8 DEG CMASS FLOW a .0065 KG/SEC TOTAL POWER -

NU /PR**.33

1.42 KW

I

z
(M)

1.70(1.72)
1.70(1.72)
1.70(1.72)

1.78(1.80)
1.78(1.79)
1.78(1.82)

1.80(1.87)
1.80(1.81)
1.80(1.82)
1.80(1.82)
1.80(1.80)

1,83(1.83)
1.83(1.84)
1.83(1.84)
1.83(1.84)
1.83(1.83)

1.88(1.88)
1.88(l.89)
1.88(1.89)
1.88(1.95)
1.88(1.89)
I1,88(1.88)
1.88(1.91)
1.88(1.,89)

1.88(1.90)
1.88(1 .88)
1.88(1.88)
1.88(1.87)

ROD HEAT FLUX
LOCA1iUN (hA1I1SQM)

WALL SURFACE TEMP
(OEG C)

VAPOR TEMP
(DEG C)

2A
4A
4C

AVE

1C
3C
4E

AVE

zC
2D
3C
3E
4D

AVE

lB
20
3C
3D
4D

1017.29
1045.43
h1J6 9 . 9 5

1i644 22

1016.01
1076.93
1,26.36

1i23.69
1063.43
1476. J
idCC0. 52
1068.2u

i646*56

1076,45
1(;63.43

1G76.93
1064.86
1068.20

1069.97

1076.45
1034.33
1099.79
1423.69
1lja3.43
14,46.30
1064. 22
1075.30

992.17
1068.20
1042.6i

OO G.Ot

186.22
183.26
185.32

184.94

182.83
189.60
178.55

183.66

192.60
193.28
190.22
177.33
192*22

189.13

187.79
194.51
191,50
192 -49
190.83

191.43

189.63
186.02
196.25
194.91
194 * 16
182.83
192.07
194.45
193.28
188*38
184.67
178 . 05

164.03
163.92
164.57

164.17

162.95
167.83
167.80

166.19

171.71
172.27
169.08
163.78
171.38

169.64

167.79
173.00
170.29
169.98
172.34

170.68

170.62
171.35
175.84
175.30
174.85
170.50
168.56
173.56
176.04
174.31
168.15
170.35

kEYNOLDS NO.

11.27
13.34
19.71

14.77

17.45
18.71
23.63

19.93

18.37
16.41
19.22
25,36
16.66

19.2to

13.14
15.99
19.09
17.77
18.79

16.90

13.74
17.17
17.32
19.41
17.77
20.78
15.14
19.19
18.57
24.7A.
21. 31
32. 0 1

1362.5
1362.5
2803.5

1842.8

2565.3
3114.1
1565.6

2415.0

3233.5
2444.0
3143.8
2656.7
2581.9

2812.0

1528.9
2505.4
3280.3
3086o5
2387.5

2557.7

1520.8
1561.2
2447.4
2808.0
2577.6
1688.0
2377.3
3138.9
2373.8
2765.0
2696.7
1641.1

AVE

1O
10D
28
2C
2D
Z"E

3A
38
4d
4D
5C
5 U



AVE 1•o48.88 189.56 172.45 19.76 2299.6

1.91(1.92) 1D 1034.33 18b.59 172.33 17.61 1471.8
1.91(1.98) 2C 1623.69 194.50 176.65 21.30 2769.1
1.91(1.92) 20 1(63.43 195.4' 176.36 17.92 2449.8
1.91(1.93) 3E IOCo.52 182.05 169.03 26.04 2350.3
1.91(1.93) 48 992.17 193.25 177.33 20.08 2197.5
1.91(1.91) 40 1068.26 188.61 175.84 27.16 2563.0
1.91(l.93) 50 lcuo.b 179.23 172.67 37.39 1359.2

AVE L026.C6 188.52 174.32 23.93 2165.8

1.93(1.931 18 1076.45 191.76 172.51 13.49 1317.0
1.93(1.95) 2A 1017.29 190.23 174.08 15.19 1297.0
1,93(1.94) 28 1099.79 196.63 178.05 18.96 2137.6
1.93(1.95) 3A 1064.22 190.83 170.83 17.77 2245.2
1.93(1.94) 38 1075.30 193.89 175.61 21.88 2785.9
1.93(1.95) 3C AQ76°93 194.50 175.82 21.44 2850.4
1.93(1.94) 3D 164. o 193.97 175.02 20.9o 2848.3
1.93(1.95) 4A 1045.43 185.27 173.51 21.6c 1306.4
1.93(1.95) 4C 1069.95 192.07 176.22 25.1l 2802.1
1.93(1.93) 40 1668.20 189.77 176.92 26.ql 2217.7

AVE 1065.84 19L.89 174.86 20.33 2180.7

1.96(1.9b) 1D 1034.33 185.28 174.01 22.30 1337.9
1.96(2.02) 2C 1023.69 196.94 178.59 20.59 2742.4
1.96(1.97) 20 1Ub3.43 194.92 178.60 20.90 2167.3
1.96(1.97) 3C 1076.93 195.06 176.93 22.03 2834.7
1.96(1.97) 3E lu•ioO5 181.03 170.76 32.9b 2301.2
1.96(1.97) '.8 992.17 193.89 179.21 21.69 2151.3
1.96(1.96) 5D IGGC.Co 181.30 174.11 35.43 1316.8

AVE i027.30 189.73 176.03 25.13 2121.7

1.98(1.98) 18 4076.4i 192.84 174.97 14.46 1285.5
1,98(2.00) 2A i017.29 195.05 177.01 13.45 13G5.2
1.98(1.96) 28 1499.79 199.01 180.11 18.52 2108.8
1.98(1.99) 20 D063.43 195.11 179.96 22.47 2164.2
1.98(2.C0) 3A 1064.22 193.61 173.34 17.41 2217.7
1.98(1.99) 38 1075.30 196.74 178.20 21.42 2728.0
1.98(2.OC) 3C 107t.93 195.72 178.26 22.81 2829.2
1.98(1.99) 30 1064.8b 193.89 177.54 24.17 2788.5
1.98(2.Oo) 4A iU45.s3 188.14 175.86 20.54 1293.0
1.98(2.00) 4C &069.95 194.50 178.58 24.89 2775.2
1.98(1.98) 4D 1068.20 189.61 179.44 33.90 2175.7



1098(1.98) 5C IC42,65 184.70 172.24 28.14 2327.2

AVE

2.13
2.13
2.13
2.13
2.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29

2.44
2.44
2.44
2.44
2.44
2.44
2.44
2.44
2.44

18
iC
28
3A
38
30
5C

AVE

18
28
2C
3A
38
3E
4B
5C

1063.71

963.46
958.95
981.10
9 8.1.48
948.76
924.73
CP1.,48

951.56

962.23
925.4t
915.*0
924.52
907.80
913.39
903.12
912.32

920.48

7t2.05
816.90
622.E4
813.31
80C.41
821.60
802.12
801.9C
833.38

193.24

193.91
194.50
201.83
196.97
200.61
200.61
188.99

196.78

196.26
208.47
211*44
198.76
217 . 97
195.17
206.16
192.96

202.15

198.95
201.32
212.04
197.30
196o34
212.06
210.27
197.07
195.82

177.12

182.63
178.56
186.76
180.06
184.89
184.23
179.20

182.33

188.70
193.73
191.89
186.32
191.86
184.80
192.54
185.04

189.23

194.93
190.45
200.10
195.20
192.32
197.q5
197.24
193.91
190.85

21.85

20.26
19.79
20.46
18.98
21.98
21,58
32.19

22.13

29.84
19.36
15.85
24.06
2C'.13
28.71
20.55
37.63

24.51

43.91
24.10
20.97
89.85
64.07
20.51

21.77
58.90
54.10

2166.5

1367.2
2418.7
1855.3
2211.6
2265.1
2377.2
2468.9

2137.7

1288.6
1977.1
2547.8
2191.2
2489.8
2270.3
2032.8
2330.1

2141.0

1252.5
2211.9
2010.7
1252.1
2186.0
2563.8
2607.0
1279.0
2252.8

H•
AVE

18
1C

28
2E
3A
3d
30
4E
5C

AVE 806.29 202.35 194.77 44.24 1957.3



44SS FLOW = .0143 LdMlSE(.

Z ROD HEAT FLL
(IH) LO.ULATIU14 (CTUdHk-S.F

12 2A 81.2,
12 4A bi.73
12 4C 77.23

AVE 8G.tC7

24
24
24

39
39
39

48
48

6:

6)
60

IC

5d

AVE

2A

4A

AVE

IC

4tE

AVE

2A
4 A
4VC

AVE

135.006
133.48
126.35

431. t)3

2 16. Oil
214.19
411.57

113. qdý

249.'t9

e 254. 78

j12.09
e93.o0.
/e 92.4)-4

ZY9.Jo

RUN 4152:D

INLET VAPJR TEMP - 2t4.f) rFG F

JX 4NLL SU4FACE TEMP VA4DR TEMP
:1) (DEG F) (DEG F)

2b4.00 249.39
264t.00 249.35
254.CU 149.83

2b4. 00 249.52

27..t0U 253.97
274.32 '55.68
274.79 255.71

273.57 255.12

296.23 267.92
294.15 267.8I
3rJ,).52 268.84

297.3C 268.19

315.91 281.43
311. 59  286.02

313.75 283.72

352.63 310.72
3t 0.28 311.32
3 49.Q4 311.?3

347.32 311.19

TOTbL POWER "

MU /PR**.33

8 . 9 .L
8.94

13.57

10.48

16.79
11.34
10.4b

1?.87

11.71
12 .09
15.94

13.21

15.%2
14.98

15.00

10.65
14.6C
17.2V

14.1.

1.34 BTj/SEC

kEENOLDS HU.

1527*.,.
1527.3
3241.2

2098.5

2657.8
±542.9
1542.3

1914.4

1471.0
1465.4
311u.3

2u.15 .6

2542.2
1453.u

1997.6

1363.0
136!.8
2b92.3

1873.7

I-.
ILji



RUN 41529D

4ASS FLOW a .0143 LB?,/.EC INLET VAPOR TEMP a 244.0 DEG F

z
(IN)

ROD HEAT FLUX
LOCATILN (bTUIHR-SUFT)

0'

67
67
67

70
70
70

71
71
71
71
71

72
72
72
72
72

74
74
74
74
74
74
74
74
74
74
74
74

(67.8)
(67.6)
(67.8)

(70.9)
(70.6)
(71.5)

(73.5)
(71.4)
(71.b)
(71.6)
(71.0)

(71.9)
(72.4)
(72.6)
(72.4)
(72.0)

(74.1)
(74.5)
(74.4)
(76.6)
(74.4)
(74.0)
(75.0)
(74.o)
(74.7)
(74.0)
(74.2)
(73.8)

2A
4A
4C

AVE

iC
3C
4E

AVE

2C
2D
3C
3E
4U

AVE

322.44
331.36
339*13

330.91

322.C3
j41.34
325.95

32r.77

3i4.47
337.Cb
341.34
317.12
338.58

331.11

341.19
337.06
3'1.3.,

337.52
338.58

339.14

341.19
327.84
348.5g9
324.47
337.C6
331.03
337.31
340.62
314.4b
336.5d
331.47
316.Sw8

4ALL SURFACE TEMP
(DEG F)

367.20
31.187
365.58

364.88

361.10
373.29
353.40

362.59

378.69
379.90
374 . 40
351.20
378 .00

372.44

370.02
382.12
376.71
378.48
375 . 50

376.57

373.33
366.83
385.24
382.84
381 . 48
361 .10
377.73
382.01
379.90
371.09
364.4C
352.48

VAPOR TEMP
(DEG F)

3?7.25
327.06
328.22

327.51

325.31
334.10
334.04

331.15

341.09
342.08
336.34
326.80
340.48

337.36

334.02
343.41
338.53
337.96
342.20

339.22

339.12
340.43
348.51
347.55
346.72
338.Q1
335.41
344.40
348.88
345.76
334.68
338.62

TOTAL POWER

NU /PR**.33

11&27
13.34
19.71

14.77

17.45
18.71
23.63

19.93

18.37
16.41
19.22
25.36
16.66

19.20

13.14
15.99
19.019
17.71
18.79

16.96

13.74
17.17
17.32
19.41
17.77
20.78
15.14
19.19
18.57
24.71
21.35
32.01

1.34 BTU/SEC

REYNOLDS NO.

1362.5
1362.5
2803.5

1842.8

2565.3
3114.1
1565.6

2415.0

3233.5
2444.0
3143.8
2656.7
2581.9

2812.0

1528.9
2505.4
3280.3
3086.5
2387.5

2557.7

1520.8
1561.2
2447.4
2808.0
2577.6
1688.0
2377.3
3138.9
2373.8
2765.0
2696.7
1641.1

18
20
3C
3D
4V

AVE

IB
1 U

28
2C
2 u
2E
3A
38
4B
40
5C
5D



AVE 332.45 373.20 342.42 19.76 2299.6

I-

75
75
75
75
75
75
75

76
76
76
76
76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
78

(75.4)
(77.8)
(75.6)
(76.1)
(75.9)
175,1)
(75.8)

(75.9)
(76.7)
(76.3)
(76.9)
(76.3)
(76.8)
(76.4)
(76.7)
(76.9)
(76.G)

(77.()
(79.5)
(77.4)
(77.7)
(77.()
(77.b)
(77.0)

(77.9)
(78.9)
(78.1)
(78.5)
(78.9)
(78.5)
(78.8)
(78.5)
(78.6)
(78.9)
(78.0)

AVE

I.B
2A
2B
3A
38
3C
30
4 A
4C
40

AVE

1D
2C
20
3E
4d
4D
5D

327.84
324.41
337.06
317.12
314.48
338.5b
316.98

325.22

341.19
ýj 2. 44

348.59
337.31
340.82
341.34
337.52
331.36
339.13
338.58

337o83

327984
324.47
337.06
341.34
317.12
314.48
316.98

325.6i

341.19
322.44
348.59
337.06
337.31
34,o * 8Z
341.34
337.52
331.36
339.13
338.58

367.87
382.10
383.79
359.69
379.84
371.49
354.61

371.34

377*16
374•42
385.93
375.50
381.01
382.10
381.14
365.49
377.73
373.58

377.41

365.50
386.50
382.86
383.11
357.86
381.00
357.81

373 . 52

379.12
383.09
390.23
383.20
380.50
386.14
384. 30
381.00
370.65
382.10
373.30

342.19
349.98
349.45
336.25
351.20
348.50
342.80

345.77

342.51
345.34
352.50
339.49
348.n9
348.48
347.04
344.32
349.19
350.45

346.74

345.23
353.47
353.47
350.47
339.37
354.57
345.40

348.86

346.95
350.61
356.20
355.93
344.02
352.75
352.87
351.57
348.55
353.44
354.99

17.61
21.30
17.9Z
26.04
20.t)b
27.16
37.39

23.93

13.49
15.19
18.96
17.77
21.88
21.44
20.93
21.60
25.15
26.91

20.33

22.3U
20.59
20.90
22.03
32.98
21.69
35.43

25.13

14.46
13.45
18.52
22.47
17.41
21.42
22.81
24.17
20.54
24.89
33 .9%;

1471.8
2769.1
2449.8
2350.3
2197.5
2563.0
1359.2

Z165.8

1317.0
1297.0
2137.6
2245.2
2785.9
285C .4
2848.3
1306.4
2802.1
2217.7

218.0.7

1337.9
2742.4
2167.3
2834.7
2301.2
2151.3
1316.8

2121.7

1285.5
1305.2
2108.8
2164.2
2217.7
2728.0
2829.2
2788.5
1293.0
2775.2
217i.7

10
2C
2D
3C
3E
48
50

AVE

18
2A
28
2U
3A
3 B
3C
30
-4A
4 C
4 U



78 (78.1) 5C 33Go47 364.45 342.03 28.14 2327.2

AVE

84
84
84
84
84
84
84

90
90
90
90
90
90

9c
90

96
96
96
96
96
96
96
96
96

18
'C

28
3A
38
3D
5C

AVE

18
28
2C
3A
38
i E

48
5C

337.15

305.38
303.95
3AO. 9 7
311.09
30o72
293.10
301.58

3C3.82

304.99
293.33
294.02
293.03
287.73
289*50
286.25
189.17

2'1.75

241.54
258.92
260.80
Z57.79
253.70
260.41
254.24
254.19
Zt4.15

379.84

381.04
382.11
395.30
386. 55
393.10
393.10
372.18

386.20

385.27
407.25
412.60
389 . 76
4.06.34
383.31
403.10
379.33

395.87

390.12
394.37
413.68
387.15
385.41
413.71
410.48
386.73
384.48

35n.82

360.74
353.41
368.17
356.11
364.81
363.61
354.56

360.20

371.66
380.71
375.60
367.38
377.34
364.65
378.57
365.07

372.62

382.88
374.81
392.18
383.37
378.17
388.31
387.04
381.03
375.53

21.85

20.26
19.79
20.46
18.98
21.98
20.58
32.19

22.03

29.84
19.3t
15.85
24.06
20.13
28.71
23.55
37.63

24.51

43.91
24.10
20.97
89.85
64.07
20.51
21.77
58.9(
54.10

2166.5

1367.2
2418.7
1855.3
2211.6
2265.1
2377.2
2468.9

2137.7

1288.6
1977.1
2547.8
2191.2
2489.8
2270.3
2032.8
2330.1

2141.0

1252.5
2211.9
2010.7
1252.1
2186.0
2563.8
2607.0
1279.0
2252.b

AVE

HO 18
lC

28
2E
3A
38
3D
4E
5C

AVE 256019 39b. 24 382.59 44.24 1957.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43929E

Test Date: 2/24/81

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2755

(See following pages for additional results.)

C. Comments:

0.138 MPa (20.0 psia)

N/A

0.0310 kw/m (0.00945 kw/ft)

0.0086 kg/sec (0.019 Ib/sec)

112 0 C (233 0 F)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouple were not used because of reverse heat

transfer or very small temperature differences: 5C at 2.01 m (79 in.), 5B and 5C at

2.03 m (80 in.) 1C, 3E, 4A, and 5B at 2.13 m (84 in.), 2B, 2C, 2D, 3E, 4B, 1D, 2E,

3C, 4A, and 5D at 2.29 m (90 in.), and all thermocouples at 2.44 m (96 in.).

K-319



RUN 43929E

MASS FLOW = .0059 KGi3E. INLET VAt'OR TEMP I 110.6 DFG C

z

.30

.30

.30

.61
.61

.61

.99

.99

.99

.99

kOu HEAT FLUX
LOCATbIi, tATTlSwM)

2A
4E

AVE

I L
38

AVE

id
2A
4 C
4 E

272.55

276.4-t

271.11

416.0±
418.38

I 10.35

84.87
68z.C4
b101 . 13
675.81

083.4o

lt2.31
795.Go
793.93

797.10

iL16.20
iu4l. 'o4

4ALL SURFACE TEMP
(DEG C)

126. 50
12j.33
124.72

125.52

129.36
131.22
130.51

13u. 37

143.28
1'.b . 17
144 • 91
143.24

144.40

155.01
160.15
152. 18

155.78

168.20
lbb.38
b1937

VAPIR TEMP
(OEG C)

114.74
114.73
114.73

114.73

117.77
119.D7
119.03

118.62

126.34
1?b.3.)
127.15
126.36

126.54

134.35
139.48
138.00

137.28

152.04
152.17
153.71

TOTAL PflWk =

NU /PR**.33

6.63

7.q3

7.24

14.D t
15.12

9.77

12.98

11 .l1i
0.41

16.5b
1i.O0

12.03

14.35
15.7b
14.6u

15.04

16.74
18.4L
26.41

1.44 KW

kEYNULbS NO.

1398.*3
1400.7
14CI1.9

1400.3

2543.2
Zb42.4
14C 7.3

2197.6

1351.7
1347 .b
2790.3
1352.1

17A0.4

2388.2
2459.5
1316.8

c514.8

12o3.6
1262.8
2609 .2

AVE
LC)
Q,

1.22
1.22
1.22

1.52
1.52
1.52

IC
3B

AVE

1cd

AVE 167.98 152.64 2%.51 1711.9



RUN 43929E

INLET VAP&R TEnP a 110.6 DEG CMASS FLOW a .0059 KGISEC TOTAL POWER a 1.44 KW

IF

z
(•N)

1.70(1.68)
1.70(1.69)
1.70(1.68)
1.70(1.69)
1.70(1.69)
1.70(1.70)
1.70(1.71)
1.70(1.70)

1.78(1.79)
1.78(1.76)
1.78(1.78)

1.83(1.81)
1.83(1.88)

1.85(1 .85)

1.85(1.86)

1.88(1.89)
1.88(1.88)

1.91(1.90)
1.91(1.92)
1.91(1.90)

1.93(1.92)
1.93(1.92)

2A
28
2C
2E
4A
48
4C
4E

AVE

2C
3C
30

AVE

3E
5C

AVE

18
2A

AVE

2D
4D

AVE

1D
2E
5D

AVE

10
3A

1033,03
1006o67
1026.88
1031.25
1028.94
1026.3C
1050.30
1032.12

1029.69

1026.88
1008.87
1036.31

1024•02

1030.21
1029.99

1030.10

1050.81
1033.03

10421.92

1035.13
1017.22

1026.18

1023.37
1031.2!
1037.7e

1030.8C

1023037
1036914

ROD HEAT FLUX
LOCATION (V'ATTISCM)

VALL SURFACE TEAP
(DEG C)

170.90
181.04
182. lb
173.51
171.91
160.97
ll.179
176.73

177.38

186,23
201.35
l16.13

191.24

182.40
174.17

178.*8

173.78
176.43

175.i0

188.04
186.71

187.31

178.92
160.88
175.93

178.58

178. 76
181.22

VAPOR TEMlP
(DEG C)

160.97
164.97
16Uo75
161.44
161.83
166.24
163,77
162.14

1629.77

166.35
165.88
167.37

166.53

163.52
168.03

165.78

167.67
167.74

167.71

173.33
173.40

173.36

169.72
170.98
169.79

170.16

170.91
170.43

4U I/R**.33

26.26
23.94
18.53
21.48
25.7p
23.20
22.43
17.68

22.03

19.71
13.63
21.03

17.12

18.65
57.63

38.14

42.87
29,49

36.18

22.97
25.0p

23.99

27.45
25.58
41.84

31.62

32.09
32,53

REyNOLDS NO.

1276.1
2051.6
2575.6
1266.1
1276.8
2030.1
2593.5
1273.7

179209

32.07*3
2851.5
3152.1

3070.3

2986.2
2785.0

2885.6

2122.2
2165.2

2143.7

3139.3
3171.1

3155.2

1809.2
1696.5
1879.0

1794.9

1694*.4
2230.9



1.93(1.92) 30 1036.31 195.01 174.27 18.62 3289.7
1.9311.93) 4A 1028.94 177.78 173.10 54.05 1372.9
1.93(1.93) 48 1026.3C 185.27 178.66 50.54 2150.8
1.93(1.93) 4D 1017.22 186.19 175.96 32.42 2750.8
1.93(1.97) 5C 1029.99 177.89 172o51 65.08 2251.8
1.93(1.93) 50 1037.78 176.49 170.9Z 46.05 1752.6

AVE 1029.51 182.33 173.35 41.42 2186.7

1.96(1.96) 18 1050.81 176.39 172.55 67.47 1577.0
1.96(1.96) iC 1003.04 178o60 17i.81 43.76 2475.3
1.96(1.95) 10 1023.37 179.59 172.53 35.55 1571.3
1.96(1.96) 2A 1033.03 178.65 173.66 50.80 1437.7
1.96(1.95) 2D 1035.13 189.15 176.28 26.13 2553.3
1.96(1.96) 38 1029.15 191.19 179.03 31.49 2285.8
1.96(1.94) 50 1037.78 176.75 171.73 51.09 1666.6

AVE 1030.33 181.47 173.80 43.76 1938.1

1.98(1o99) iC 1003.C4 178.44 172.41 56.46 2375.2
1.98(1o98) 28 1008.67 185.53 178.14 44o37 2374.7
1.98(1.97) 2E 1031.25 181.63 173.98 32.94 1413.6
1.98(1.98) 3A 1036.14 179.80 175.24 76.74 2007.1
1.98(1.98) 38 1029.15 19&.44 180.53 38.61 2236.7
1.98(1.99) 3C 1008.87 207.02 182.*1 14.63 1546.7
1.98(1.98) 4A 1028.94 18c0.8 176.32 66.68 1258o9
1.98(1.98) 4B 1326.30 186.69 181.75 67.15 1945.2
1.98(1.99) 4C 1050.31C 188.11 180.65 48.55 2251.9
1.98(1.98) 40 1017.22 jo6.73 178.63 40.74 2318.3
1.98(2.00) 4E 1032.12 162.06 174.76 34.51 1346.8
1.98(1.99) 5D 1037.78 178.90 174.15 53.06 1465.6

AVE 1025.81 165.51 177.38 47.91 1878.4

2.01(2.00) 2D 1035.13 190.71 178.81 28.08 2280.5
2.01(2.01) 3A 1036.14 183.25 177.09 56.36 2024.3
2.01(2.001 3E 103C.21 182.e7 173.4b 40.36 2086.4

AVE 1033.82 185.34 176.45 41.60 2130.4

2.03(2.02) 28 987.91 188.30 180.42 40.51 2230.0
2.03(2.02) 30 1036.31 193.V3 179.84 27.23 2435.7
2.03(2.03) 4A 998.61 183.63 179.87 64.22 1232.8
2o03(2.04) 4E 1001954 181,.91 177.83 79.11 1320.8

AVE 10064•9 lt15, 69 179,49 52,77 1804.8



2-06(2.04)

2.08(2.07)

2.13
2.13
2.13
2.13
2.13
2.132,13
2.13

2.29
2.29
2.29
2.29

30

AVE

3E

AVE

28
2C
2D
3C
3D
40
5C

AVE

3B
3D
40
5C

AVE

1036.31

1036.31

91, 7,2C

957.2C

987.91
997.1c
992.94
998.22
981.48
983.99
992.05

990.53

955.69
937.86
930.45
944.0C

942.00

194o25

194.25

181.95

161.95

'190.76
193.80
192.12
193.31t
195o L4
192.08
184. b9

191.70

201975
199.91
197.89
191.98

197od8

180.90

180.90

177.99

177*99

186.28
185 2 24
186.09
189,35
185,93
186.18
181.27

185.76

196.04
193.46
194.19
188.21

192.97

28o68

28.68

81.00

81600

7?D53
42.80
52.55
91o69
39.07
53.19
96.31

63,73

59.99
52.42
78.64
81.52

68s14

2378.5

2378.5

2174.8

2174.8

1673.0
2099.9
1674*7
1879.2
2145.7
1893.0
2231.1

194294•

2232.1
2338.8
1892.1
2093.2

2139.0



RUN 't3929E

MkSS FLOW .0129 LBM/itS. iNLEr VAPJR TEMlP - 231.f DEG P

Z ROD HEAT FLUX 4&LL SURFACE TEMP VAPOR TEMP
(IN) LOCATIUN (,1L/HR-SQFT) (DEG F) (DE3 F)

12 IB 80.39 259.70 238.53
12 2A 83.78 257.60 238.52
12 ,rE 87.62 256.50 238.51

AVE 85,(z 257.93 238.52

24 1 C 131.8o 264. 86 243.99
24 :1 132.bl 2b8.2U 246.33
24 5" .25. 7z 260.92 246.25

AVE 130.0c 26t.66 245.52

39 IB 217.01 289.90 259.42
39 4A 21L.18 295.10 259.34
39 4C 219.Ct 292.83 26D.87
39 4 E .i4.2u 289.83 259.45

AVE 216.63 291. 92 259.77

48 IC e 4.3% 311.03 273.84
48 3E e.j2.'s 32a.27 283.17
4H 5 B Z51.o4 305.92 28'1.#1

AVE 252.65 312.41 279.11

60 1B 314.27 334.75 105.67
? A i2.,9 331.48 305.91

3C 30.C9 336.87 38.lb8

AVE 326.82 334.37 3D6. 75

MAT&L POWER -

NU IPR**,33

6.63
7. 1.I
7. 9 j

7.24

14.06
15.12
9.77

12.9b

11.13
9.4,

16.58
11.0e

12.03

14.3:
15.76
14.9b

15.n4

16.74
1 .40
26. 4

20.51

1.3b BTU/SEC

týEYNDLDS NO.

1398.3
14CO.7
14•1.9

1460.3

2543.2
Zb42.4
1407.3

2197.6

1351.7
1347.6
2790.3
13)2.1

171Q.4

2388.2
?459.j
1316.8

2C54 .8

1263.6
1262.8
26J9.2

1711.9



MASS FLOW *

z
(IN)

67 (66.3)
67 (66.7)
67 (66.0)
67 (66.7)
67 (66,5)
67 (66.8)
67 (67.5)
67 (67.0)

70
70
70

(70.4)
(69.2)
(70.1)

RUN 43929E

.0129 LBM/SEC INLET VAPOR TEMP a 231.0 DEG F

ROD HEAT FLUX WALL SUotFACE IEMP VAPOR TEMP
LOCATION (BTUHR-SQFT) (DEG F) (DEG F)

2A 327.43 339.63 321.75
28 319.7C 357.86 328.95
2C 325.48 359.89 321.36
2E 326.86 3'4432 322.bO
4A 326.13 341.44 323.30
48 325.29 357.74 331.24
4C 332.90 359.23 326.78
4E 327.14 3 5 0.i 2  323.85

AVE 326.37 351.28 324.98

2C 325.48 367.21 331.44
3C 319.77 394.43 330.58
30 328.47 367.03 333.26

AVE 324.57 37t.22 331.76

3E 326.53 360.32 326.34
5C 326.46 345.50 334.94

AVE 326.50 352.91 330.40

1B 3339C6 344.80 333.81
2A 327.43 349.58 333.93

AVE 330.24 347.19 333.87

20 328.C9 370.47 343.99
4D 322.42 368.07 344.12

AVE 325.25 369.27 344.06

1D 324o36 354.05 337.50
2E 326.86 357.,8 339.7o
50 328.93 348.68 337.62

AVE 326.72 353.44 338.29

1D 324.3t 353e77 339.64
3A 328.41 358.20 338.77

w,

72 (71.4)
72 (74.0)

73 (73.0)
73 (73.3)

74 (74.5)
74 (73.9)

TOTAL POWER *

NU IPR**.33

26.26
20.94
18.53
21.48
25.70
23.20
22.43
17.68

22.03

19.70
10.63
21.03

17.12

18.65
57.63

38o14

42.87

29,49

36.18

22.97
25.00

23.99

27.45
25.58
41.84

31.62

32.09
32.53

1.36 BTUISEC

REYNOLDS NO.

1276.1
2051,6
2575.6
1266.1
1276.8
2030.1
2593.5
1273.7

1792.9

3207.3
2851.5
3152.1

3070*3

2986.2
2785.0

2885.6

2122.2
2165.2

2143.7

3139.3
3171.1

3155.2

1809.2
1696o5
1879.0

1794.9

1694.4
2230,9

75
75
75

(74.7)
(75.6)
(74.8)

76 (75.6)
76 (75.6)



76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78
78
78
78
78
78
78
78

79
79
79

80
80
80
80

(75.6)
(76.0)
(75.9)
(76.0)
(77.6)
(75.8)

(77.3)
(77.1)
(76.8)
(77.3)
(76.8)
(77.1)
(76.5)

(78.4)
(77.8)
(77.7)
(78.1)
(78.1)
(78.2)
(77.8)
(78.1)
(78.4)
(78.1)
(78.6)
(78.3)

(78.7)
(79.2)
(7806)

(7997)
(79.6)
(79.8)
(80,4)

3D
4A
48
4D
5c
5D

AVE

18
1C

1D
2A
20
38
5D

AVE

I'.

iC
28
2E
3A
38
3C
4A
48
4C
40
4E
5D

328.47
326.13
325.29
322.42
326.46
328.93

326.31

333906
317.92
324.36
327.43
328.09
326.20
328.93

326.57

317.92
319,7C
326o86
328.41
326.20
319.77
326.13
325.29
332.90
322.42
327.14
328.93

325.14

328.09
328.41
326.53

327.68

313.12
328.47
316.52
317.45

383 01
352.01
365.48
3679 14
352,20
34 968

360o19

349.49
353.49
3,55.27
353o57
372.46
376.14
3510 * 14

358o65

353.20
365.9a
358.93
355,64
374.80
404.64
356.15
368.05
371.67
368.12
359. o7
35,0•.2

365.91

375.28
361.85
359.72

365.62

370.93
381.08
362.53
357.63

345.69
343,59
353.59
346872
342.52
339.66

344,02

342.5o
339,45
342.55
344.59
349*31
354.25
341*12

344.134

342.35
352.64
345.16
347.44
350.96
359.63
349.37
359.15
357.16
353o53
346.57
345,47

351.29

353.86
350.76
344.23

349.62

356o75
355.71
355,76
352.09

18.62
54.05
50.54
32.42
65.08
46.05

41.42

67.47
43.76
35.55
50,810

26.13
31o49
51.09

43.76

56.46
44.37
32994
76.74
38.61
14.63
66.68
67.15
48.55
40*74
34.51
53,56

47.91

28008
56.36
40.36

41,60

40.951
27o23
64o22
79.11

3289.7
1372.9
2150.8
2750.8
2251.8
1752,6

2186o7

1577.0
2475.3
1571.3
1437.7
2553.3
2285.8
1666o6

1938.1

2375.2
2374.7
1413.6
2007.1
2236.7
1546.7
1258.9
1945.2
2251.9
2318.3
1346.8
1465.6

1878o4

2280.5
2024.3
2086.4

2130.4

2230.0
2435,7
1232.8
1320,o8

AVE

2D
3A
3E

AVE

28
30
4A
4E

AVE 318,89 368,04 355.08 52.77 1804.8



81 (80.4)

82 (81.5)

84
84
84
84
84
84
84

90

90
90

3D

AVE

3E

AVE

25
2C
20
3C
3D
40
5C

AVE

3 B
3 D
4D
5C

AVE

328.47

328,47

303.39

303.39

313.12
316.04
314,72
316.39
311.09
311.88
314.44

313.96

302.91
297.26
294.91
299.21

298e57

381.b6

381.6b

359,J0

359.50

375.37
380.85
377.81
380.01
383.25
377.74
364.44

377.07

395.14
391083
388.20
377*57

388.19

357,61

357.61

352.37

352.37

367931
365.13
366.96
3 72 .8 4
36b.67
367.12
358.28

366.37

364.86
3a8iO 22
381.54
370.77

379,35

28,68

28.68

81.00

81.00

70.53
42.80
52.55
91.69
39.07
53.19
96.31

63.73

59.99
52.42
78.64
81.52

68.t4

237895

2378.5

2174.8

2174.8

1673.0
2099.9
1674*7
1879.2
2145.7
1893,0
2231.1

1942.4

2232.1
2338.8
1892.1
2093.2

2139.0
U.



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44029E

Test Date: 2/24/81

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2751

(See following pages for additional results.)

C. Comments:

This test was a repeat of run 43929E.

0.137 MPa (19.9 psia)

N/A

0.0307 kw/m (0.00935 kw/ft)

0.0086 kg/sec (0.019 lb/sec)

112 0 C (234 0 F)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouples were not used because of reverse heat

transfer or small temperature differences: 1B at 1.91 m (75 in.), 5B at 1.96 m

(77 in.), 5C at 2.01 m (79 in.), 5B and 5C at 2.03 m (80 in.), 1C, 3E, 4A, 5B at

2.13 m (84 in.), 1D, 2B, 2C, 2D, 2E, 3E, 4A, 4B, and 5D at 2.29 m (90 in.), and all

thermocouples at 2.44 m (96 in.).

K-328



RUM 44JIE

MASS FLOW - .0056 KGISEt, iN4ET VAPOR TEMP - 111.7 DEG :

2

.30

.30

.30

.61
.6b
.61

.99

.99

.99

.99

RIOD HLAT FLUX
LU(ATiUi t6 ATTISuIA)

16
?-A
4 E

AVE

IC
36

AVE

iB
2A
4tc
-tE

AVE

IC
38
5A

AVE

Z73.U0

Z67.8U

410.*94

391.81

40J.34

t76.51
o73.71
o8?.70
667 . t

b15.12

792.52
785 . 3;o
784.24

iU41. 7'.
i023. b,
iU26. 13

WALL SURF ACE TEMP
(UEG C)

127.11
126. 50
125 . 32

126.31

1io. Li
133. 11
131.89

131.70

143.83
147.44
14b. 75
143.83

145.46

155.92
1oZ.06
153.62

157.20

169.87
l108 .'7
171 . 81

VAPOR TEMP
(nE; C)

116. 01
115.99
115.C9

11•. 9

118.90
120.44
120.10

119.81

127.91
127. 89
128.57
127.90

128.07

136.17
140.65
1•9.67

138.83

154.75
154.qO
155.45

TOTAL 0ObEtK

NU /PR**.33

6.92
7.1v
8.37

7.4o

14.33
14.27
9.37

12.66

11.6
9. 4C

15.o.Q
11.49

12.12

14.78
14.99
14.97

i.-2 KW

REYNOLUS NO.

13ý3.9
1335.1
1337.4

1335.4

2329.9
2693.7
1348.1

Z123.9

1282.7
1277.1
2718.0
1282.7

1640.1

2219.0
2492.9
1247.1

1986.4

'.0
1.22

1.22

1 *52

1. *52

1.52

14.91

17. 5b
19.47
24.P3

1196.5
1195.1
2518.3

1636.bAVE AOZ4.76 169.92 155.M3



RUN 44029E

INLET VAPOR TEMP a 111.7 DEG CMASS FLOW a .0056 KG/SEC

CD

z
(M)

1.70(1.68)
1.70(1.69)
1.70(1.68)
1.70(1.69)
1.70(1.69)
1.70(1.70)
1.70(1.71)
1.70(1.70)

1.78(1.79)
1.78(1.76)
1.78(1.78)

1.83(1.81)
1.83(1.88)

1.85(1.85)
1.85(1.86)

1.88(1.89)
1.88(1.88)

1.91(1.90)
1.91(1.92)
1.91(1.90)

1.93(1.92)
1*93(1.92)

2A
2B
2C
2E
4A
48
4C
4E

AVE

zc
3C
3D

AVE

3E
5C

AVE

18
.ZA

AVE

2D
4D

AVE

1D
2E
5D

AVE

1D
3A

1020.42
996.35

1014.34
1018.67
1016.38
1013.77
1037.48
1019.52

1017.12

1014e34
996.56

1023.67

1011.52

1017*63
1017.42

1017.52

1037.98
1020.42

1029.20

1022*5Q
1004.80

1013.65

1010088
1018.67
1025.11

1018*22

1010.88
1023.49

ROD HEAT FLUX
LOCATION t*ATTISQM)

WALL SURFACE
(DEG C)

172.72
182.91
184.46
174.88
173.67
183.44
184.07
178.47

179.33

188.93
204.81
188.97

194.23

184.59
176.13

180.36

175.27
178.34

176.81

190.81
189.35

190.08

180*50
182.79
177.91

180.40

180.39
183.36

TEMP VAPOR TEMP
(DEG C)

163.42
167.5t!
153.01
163.83
163.85
168.39
165.87
164.47

165.04

168.72
167.83
169.75

158.77

165.81
169.83

167.82

169.7n
169.76

169.73

175.85
175.83

175.84

171.56
172.85
171.6f)

172.00

172.69
172.07

TOTAL POWER -

NU /PR**.33

27.54
?1.43
18.16
23.04
25.92
22.27
21.8e
18.11

22.29

19.01
10.0r.

16.38

18.4i
55.22

36.81

46.15
29.3

17. 7.,

22.1:)

?4.14

23.1'.

27.78
25.0•

30.9:

32.17
30.5b

REYNOLUS NU.

12i4.1
1959.9
2464.6
1205.5
12417.2
1942.2
2482.4
1212.1

1712.2

3C59.5
2725 .-
3Cý5.4

29;9.9

2848.6
2062.4

2755.5

2028.3
2067.5

2;47 .9

2991.7
3024.1

3w(17.9

1731.1
lbl.6
1796.9

1716.5

1621.8
2.34.1

1.4Z KW



1.93(1.92) 30 1023.61 198.16 176.72 17.6J 3129.3
1.93(1.93) 4 A li6.3d 179.79 174.58 47.66 1314.9
1.93(1.93) 48 1013.77 187.83 180.99 47.93 2053.1
1.93(1.93) 4D 1004,80 188.88 178.41 31.08 262£..4
1.93(1.97) 5C 1017.42 179.95 173.97 57.47 2157.2
1.93(1.93) 5D 1C25.11 178.38 172.66 44.03 1676.5

AVE 1$16.94 184.b0 175.26 38.57 2088.4

1.96(1.96) 18 1037.98 177.70 174.28 74.59 15(7.6
1.96(1.96) iC 990.80 180.39 172.50 42.5. 2368.9
1.96(l.95) 1D 1010.88 181.36 174.25 34.7? 1?(3.7
1.96(1.96) ZA 1020.42 180.39 175.36 49.51 1374.4
1.96(1.95) 20 li22.50 191.7Z 178.84 25.5t 2431.6
1.96(1.96) 3B 1016.59 193.86 181.44 30.25 2179.6
1.96(1.94) 5D 1025.11 178.56 173.42 48.98 1594.4

AVE 1017.75 183.43 175.73 43.74 1851.4

1.98(1.99) 1C 990.80 180.14 174.01 54.67 2274.0
1.98(1.98) 28 996.35 187.79 180.71 45.49 2201.5
1.98(1.97) 2E 1018.67 183.25 175.67 32.6b 1351.7
1.98(1.98) 3A 1023.49 181.99 176.73 65.3b 1922.2
1098(1.98) 38 1016.59 193.25 182.97 36.5L 2132.8
1098(1099) 3C 996.56 217.42 184.56 10.81 1459.2
1.98(1.98) 4A 1016.38 182.20 177.75 55.54 1205.1
1098(1.98) 48 1013.77 189.18 184.12 64.3b 1856.7
1.98(1.99) 4C 1037.48 191.41 183.114 45.86 2148.9
1.98(1.98) 4D 1004.80 189.19 181.11 4n.13 2Z20.3
1.98(2.00) 4E 1019.52 183.72 176.39 33.79 1287.1
1.98(1.99) 50 1025.1i 180.45 175.73 53.05 14LZ.2

AVE 1013.29 188.33 179.40 44.85 1792.5

2.01(2.00) 2D 1022.50 193.30 181.40 27.55 2171.Z
2.01(2.01) 3A 1023.49 185.27 178.59 51.0b 1938.b
2.01(2.00) 3E L1(.L7.63 184.01 175.02 37.99 1996.5

AVE 1021.21 187.53 17A.34 38.87 2C35.5

2.03(2.02) 28 975.85 190.64 183.01 41.1(. 2123.4
2.03(2.02) 3D 1023.67 196.94 182.36 ?5.8. 2319.b
2.03(2.03) 4A 986.42 185.44 181.35 58.r'3 1i79.9
2.03(2.04) 4E 989.32 182.69 179.45 74.0j 1262.3

AVE 993981 188.93 181.54 49.73 1721.3



2*06(2.04)

2008(20071

2.13
2.13
2.13
2.13
2,13
2.13
2913

2.29
2029
2.29
2.29

3D

AVE

3E

AVE

2B
2C
20
3C
30
40
5C

AVE

3B
3D
4D0
5C

AVE

1023.67

1023.67

945.52

945.52

975.85
984.93
980.82
986.03
969.50
971.98
979.94

978.44

944.02
926.41
919.10
932.48

930. 50

197.20

197.20

183.75

183.75

193.27
196.84
194.50
197.54
197.98
194.57
186.64

194.48

204.31
202.45
200.47
194.11

200.33

183.44

183.44

179.61

179.61

188.99
187.89
188.78
192.00
188.57
188.80
182.81

188.26

198.64
196.52
197.38
189.85

195.60

27.29

?7.29

76.24

76.24

72.27
4n.16
54.34
64.5i
37.47
53.41
84.59

58.1,

59.35
55.9L
92. 3Z
7n.97

69.64

22 b .6

2265.6

2081.9

2081.9

1593.7
2U00 .3
1595.7
1790.3
2044.3
1802.8
2136.7

1852.0

212t.6
2223.5
1799.7
20u0.7

2037.6

(-h



tISS FLOW D.0124 L6MI,•.E

Z IJD
(IN) LUC ATiua

12 LB
12 2A
12 4E

AVE

24 Ic
24 3
24 5

A VE

39 16
39 iA
39 4C
39 4tE

AVE

48 iC
48 3
48 58a

AVE

61 18
bi 2A
60 4C

AVE

RUN 44"24E

INLET ViO;I TEMP a 233.n DEG I

HcAI FLUX WALL SURFACE TEMP VAPIOP TEMP
(uol /HK-St-T) (IEG F) (OF; F)

85.33 26).80 740.8n
82. 7t) 2j9 . 70 240.179
86.5) 257.58 240.7P

84.88 259. 36 240.79

130.25 266.20 246.02
130. 99 271. b6 ?49.379
•.L4.19 269.40 248.18

12b.46 269.07 O47.67

214. '2 29).90 262.24
213.54 297.40 252.19
21b.39 296.14 263.43
21.59 24j.9C 262.21

e13.9d 293.83 262.52

21)1.±9 :i2 .bb 277.11
248.9Z 3?3.70 235.17
248.57 308.52 283. 41

249. 5b 314.9t 281.90

330.19 337.76 310.56
4id.lb 334.53 310.81
J26.06 341.26 311.82

3.4.8v 337.85 311.16

TnTAL P0ER-

NU /DR**.33

6.92
7.1u
8.37

7.4b

14. 33
14. 27

9.37

1?.6b

11.66
9.4(

15.94
11.49

17.12

14.78
14.99
14.97

14.Q1

17.5b
19.47
24.83

2' .6

1.35 LTUi3EC

ikEYNLLDS NO.

1333.9
1335.*
1337.4

1335.4

2329.9
2693.7
1348.1

2123.9

1282.7
1277.1
27ý8.0
1282.1

1640 . I

2219.C
2492.9
±247.1

1986.4

1196.5
1195.1
2518.3

1636.6



MASS FLOW -

z
(IN)

67 (66.3)
67 (66.7)
67 (66.0)
67 (66.7)
67 (66.5)
67 (66.8)
67 (67.5)
67 (67.0)

70
73)
70

(70.4)
(69.2)
(7001)

L~o

RUN 44029E

.0124 LBMISEC INLET VAPOR TEMP a 233.0 DES F

ROD HEAT FLUX WALL SURFACE TEMP VAPOR TEMP
LOCATION (STU/HR-SQFT) (DEG F) (DEG F)

2A 323.43 342.89 326.16
28 315.80 361.24 333.5n
2C 321.5U 364.02 325.41
2E 322.87 346.79 326.89
4A 322.15 344.61 326.93
48 321.32 362.20 335.10
4C 328.84 363.32 330.57
4E 323.14 353.24 328.05

AVE 322.38 354.79 329.f8

2C 321o50 372.07 335.70
3C 315.87 400.65 334.09
3D 324.46 372.14 337.55

AVE 320.61 381.62 335.78

3E 322,55 364.26 330.46
5C 322.48 349.03 337.70

AVE 322.51 356.64 334.C8

18 329o00 347.49 337.45
ZA 323.43 353.01 337.56

AVE 326.21 350.25 337.51

2D 324.09 375.47 348.53
4D 318.48 372.82 348.49

AVE 321.28 374.15 348.51

ID 320.41 356.90 340.81
2E 322.87 361.02 343.14
5D 324.92 352.23 34f.AS

AVE 322973 356.72 341.61

1D 320.41 356.71 342.84
3A 324.40 362.06 341.72

72 (71.4)
72 (74.0)

73 (73.0)
73 (73o3)

74 (74.5)
74 (73.9)

TnTAL POWtER

NU IPR**.33

27.54
21.43
18.16
23.04
25.92
22.27
21.8e
18.11

22.29

19,ni
1040c;

20.14

16.38

18.41
55.22

36.F8

46.15
29.35

37.75

22.15
24.14

23.14

27*7b
25.05

3ý.17
30.5L

1.35 BTU/SEC

FKEYNOLOS NO.

1214.1
1959.9
2464 .6
12C5.5
1217.2
1942.2
2462.4
1212.1

1712.2

3059.5
2725 .ij

2929.9

2846.6
2662.*4

2755.5

2028.3
2067.5

ZC47.9

2991.7
3L24.1

30C7.9

1731.1
1621.6
1796.9

1716.5

1621.8
2134.1

75
75
75

(74.7)
(75o6)
(74.8)

76 (75.6)
76 (75.6)



76
76
76
76
76
76

77
77
77
77
77
77
77

78
78
78
78
78

78
78
78
78
78
78
78

79
79
79

83
80

8)

(75.6)
(76.0)
(75.9)
(76.0)
(77.6)
(75.8)

(77.3)
(77.1)
(76.8)
(77.3)
(76.8)
(77.1)
(76.5)

(78.4)
(77.8)
(77.7)
(78.1)
(78.1)
(78.2)
(77.8)
(78.1)
(78.4)
(78.1)
(78.6)
(78.3)

(78.7)
(79.2)
(78.6)

(79.7)
(79.6)
(79.8)
(80.4)

3D
4A
48
40
5C
5D

AVE

lB
IC
1D
ZA
2D
38
5D

AVE

U,o

1c
28
2 E

3A
38
3C
4A
48
4C
4D
4E
5D

324.46
322.15
321.32
318.48
322.48
324.92

322.33

329.00
314.04
320.41
323.43
324.09
322.22
324.92

322.58

314*04
315.80
322.87
324.40
322.22
315.87
322o15
321.32
328.84
318.48
323o14
324-.92

321.17

324o.9
324.40
322.55

323.68

309.30
324.46
312.65
313.57

388.69
355.63
370.09
371-99
355.92
353.09

364.27

351.86
356.70
358.45
356.71
377. 10
380 . 96
353.41

362.17

356.25
370.02
361.86
359.58
379.85
423.35
359.96
372.52
376.54
372.54
362 . 69
356.81

371.00

379.93
365.49
363.22

369.55

375.15
386.50
365.79
360.85

351.09
346.24
357.79
353.14
345.15
342.79

347.47

345.71
342.5C
345.65
347.65
353.91
358.60
344.16

348.31

345.22
357.28
348.20
35n.12
361.35
364.20
351.96
363.41
361.48
358.00
349.50
348.32

354.92

358.51
353.46
347.04

353.00

361.43
36n.25
358.42
355.02

17.6bo
47.6b
47. 9 3
31.0•
57.47
44.03

38.57

74.59
42.51
34.75
49.51
25.58
30.25
48.Q8

43.74

54.67
45.49
32.6b
65.3b
36.5ý
10.81
55.54
64. 3b
45.86
40.13
33.79
53.05

44.85

27.5•
51 .1)b
37.99

38.87

41.IC
?5. 8 t,
58.f'3
74.01

3129.3
1314.9
2(53.1
26iC.4
2i157.2
1676.5

2L88.4

1507.6
23bb .9
15 (3.7
1374.4
2431.6
2179.b
1594.4

1851.4

2274.0
2261.5
1351.7
1922.2
2132.8
1459.2
12 I). 1
1856.7
2148.9
2208.3
1287.1
14 Z. 2

1792.5

2171.2
1938.8
1996.5

2(35.5

2123 .1
23i9.6
1179.9
12t,2 .3

AVE

20
3A
3E

AVE

28
3D
4A
4E

AVE 315.0c) 372.07 358.78 49.73 17Z1.3



81 (80.o) 30 324.46 386.96 362.19 27.29 2265.b

AVE 324.46 386.96 362.19 27.29 2265.6

82 (81.5) 3E 299.69 362.75 355.30 76.24 2081.9

AVE 299.69 362.75 355.30 76.24 2C81.9

84 28 309.30 379.89 372.18 7?.27 1593.7
84 2C 312.18 386.31 37n.21 4).16 2OC( .3
84 20 310.88 382.10 371.81 54.34 1595.7
64 3C 312.53 387.58 377.60 64.51 179C.3
84 3D 307.29 388.37 371.42 37.47 2044.3
84 4D 308.08 382.22 371.84 53.41 1602.8
84 5c 310.60 367.95 351.05 84.59 2136.7

AVE 310.12 382.06 370.87 58.11 1852.0

90 38 299.21 399.75 389.56 59.15 2126.6
9D 30 293.63 396.41 385.73 55.9, 2223.5
90 4D 291.31 392.85 387.28 92.32 1799.7
90 5C 295.56 381.41 373.73 7A.9 7  2.CC.7

AVE 294.93 392.60 384.08 69.64 2037.6

ON



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41229F

Test Date: 6/19/81

Test Type: Steam Cooling

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

B. Summary Results:

Inlet Reynolds number: 2724

(See following pages for additional results.)

C. Comments:

0.1414 MPa (20.51 psia)

N/A

0.029 kw/m (0.0089 kw/ft)

0.00853 kg/sec (0.0188 lb/sec)

113.2 0 C (235.8 0 F)

N/A

N/A

Condensation in the injection line and lower plenum, downstream of the flow

measurement location, reduced the steam flow into the bundle.

The following heater rod thermocouples were not used because of reverse heat

transfer: ID and 2E at 2.29 m (90 in.) and 2E, 4A, and 5B at 2.44 m (96 in.).

K-337



MASS FLOW

z
CM)

.30

.61

'99
.99
.99

, .-. 57 KGI/ts.

ROD
LOCATIUIi

4c

4E

AVE

3E

AVE

16
2A
4C

AVE

1C

?E

3E

AVE

2A

AVE

RUN 41229F

INLET VkPOR TEMP - 113.3 DEG

HLAI FLUA 4ALL SURFACE TEMP VAPOR TEMP
(hAMIS'.M) (DEG C) (DEG C)

26,.70 125.37 117. f
2468.7 125.33 117.21

2it.74 125.35 117.26

311.89 13).37 120.02

371.89 132.37 12.,'2

t)44.6t 14b.7Z 128.54
o11.91 148.07 128.51
t55. ot141.44 1?8.81

637.3b 147.41 128.62

738.17 159.00 136.25
740.b5 158.35 139.39
735.89 lib.55 139.22
727.59 152.89 136.29

735.5b l6b.70 137.79

907.93 175.45 153.57
927.41 17b.75 153.71
969.90 lo5.15 153.79

935.10 112.45 153.69

T)TAL POWER - .1.3: KW

NIl /DR,*.33 .EYNULUý. Nu.

14.56

8.74

11.65

14.00

14.01.

9.68
8.52

14.89

11.03

11.89
16.06
11.26
16.19

13.85

1ý.51
11.17
21.93

14.2t

2898.7
13b1.2

2129.9

2370.4

2370.4

13•1.t

277U .5

1790.7

2L51.9
2665.6

1281.7
2271.6

2117.7

1213.3
12t6 .9
1229.3

1216.5

wLo
00

1.22
1.22
L.22
1.22

1. 52
1.52
1.52



RUI 4122(F

INLET VAPLJI TEAP a 113.3 UEG L,MASS FLOW - .0057 KGISEC TOTaL POWEk

NU /PR**.33

1. 35 KW

z
(M)

ROD HEAT FLUX
LOCATIJN (WATTISOM)

1.70(1 .67)
1.70(1.70)
1.70(1.70)
1.70(170)
1.70(1 .70)

1978(1 77)

1,78(1.78)

1.80(1.80)

1.88(1.87)

1i91(1.93)
1091(1089)
1091(1.90)
1.91(1.89)

1,93(1.93)
1.93(1.94)
1.93(1.94)
1.93(1.92)
1.93(1.94).
1.93(1.93)

1.96(1, 9 5)
1996(l.95)
1.96(1 95)

2A
28
48
5C
50

IE

3C
4E

AVE

30

kVE

40

AVE

960.34
968.61
966.66
971.44
964.42

966.29

977.67
971.66

974966

993.22

993.22

964.48

964.48

976.68
970.07
961.27
964.48

968.12

970.C7
978.33
966.66
964.48
971.44
964.42

969.23

976.68
970.07
960.34

1B

2D
40

WALL SURFACE TEMP
(bEG C)

180,39
ýb6.81
1.909 2d
174.28
173.b9

1l1. 13

167.05
161.61

184-33

.8 7. 1

187.,

iAPOR TEMP
(DEG C)

AVE

10
2E
48
40
5C
50

1o8.4'1

lb 8. 41

184o,5
165.28
188.88
186,95

18b, 79

18 4.3
17d.18
lb9-4tZ
169-62
179.71
lbl.6J

lo3.76

lb3.21
lbbe 3

REYNOLDS NO*

161.06
165.26
166,55
158,33
183.14

162 .87

165.77
166.57

166* ±7

168.13

168s13

172.7U

172.70

169.29
169.10
172.70
173.39

171.13

17u.52
170e43
178.76
174,7
171,.27
171.23

172.81

1 7 .99
171979
171.93

12.37
14.85
13.38
21.20
2.Z48

16.86

17°5t)
15.94

16.72

19.76

19.76

20.04

20.04

16.21
14.67
19.4,
23.19

17.63

17.54
31.12
29.33
21.97
39.03
22.10

26.8C

16.78
2)*77
16.22

1211.2
1997.5
1978.6
2064.2
1193.5

1689.0

3014.6
1736.7

2375.7

3346o7

334697

3545.0

3545.0

2221.4
1994.0
3429.7
3494.1

2784.8

1763.Z
1597,8
2066.8
3106.9
2444.3
1846.2

2137.5

1722.8
1599.5
1440,2

AVE

18
1D
2A



1.96(1.96) 28 968.61 i92.65 176.27 19.1( 2424.0
1.96(1.95) 20 961.27 169.Ga 175.22 22.67 2517.5
1.96(1.95) 38 973.31 193.89 177.19 21.66 2241.1
1,96(1.96) 5B 979.22 179,e0 173.45 41.76 1372.8

AVE 969.93 187. J7 173,83 22.71 1902.5

1.98(1.97) iC 962.94 Lb3.i1 171.30 ?6.84 2490.1
1098(1.98) 2A 960934 188..7 173,58 15.93 1348.1
1.98(1.98) 2B 968.61 i93.28 177,09 19.29 2328.7
1.98(1.98) 3A 964.42 L87,48 173.88 22.85 1885.0
1.98(1.97) 4A 975,19 lb5.70 174.62 21.37 1244.5
1.98(1.99) 48 966,66 191*45 180.27 27.81 1884.1
1098(1.99) 4C 1007.17 191,4.i 179.76 32.1Z 2083.Z
1.98(1.97) 40 964.48 189.61 177,50 25.78 2412.9
1.98(1.99) 4E 971.66 i87.77 173.50 16949 1401.9
1098(1.99) 3C 971,44 162.83 173.56 35.29 2187,6
1.98(1.99) 5D 964.42 186.34 173.83 18.7± 1511.3

AVE 970.67 i88.00 175.35 23.86 1888.9

2.01(2.31) 1B 976.68 166.99 173.31 17.32 1517.2
2.0C1(2.0n) iC 962.94 ib4.05 174.50 28.06 2403.6
2.01(2.00) 2C 958.21 194.38 177.,*2 21,98 2520*0
2.01(2.00) 2D 961.27 191.39 177.67 22.63 2160.3
2.01(1.99) 2E 978.33 177.88 173.24 51.86 1324.3
2.01(2.00) 3A 951.71 ±90.18 175.31 21.27 1906.9
2.01(2.00) 38 973.31 197.55 179.ý6 19.93 2124.4
2.01(2.02) 3D 993,22 196,20 179.18 21,5± 2185.6
2.01(2.01) 48 966.66 192.66 180.81 26.18 1858.6
2.01(2.01) 58 979.22 180.5? 176.07 53.67 1282.7
2.01(2.01) 5C 971.44 i84.67 174.1 33.04 2170,1

AVE 971C.27 108,77 176.3i 28.77 1950.3

2.03(2,03) 18 976.6e 1079bl 174,75 18.37 1459.1
2.C3(2,03) iC 930.41 184.87 173,63 28.28 2354o4
2.9,3(2.03) 28 933.74 196.33 179.16 17.40 2199.2
2.03(2.03) ?0 956,02 .92,31 178.88 22.93 2081.5
2.03(2.02) 3C 959.56 i9d.d7 L83.09 22.26 1375.5
2.03(2.04) 3D 95C.97 196.94 180.57 21.39 2135.9
2.03(2.02) 4A 913.26 ±b6.25 177.77 23,• 1209.9
2.03(2.03) 4E 932,93 189.56 176..L9 1b.8p 1350.9

AVE 944.2C 199.84 178.03 21.05 1770.8

2,06(2.05) 3 E 919061 lb 4.b8 175.54 33.72 2033.1



AVE 919,61 164.68 175.54 33.72 2033.1

2.13

2.13
2.13
2.13
2.13
2.13
2.13
Z.13
2.13
2.13

2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.29
2.Z9
2.29
2.29
2.29

2.44
2944
2o44
2o44
2o44
2e44
2.44
2o44
2e44

'C
2B
2D
3C
3D
3E
4A
4D
5B
50

fE

28
2C
20
3 A
38
3C
3D
4A
48
4D
5B
5c

930.41
933o74
956.,2
959,56
950,97
919,61
913.26
95q913
930o61
926.8e

938.iG2

841036
870.84
866,25
852.32
883.2e
900.57
877.18
895.14
873.45
912.18
877,32
851,48

875.11

756.76
760032
749.C 8
759.82
796.84
764.03
779.66
779,66
763,44

189.01
199.93
196.33
2(.2.57
199.98
187.78
192,j2
19 7o66
185.9
192,06

194.37

4066 15
2#.;4. 28
4(ý3.65
ZA#~.19
211.19

iC9.67
., 7. 40

2u6.77
2L .,65
192.56
1i97. 54

203.62

195.34
207.99
205,96
i13.d7

I95t. t3
290. 02

197.4%)

178.77
183.91
184.63
187.89
185020
179.63
184.11
185,.4
184.84
182.21

183,49

191. CO
191.24
192.31
189.55
193.05
194,19
192,11
191,U6
193.32
193.33
189.45
187.12

191,59

192.36
197.60
199.12
199,94
198.29
192.72
199.92
200.27
194,38

30.11
18o45
25.96
23.67
23.46
37.42
25.74
25.60
73.17
22.42

30.60

18.20
24.01
23o77
23.52
17.30
20,69
2f.52
39.45
2).11
21.20
66.45
28,08

26.94

82.12
25.4!
33.67
19.13
23 .4.C
91.08
24.57
25.33
69.56

2189.3
1653.2
1610.1
1810.2
2u38.5
2125.7
1191.3
1812•6
1256.1
1282.3

1696.9

1777.8
2242.7
1758.7
1921.8
2164.4
2193.3
2237.5
1136.0
1784.4
1815.6
1178.5
2005.6

1851.4

1951.1
229802
1800.8
230607
2299.2
1974.Z
1797.9
1818.4
1943.1

N

-'S

H•

AVE

IC
2C
20
3C
30
3E
4B
4D
5c

4VE 76 7,73 Z;0 5. 12 797720 43.92 2021.1



'IASS FLOW , .0126 LBMi/.ýE

Z ROD HEAT FLU

(IN) LOCATiuvi (131UI/Hk-SJF

1z NC b a. 9%
12 E 7t.6:

AVE b1. 36

24 3E 117.87

AVt 117.87

39 1b 201.33

39 ZA 193.97

39 , C ZG 7,7

AVE 2 0 2 .

48 IC 233.91

48 2C 234.75
48 ZE 233.ei
48 3E 230.tZ

AVE 233.1I

60 11 287.77

61 A "93.97

60 4E 3U?7.42

AVE 296.39

kUN 41229F

INLET VAPOR TEMP - 236.0 DEG F

'A 4 LL SUAFALE TEMP VAPOR TEMP

T) (DEG F) (DEG F)

Z57.b 6 243.15
2 5 7.6u 242.98

257.63 243.07

2ob. bb 248.)3

2b6.66 ?48.03

296.09 263.37
298.53 253. ? ?
297.3q 263.85

297.34 ?53.51

318 .20 277.25

317.03 282.90

313.8(0 282.59
307.20 277.32

314 .G6 281. 2

347.81 3f8.43
350.15 308.68

329.28 3)8.83

342.41 308.65

TOTAL POWER s

MU /PR**.33

14.5o
8.74

11.6.

14.00

14.OC

9.6b
8.52

14.899

11 .3

11.89

16.0o
11.2(-
16.19

13.85

11~.51I
10.17

21 .92

14.20

i.2b 14TU/SEC

KEYN0LUS NU.

Z898.7
1361.2

2129.9

2370.4

2370.4

1301.6

a77C .5

1790.7

2251.9
2bb5.6
128617
2271.6

211i7.7

1213.3
1208.9
1229.3

1216.5



RuN 41229F

INLET VAPuR lEAP * 236.0 DEG FMASS FLOW - .0126 LBMISEZ

z ROD

IS

(IN) LOCATIO4

67 (65.7) 2A
67 (66.8) 2B
67 (67.1) 4B
67 (67.1) 5C
67 (66.9) 5D

AVE

70 (69.5) 3C
70 (70.0) 4E

AVE

71 (70.7) 30

AVE

74 (73.6) 40

AVE

75 (74.7) 18
75 (7495) 10
75 (74.7) 20
75 (74.4) 40

AVE

76 (75.8) 10
76 (76.4) 2E
76 (76.2) 4B
76 (75.5) 40
76 (76.2) 5C
76 (75.9) 50

& VE

77 (76.9) lB

77 (76.8) 10
77 (76.9) 2A

HEAT FLUX
(BTUIHR-SC-FT)

304,39
3074C1
306.39
307.99C
305.68

306.27

309.88
307.97

308.93

314.81

314.81

3C5.7C

305.7r.

309.57
307.47
304.68
305,7C

306.85

307.47
310*C9
306.39
305.7C
3C 7 v 9C,
3C5.68

307.20

309.57
307.47
304.39

(uEG F)

356. 70
3t08. 25
374. iG
345.70
344.99

35b.j3

36b. od
358. 90

3t3.79

368. *b

368.98

371.13

371.13

363.30
ý$65. 50
371.98
372.11

368.22

363.29
352.73
372.96
373.31
355.48
358.69

3t2.77

365..j5
361.77
367.39

(WEG F)

321 .92
329.46
331.79
317.)0
325065

325 .16

330.38
331.63

331.10

331. 64

334.o3

342.b6

342.66

336.73
336.38
342 .96
344,.0

340,u4

338.94
33o.78
353.78
346,4U
340.Z8
34u.22

343.UJ7

339.79
341 .22
341.47

WALL SUkFACE TEMP VAeUR rElP

TOTAL POWER "

HU /PR*;.33

12.37
14.585
13.38
21 .20
22.48

16.86

17.50
15.94

16.72

1.),76

19.76

2).004

20.04

16.21
14.67
19.4,
20.19

17.63

17.54
31.12
2?.33
21.97
39.03

26.80

16.78

16.22

1.28 BTU/SEC

REYNOLDS NO.

1211.2
1997,5
1978o6
2064.2
1193.5

1689.0

3014.6
1736.7

2375.7

3346.7

3346.7

3545.0

3545.0

2221.4
19949.0
3429.7
3494.1

2784.8

1763.2
1597.8
2066.8
3136.9
2444.3
1846.2

2137.,

1722.8
1599.5
1443.2



77
77
77
77

78
78
78
78
78
78
78
78
78
78
78

79
79
79
79
79
79
79
79
79
79
79

80
80
80
80
80
80
80
ec

(77.2)
(76.9)
(76.7)
(77.0)

(77.7)
(78.0)
(78.0)
(78.0)
(77.7)
(78,4)
(78.2)
(77.5)
(78.3)
(78.3)
(78.2)

(78.9)
(78.8)
(78.6)
(78.9)
(78.5)
(78.9)
(78.9)
(79.5)
(79.0)
(79.1)
(79.3)

(80.0)
(80.0))
(80.1)
(79.9)
(79.6)
( 81. 5)
(79.7)
(80.1)

28
20
38
58

AVE

1c
2 A
28
3A
4A
48
4C
4D
4E
5C
5D

AVE

Li.

18
1c
2C
20
2E
3A
38
3D
48
5B
SC

307.C 1
304.66
308.50
310.37

307.43

3C5.21
304.39
307.01
305.68
309.09
306.39
319.23
305.7oC
307.97
307. 0
30 5.68

307.66

309.57
305.21
303.71
304.6P
31,0..C9
301.65
308.5C
314.81
3C6.30
310.37
307.90

307e53

309.57
294.9C
29 5.99L
303.C2
304.14
301.42
289.46
295.7C

299.27

37b. 11
312.20
38 1. aL
a,ý4. 55

368'.72?

362.14
37Q. 7L
j79. 90
37i(. 36
366?.26

376.61
37b..; 3
373.3J
3o9.49
361.10
367.41

37(.39

368.i9
363.33
381. 88

376. ,0
3J2.16
374.33
367.0
385. 1
37b.79
356.93
364. 4u

371. 79

369,70
364.71

385.40
378. 1:5
389.96
ý)8t. 49
370.85
373.21

377.32

349.29
347.39
350.94
344.21

344 .9O

34)* 35
344.4'.
350.7b
344.98
346 .32
35o..48
355 .. 5
351.50
344.3,0
344.41
344*90

347.64

343.96
3 42,5k
351.ib
351.81
343.83
341755
355.21
354 .5Z
357.'t5
348 .92
34o.65

349.43

346.55
144*90
354.48
353.99
361.5b
357.uZ
3,'1 98
349.14

352.45

19.10
22o67
21.b6
41.76

ZZ*71

26.84
15.93
19.29
22.85
21.37
27.81
32.12
25.7b
16.49
35.29
1871

23.86

17.32
28.06

22.63
51.86
21.27
19.93
21*.55
26.18
53.67
33.04

28.77

18.37
28.28
17.40
22.93
22.26
21.39
23.98
16,80

2424.0
Z517.5
2241.1
1372.8

19OZ05

2490.1
1348.1
2328.7
1885.0
1244.5
1884.1
2083.2
2412.9
1401.9
2187.0
1511.3

188b.9,

1517.2
2403.6
2520.0
2160.3
13Z4.3
1906.9
2124.4
2185.6
1858.6
1282.7
2170.1

1950.3

1459.1
2354.4
2199.2
2081.5
1375.5
2135.9
1239.9
1350.9

1770.8

AVE

18
ic
28
20
3C
3D
4A
4E

AVE

8,1 (80°9) 3 E 291.46 3t4o (2 347.98 33.72 2033.1



AVE

84
84
84
84
84
84
84
84
84
84

90
90
90
9c
90
90
90
90
9c
9E
90
90

96
96
96
96
96
96
96
96
96

iC
2B
2D
3C
3D
3E
4A
40
58
50

AVE

2B
2C
2D
3A
38
3C
3D
4A
48
4D
5B
5C

291.48

294,9C
295996
303.02
304.14
301.42
291.48
28q.46
304.00
294.96
293.78

297.31

266,67
276.. 2
274.56
270.15
279.96
285.44
278.1C3
283.72
276.85
289,12
278.07
269.88

277.37

239.86
240.99
237.43
240.83
252.56
242.17
247.12
247.12
241.98

243.34

372. Z./
391.87
365.39
396.02
391.9o
370.00
378.54
387. t9
366. b,0
B77.70

361.86

403.,, 7
399. 7N
398. .8
394.14

409.40

385.45
404o 19
4'. 3.9 7
378.60
361. 56

398.51

383.61
406. 38.
4: 2. 73
4.16.97
410.57
383.77
4w9. 32
4K: 9. 4 A
388.Z3

353.79
36..,03
364.33
370.21
365.37
355.33
363.39
36b,33
361911
359.98

362.29

377*244
37o.24.
378 6.b
373.19
37 9 .50
381.55
377.81
375.9u
379.98
379.99
373.00
369.9v

376.87

378.25
388au't
3 9U * 4 2
391.89
3•8.92
378.90
391.8 6
39?- .'t 8
381 .69

3'3 911
18.45
25.96
23.67
23.46
37-.42
?5.74
25 ,6C
73.17
22.42

18.2C
24.01
23,77
23.52
17,30
2),.69
25,52
39.45
21.11
21.20
66.445
28.08

26.94

82.12
2b.45
33.67
19.13
23.40
91.e0
24.57
25.33
69.56

2189.3
1653.2
laID .1
1810.2
2038 . 5
2125.7
1191.3
1812.6
1256.1
128293

1696.9

1777.8
2242.7
1758.7
1921.8
2164.4
2193.3
2237.5
1136.0
1784.4e
1815.6
1178.5
2005.6

1851.4

1951.1
2298.2
1800.8
2306.7
2299.2
1974.2
1797.9
1818.4
1943.1

364.42 347.98 33.72 2033.1

PI

AVE

lc
2C
2D
3C
3D
3E
48
40
!C

A'VE 38b.96 43.92 2021.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42430A

Test Date: 3/31/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.0 psia)

872 0 C (1602 0 F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

50 0 C (122 0 F)

501 0 C (493 0 C - 504 0 C)
[933 0 F (920oV - 9400 F)]

17.2 mm (0.676 in.)

B. Summary Results:

C. Comments:

This test was misnumbered; it should be 42407A.

K-346



R33/ELEV

FLtCtI- SEASET 21 ROD RUNDLE TEST SERIES
RUN NU14BER424304

TINITIAL MAXIUM TEMPERATURE TURNAROUND QUENLh
LHAN. hu Ai FLjLh TEMIPERATURE RISE TIME TLAPREATUkE

(UE6 f) (uEG F) (DEG F) (SECONDS) (OEG F)

2A
4:
I:
24

3-
3-
4-
5-

3
3
0
0

2A 5- 7
10 6- 2
20 6- 2
33 5- 2

5:
1D
48
5D

2A
33
3D
2)

6-
6-

6-

6-

6-
6-

2
3
3
3

4
4
6
5

3, 6- 5
3E 6- 5
3" b- 6
4A 6- 6

3) 3- 0
5C t- 6
IC 7- 0
23 7- 0

3D 7-
5B 7-
28 7-
2C 7-

2- 7-
3A 7-
3B 7-
48 7-

5: 7-
IC 8-
2E 6-
4C 6-

53 i -
2C 3-

5C 8-

43 1 -
50 3-
3D 9-

4: 4-
ID10-
4313-
5D10-

0
0
b
6

9
11

17

21
:0
53
5b

61
63
68
o r

7 C
75
7S
84

65

95
97

98
101
110

111

115
117
120
121

122
123
1?4
127

lz>e

131
133
136

1 3t
13 co
i41
142

143
145
148
154

156
161
lo4
167

16t
170
172

114..
1171.
1365.

14b2.
14 2.
156C.

1502.

1513.

1442.
1557.
14tC.

140b.

15c3.
1546.

154,o.

1537.
1513.

1442.

1211.
1420.
14C7.
i429.

14 54.

1332.
1421.
13170.

12 40.
1267.
1417.
1366.

12 3'.

704.
151c,

1171.

842.

1045.
1111.
q05.
b0S.

6Z3.
71a.

536.
630.
37.?

1261.
1334.
1491.
1649.

1720.
1825.
1952.
1975.

1808.
1812.

1938.
1863.

1841.
1985.
1979.
1969.

2010.
1893.
2002.
1843.

1693.
1783.
1694.
1673.

1740.
1669.
1736.
1760.

1621.
1640.
1791.
1792.

1600.

1626.
1205.
1991.

1594.
1525.
1423.
1227.

1471.
1471.
1400.
1371.

1369.
1050.
1204.
1135.

775.
973.
805.

K-347

146.
133.
182.
285.

258.
353.
372.
383.

295.
354.
382.
383.

353.
403.
433.
401.

423.
380.
432.
401.

482.
303.
287.
244.

286.
337.
335.
384.

381.
352.
374.
406.

361.
452.
501.
433.

423.
414.
422.
385.

426.
360.
415.
506.

403.
452.
380.
416.

239.
337.
408.

31.5
28.5
42.0
75.0

71.5
82.5
82.5
75.0

59.5
110.0

85.0
87.5

86.5
82.5
87.0
82.5

82.0
R8.0
87.5
91.0

102.0
60.0
46.5
24.5

45.0
89.5
56.0
62.0

57.15
75.0
62.0
90.5

106.0
90.5

154.0
88.0

88.5
109.0

82.5
121.0

71.0
56.0

109.0
123.0

106.0
160.0
106.0
128.0

108.0
110.0
160.0

906.
437.
694.
b99.

485.

1035.
v42.
Y94.

10010.
1030.
090.
936.

951.
1017.
912.

962.
1040.
'.50.

S73.

627.
1023.
793.
71'U.

707.
7bl.
7'.3.

b37.

77k..
761.
82b.
741.

844.
79b.
673.

77 t.
742.
603.
516.

713.
64t.
587.
722.

711.
67L.
625.
bb6.

62;.
472.
2b5.

QUENCH
TIME

(SECONDS)

06.4
63 . So

136.6
215.7

266.t
326.t
324.8
328.7

309.7
337.t
344.6
333.7

350.4
33o.6
366.8
353.7

353.E
340.8
363.8
359.t

452.S
344.7
40l',.
407.0

404.t
400.7
431.S
417.';

412.'.
437. C
423.C
436.3

414.C
4ý1.0
466.C
364.7

439. C
442.C
471.0
465.6

460.0
4d5.0
4o5.C
489.C

469.3
4ol.t
513.0
452.0

355. C
508.C
401.C

6
6
b
6

6
0
0
6

0
0
6
6

6
6
6
3

3
0
0
0

2411- 0
4:11- 0
iDI1- 6



rUN 42430A HEATER ROD STATISTICAL DATA

INITIAL TiLMP (DEG F) MAX TEMP (DEG F) TURNARJUNC T1IME (SEC)

0

EL V
12
24
3v

46
60
67
70
71
7,
74
75
7o

77
78
34
go90)

102
111
120
132
136

ELEV
12
24
3y
4o

60
67
70
71
72
74
7 ,
7t)

77
76
84
90
9o

102
lii
120
132
13o

MAX
503.2
614. 0

1171.0
1322.6
1446.9
155 .*9
1593.5
1595.6
1602.1
1593.5
1589.1
1500.1
15o7.C
1569.7
1453.*9
1416.9
127o.r
1110.7

972.5
623.4
636.1
596.6

484e.9
750.7

1079.7
i2 lv.*4
111.3
1447.5
147o.1
1474.3
±46o.2
146bt 7
145d.2
1455 . 0
1439 .4
144Z.2
±24o . 2
121o.3
703 .
641.9
777.1
597.6
49o.4
i97, 4

rEAN
4S2 .2
183.0

1121.9
1i75.5
13t7.4
1478.9
1543.4

1533.6
1545.0

1.53v.3
1530.1
152t.4
1510.0
13o9*5
1322.9
1149.1

,v9 7.7
C94.i
703.2
-56.8

485.1

MAX
531.1
872.7

1303.7
1518.2
1733.0
1863.2
1947.6
1961.3
1972.8
1982.0
1990.0
2001.5
2009.7
2031.5
1744.1
1792. 1
1731.9
1545.2
1447.3
1231.7
972.8
928.4

MIN
51702
816.8

1217.1
1437.7
1572.2
1719.6
1802.2
1797.7
1751.9
1764.2
1812.3
1708.5
1833.8
1783.2
1554.9
1594.9
1204.5
1226.5
1149.4
1050.1

762.8
789.8

MEAN
523.11
843.4

1260.6
1471.1
1642.5
1769.4
1976.b
1885.b
1860.5
1903.0
1920.1
1907.6
1932.3
1914.8
1664.0
1701.8
1590.6
1404.9
1284.7
1154.6
832.9
852.9

MAX
9.5

17.5
31.5
52.5
75.0
71.5
82.5
78.5

106.0
82.5

110.0
91.5

110.0
105.0

95.0
108.0
154.0
121.0
123.0
1600
133.0
160.0

PIN
S.0

17.0
26.0
3t.0
41.5
55.5
64.5
62.0
46.559.5
4t.557;. 5

4 4. ý
a62. 0
60.0
24.5
55.5
73.0
43. 0
63.5

106.u
1ct.0
125.0

MEAN
9.3

17.4
28.7
42.8
62.4
63.8
75.2
73.2
74.5
75.0
86.5
80.7
69.2
86,*3
58.7
76.6

1C1.8
84.4
90.4

133.1
115.5
1 40.6

TEPP RIS (UkG F) QUENCH TEMP (DEG F) QUrNCH IIME (SEC)

MAX
32.3
60.1

140.0
219.3
304.3
312.2
354.1
365.7
370.7
3ab. 5
4 00.9
413.4
427.1
43o.1
337.2
411 .2
500.7
504.4
530.5
550.3
336.7
431.1

nMI
27.9

132 . 7
lbz.5

225.7
257.5
322.9
3Z3.4

295.4
354.1
249.1
379.c
303.5
244.1
335.4
379.b
295.7
31o. i
359.2
23. 0
zv. 5

PEAt.
30 . 9
to .4

13o.7

1q5.9
275.2
290.6
333.2
341.4
326.9
350.0
380.6
377.5
405.9
404.3
294.5
370.9
441.5
4&7.3
390.6
451.4
276.1
367.9

MAX
548.9
791.8
936.8

1030.9
933.7
485.2
990.0

1059.7
1054.9
1034.8
1060.3
1016.7
1048.1
1023.2
819.0
892.7
867.6
712.9
751.1
701.6
6a 1 . 5
607.8

MIN
521.5
744.8
840.6
893.7
878.6
950.6
929.0
858.0
904.7
881.8
88905
929.2
889.1
863.6
695.7
741.4
673.1
517.5
541.7
624.8
472.1
284.5

MEAN
556.2
763.1
894.5
951.2
903.e

970.3
956.5
951.8
967.5
971.9
969.0
962.5
956.2
946.7
747.5
811.0
776.9
622.t1
679.0
666.9
579.,1
506.7

MAX PIN
10.0 7.3
30.9 28.2
87.14 83.9

136.6 119.0
215.7 208.9
266.8 261.7
299.8 267.7
310.7 285.7
315.8 292.2
339.7 309.7
349.8 324.7
350.4 326.8
365.9 340.o
368.4 344.7
410.0 387.9
437.0 412.9
468.0 43v.0
485.0 46C.0
497.0 43C.0
513.0 440.0
508.0 321.0
507.0 364.7

MEAN
9.0

29.1
85.9

126.8
212.5
264.3
293. C
298o.
306.4
322.6
335.7
341.6
352.6
360.6
402.2
424.7
451.4
471.6
474.7
486.3
400.7
443.7



tIICuT-S(AUI at1-a sussu tl~s,0Sots3A LAS IMU TEST $[1a1(SRluT CLit A L/AA16415

1000.02000.0

1000.0o1 
0 .

I1250.015000.0 a
750.00

~~~250.00 W0

500.000

* "
* -r -*.• oo

0.0 . . . .. . . . 32.000
CCCo C3 C3 C3

SC! Cý C! C!C

TiMl SECONDBS

350.00 - -- L(CHT.SCASCY 21-4os SunDLI: TEST SERIS IO
ISUON ADS10A HEAT TUAINSF'fE coIrrICamTS
C./$YN lii t S3l1 I$11 tiS IISIS

300.00 50.000

S250.00
40.000

200.00

30.000
150.00

20.000

10.000~50.000

•0.0 -_,_ -0.0

-W0.000 -0--e-a .8090

TIMI 4 SECOUs )
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1250.0

o000.O

750.00

•250.00

0.0

3.00

300.00

a5.00

150.00

S100.00

g -50.000

S0.0

-.04.000

r .A.O

1750.0

1500.0

1250.0

1000.0

750.00

500.00

2W0.00

32.000

ra

E

9
C2

TIONE I S(cow I

8 8.S S S

I'LUCNT-Sf LIE? 11-400 6UNLE TEST SERIES
sum 016Aa HIM TRANSFIX coirriczuuTs

ComoVNll fl 4/1 o/ I SIva 5/ 170/S

50.000 !

30.000 I

30.000 Z

U

10.000 U

0.0

-6.800

.1

a
S

TIME 4 SEcolls$

S I SiI

K-350



1250.0

1000.0

750.00

50 0 . 0 0

A.00

0.0

FLIcuT-SCASET *I-** SI&MOU TEST SEIESI

*so 411,3SA CLAD TEOWt(ATOUSI
C79/1 IZ4I 15il iti 17151

zfC

2000.0

1750.0

1500.0

1250.0

1000.0

M50.00 -

'500.00 z

0
40

82
ME~ I SECONSS I

8
C2 cý

350.00

300.00

250.00

j 200.00

t 150.00

100.00
U

.50.000

0.0

-50.000

3

a
N

S

U
4

4

S

0

Q

TIMEC SECONDS I

K-351



1250.0

1000.0

750. 00

500.00

250.00

0.0

0
C>

C3 0, D CD D
9 0 9 0 0!CD 5ý 0ýC

TIME ( SECONDS )

C>
0>
Lo

2000.0

1750.0

1500.0

1250.0

2000.0

150.00

500.00

250.00

32.000

2000.0

1750.0

t500.0

1250.0

1000.0

750.00

500.00

250.00

32.000

1250.0

1000.0

750.00

500.00

• 250.00

VLECHT-SEASET ZI-fiOD SUISOLE TEST SERIES
R 4l *430A B UlOLE VAPOR TEMPERATURES

CH, U"IS 196/1 114/2 191/3 18914 183/5

0.0
0

00D
00

TIME SECONDS

0

C3
Uo, 0

Lo

K-352



1000.0

800.00

600.00

400.00

0

ZOO.00

0.0

1832.0
1750.0

1500.0

1250.0

1000.0

750.00

500.00 M
Z

250.00

32.000

0

o o 0o 0o 0o0 0 0

TIN[ I $tCOWlCS

0
0•

300.00

250. 00

200.00

150.00

100.00

50.000

0.0

572.00

500.00

400.00

300.00

200.00

100.00

32.000

0
0

TIME I UCOWOS I

00
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3,.996

30.000

25.000

20.000

15.000

10.000

0.0

--4.9"4

FL(CWT-SEASET ZI-400 10WOLE TEST SERIES
a UN *43o A rL#JID LEVELS
C.IsYW 31481 3.1471 149/3 35114 IS0/S

4-&- ~L

3.0000

0.0000 -

1.0000

0.0

I
..-..-...- "V.. C

a
a

0
C

TIM( i SECSSS I

C 8

50.000

v- 40.000

•< 30.000

o 20.000

10.000

0.0

FLECHT SEASET 22 ROD BUNDLE TEST RUN 42430A
FLECHT SEASET 21 ROD BUNDLE TEST

MEASURED BY TURBINE METER
RATE OF FLOODING

RUN 42430A

- -

1.9685

1.7500

1.5000

1.2500

2.0000

0.7500

0.5000

0.2500

0.0

C.3
z4

z
0J

CD

03
C)9
CD0
C0
0u

0 0o
0M 9

TIME (SECONDS)

C.
C3

CD0
99

0yl
c3w
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0.0500

0.0400

- 0.0300

21 0.0200

0.0100

0.0

37.531

35.000

30.000

25.000

G 20.000

< 15.000

10.000

5.0000

0.0

8 0 ( E O
0° 0 0

TIME (SECONDS)

CDC:

99

0~r

0.1102

0.1000

0.0800

0.0600

0.0400

0.0200

0.0

82.741
80.000

70.000

60.000

50.000

80. 000
40.000
20.000

30.000

40.000

20.00

U'o

0D CD CD 0D 0

ru - tn Wa

TIME (SECONDS)
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4.2500

4.0000

3.5000
I

- 3.0000

z 2.5000

2.0000

> 1.5000
La

-J

L, 1.0000

0.5000

0.0

4.2500

3.0000
ka

"- 3.5000
La

z
3- .0000

Z 2.5000

.- 2.0000

,,I. 5oNOLa

La.t0000

0.5000

0.0

r' • •FLECHT SEASET 21 ROD BUNDLE TEST SERIESRUN 42430A HEATER RD0S
TUENCH TIMES (ALL T/C)

'd

410

- --

0UENCH TIME (SEC)

FLECHT SEASET 21 ROD BUNDLE TEST SERIES
RUN 42430A HOUSING

• 0UENCH TIMES IALL T/C)

13.944

12.500

10.000

z

7.5000 C

I--

5.0000 >

2.5000

0.0

13.944

12.500

10.000

z

7.5000 0

5.0000 >
La

-i

2.5000

0.0
0
0

0
0

0
0

0
0

OUC NC

T 0

TIME (SEC)

00

0
0

MM 00
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3.6218
3.5000

3.0000

2.5001
0

CD

2.0000

1.5000

1.0000

0.5000

0.0
00 o o 0 00

0 0 0 0

0 0 0 0 0

TIME (SECONDS)

0.5253
0.5000

0.4000

0.3000

0.2000

0.1000

0.0

1.2500

0.0000

0.75000

0.5000

0.2500

0.0

1.2500

1.0000

0

- 0.7500

o 0.5000

0.2500

0.0

U.

TIME
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3.E218
3.5000

3.0000

,, 2.5000

,4
2.0000

I

o 1.5000

1.0000

0.5000

0.0

1.2500

1 . U000

0.750O

0.5000

0.2500

0.0

FLECHT SEASET 21 ROD BUNDLE TEST RUN 42430A
LE VEL(FT) 6-7 7-8 B-9 9-10 10-11 11-12

1 2 3 4 5 6

Co C) C0 Q 020

% Co C3 Q Q Do3 Q 0 0 CP

TIME (SECONDS)

FLE CHT SE AS[ET 2 1 ROD BUNDLE TE ST RUN 42430A
LE VE OFT) 6-7 7-8 8-9 9-10 10-11 11-12

0 
P

0.5253
0.5000

0.4000

0.3000

0.2000

0.1000

0.0

1.2500

1.0000

z

0.7500 -

4

0.5000 0

0.2500

0.0
03

2
00

0
8

TIME (SECONDS)

0}0 0
0
0,

00ý

09
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41907B

Test Date: 6/18/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.1 psia)

874 0 C (1606°F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28.4 mm/sec (1.12 in./sec)

51 0 C (124 0 F)

533 0 C (529°C - 537 0 C)

[992°F (985OF- 9990F)]

57.7 mm (2.27 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

midplane:

-2.0% constant(a)

-0.25% constant(a)

a. Relative to run 42430A
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FLECIII SEAStT 21 ROD RUNDLE TEST SERTES

ROD/ELEV
RUN

TihiliAL MAXIAUM

CHAN. Nu AT FLLu[ TEIeERATURE
(0EL. I) (DEG F)

2A
4C
1C
24

2A
1D
2D
3)

5C

10
44
5D

2A
2D
33
3 :

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

9
11
14

17

21
•C

53
5b

61
63
68

7C
72
75
85

95
96
97

98
101

111

115
1.7
120
121

122
123
124
127

126
131
133
136

138
13 c
141
142

143
145

154

156
161
164
167

168
170
172

1124.
1233.
1327.
1314.

14 to.
1432.
1510.
154',t.

146b.
1429.

1432.

14,.
1537.

1561.
16Ce.

1474.
15EC.
1543.
1412.

15 53.
14t8.
1436.
145c0o

14S3.
1355.
i4zy.
1421.

127S.
14C5.
1444.
i455.

14 16.

1230.

12 t6.

1227.
13L4.
1035.
645.

1110.

12 cl.
IC 10.

c32.

IC45.
613.
840b.
710.

555.
632.
31C.

1262.
1353.
1468.
1653.

1758.
1729.
1835.
1642.

1761.
1716.
1834.
1778.

1762.
1856.
1o6.
1937.

1769.
1950.
1916.
1797.

1920.
1778.
1684.
1689.

1743.
1635.
1769.
1775.

1592.
1744.
1811.
1804.

1740.
140.
1479.
1701.

1620.
1691.
1433.
1252.

1521.
1658.
1307.
1369.

1423.
1126.
1256.
1152.

786.
973.
s33.

NUMBER419074
TEMPERATURE

kISE
(DEG F)

134.
120.
141.
278.

291.
297.
325.
298.

275.
287.
306.
345.

332.
320.
324.
337.

295.
370.
372.
385.

367.
310.
248.
231.

250.
281.
340.
337.

313.
33Q.
367.
350.

321.
409.
508.
434.

392.
387.
398.
407.

411.
457.
291.
436.

377.
512.
357.
442.

230.
341.
523.

TURNAROUND QLLN6h
TIME TLMPREA]UkE
(SECONDS) ttUL F)

34.5
28.5
32.0
57.5

82.5
94.0
93.5
94.0

82.0
80.0
94.0
112.0

106.0
94.0
80.0
85.0

94.5
Q5.0
Q4.0

106.0

95 .
97.5
51.5
49.0

46.5
82.5
82.0
56.5

63.0
81.0
79.0
94.0

92.0
89.0
103.0
82.5

98.0
03.0
85,0

111.0

92.0
98.0
41.0
98.5

87.0
166.0
107.0
169.0

147.0
126.0

168.0

o35.
o3o.
207.

E030.

765.

t5 6.

06±.

911.
obl.

oll.

74.
634.
6

oŽ.
411.

941.

,U 7.
.C G.

74.
72o.

707.
723.
773.
76t.

72o.

613.

332.

77c.
641.

705.

774.

t73.
7'u.
5 v 7.
72L.

69•.

b03.
o3G.
772.

593.
54o.
54t.

QULNC h

(StCu OS)

46.4
;,b.

147. C
231.7

2tbt

347. t
3ol. C
354.6

342.7
324.7

3,,7.t

378.7
377.6
3c2.1
376.2

466.6
3d7. 7
3b4.E
346.6

3o0.•
3c5.ý
427.9
443.4

42i!,C

444.6
4b9.9

46t2. C

467.9
453.E
456.0
4bO. 2

460.S
4c2.6
4;0.7
471.;

504.5

510Y. c

)04.6
516.3

515. C
549.C
543.4
4')b.C

16. C
541 . k
533.C

8-
8-

8-

9-

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

4: 9-
1Db0-
4B10-
5D10-

2411- 0
4^11- 0
1011- 6
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KON 4.9078 HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TLue (uiL F) TllqNA-(JJNL TiME (:ýLC)

ELLV
12
24
39

46
60
67
70
71
72
74
75
76
77
7o

84
90
96

102
111
120
132
136

ELEV

12
24
39
4a

60
67
70
71
72
74
75
76
77
7b

84
90
96

102
111
120
132
138

MA X
40.0b
892.7

1233.2
137o.1
14b5. 3
1572.3
1605. k
1590.7
1480.0
1547.4
1584.2
1597.6
1600.4
1579.8
1493.5
1454.9
1315.6
1201*5
i045. 2
696.3
632.2
622.3

Mi N
576.9

112,L .2
1241.0
13oo.7
L447 . 6
1400.1
1417.b
.387 .5
1431.7
142Y . 0
lit2v . 6
13 vi . 0
i400. I
i354.*6
127o..5
971.2
644t . b
663.*5
613. 4
505.*7
310.f.

MiAh
tc0.5
t52.3
i~l 1.2
1316.8
1390.6

151iu.3

1454.0
15C0.0

1511.6
15C0.0

14c7.7
1429.0
1390.9
12 3'i.4
IC39.0

133.7
433.2

463,2

MAX
652,0
935.7

1353.0
1543.0
1768.7
1648.5
1924.6
1928.1
1791.0
1837.0
ld87. C
1868.3
1937.3
1949.9
1747. 5
1511.2
1745.3
1658.1
1422.7
1292.2
972.6
952.2

MIN
594.0
854.0

1256.7
1415.2
1628.7
1757.5
1726.3
1721.8
1666.8
1721.8
1716.3
1736.3
1744.1
1766.4
1617.8
1591.7
1479.4
1251.5
1156.3
1121.4
769.0
800Z2

MEAN
514.a
894.4

1285.5
1479.8
1676.5
1781.4
1820.1
1821.9
1733.8
1409.12
1815.7
1824.2
1842.9
1853.9
1689.6
1770.3
1647.a
1434.1
12?9.11
II35,8

841.8
879.8

R 4 X
6.5

12.5
34.5
46.5
75.0
82.5
88.5

106.0
89.5

107.0
112.0
107.0
107.0
126.0

82.5
94.0

103.0
111.0
242.0
177.0
163.0
163.0

). 0
11.5
25.0

32.0
52.5

71.5
5tc

62.C

b (. 0
82.5

9o4.0u

752.5C

41.0
r 1. 5

128.0
i 3L .0

MLAN

5.L
12.0
30U4
36.3
() . 51
77.3
76.9
o7,2

ti. L

91.3

ICI.c
63.6
73.4

77.,
109.9

14.1.

i50.C

LJ- To)Y RISC (Wt6 F) QUENCH TEMP (DEG F) OUkCH IiML t1L)

MAX
15.1
45.2

149.1
190.
289.2
314.2
33o.3
337.4
314.7
376,3
345.4
355.3
358.2
36o.5
292.c
367. C
50d .2
479.3
495.3
552.6
340.6
523.3

MI3N
11.4

1401.C
26u. 1
27b,2
254.4
27d.3
254.0
273.5
279.G
282.1
295.2
310.0
227.6
200.6
366s . 1
2Y0.5

za8i . 0
351.C
227.1
307.b

PLAN

13.6
42.0

13,.3
183.0
i77.7
292.3
309.6
311.6
279.o
309.2
IC3.9
21t.2
333,9
36o.1
i80.6
329.4
AC7.7
395,1
365,4
45o.4
2d3.0
39o.6

MAX
606.3
737.0
d58.4
922.0
950.7
957.2
939.1

1019.6
954.9
996.2
996,7
9o5,7
941i0
974.8
786.7
660.6
840e8
739.6
719.6
772,2
674.0
590.9

MIN MEAN
579.3 589.0
701.9 714,5
827.3 839.7
286.6 748.6
833.8 871.7
881.2 936.4
868.4 918.5
862.5 933.F
608.6 877.5
651.4 560.4
611.4 900.0
797.8 889.0
839.0 902,1
654.2 4?9.9
68d.2 745.2
704.7 795.2
690.5 767.8
581.1 641,4
564.2 647.9
602.6 644.9
540.8 588.f
41o.1 54.0

MAX
12.Q
42.3

100.9
147.0
233.0
291.6
314.5
357.6
332.8
372.1
397.6
385.7
384.8
403.8
444.8

484.0
491.9
516.3
537.0
554.9
541,0
557.0

tIN
1C.0
368.V
9t. 7

131.7

222.o
273. t

3C1.o
3C9.6

32Co
3 39,.
324.7
382.b

388.6
3 b~u.4
422.0,
45L.0
471.4
499.0

504.9

166.0

362.0

11.2
4u,. 7
99.2

141.1

2 2t . e
2t4. 4
309.b
323.9
326.7
355.3
3t4.•4
372.7
37i.0
391.2
434.2
4cl,3
464,8

521,1
535.6
42C,8

06,.2



i1O.0

tO00.0

?50.00

SM•.00

3500.00

50.00

L 1O0.0

0.0

-50.000

2000.0

1750.0

1500.0

1250.0

2000.0

750.00

500.00

eSO.00

3Z.000

I

I

ucums a

S
S
I'

FLtCNT-Sf AlT I4SSIL U iIs

0110 419010 NEAT TRANS114 CoI'VICtENTS
CNSYSl/ 212 95111 326/ til#5

50.000

4o.000

30.000

20.000

10.000 A

0.0

-0.60W0
Sj

C€;

TimI m ECeWS )
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1.0.0

!000.0

70.00

0.0

350.00

300.00

" L•. O00

M:•. O00

150.00

I00.00

50.000

0.0

-50.000

I
I

ZO.0

1750.0

1500.0

tO00.0 -

750.00

500.00

?50. 00

3?.000

a
a

TIME I scC..ws

S.I Si
5

I I

IrLAICmT-SASIT 21-400 "UNCLE TIST SERIES
!N US 41"7 NEIT TRANSFER COE~FtCIENTS
CRISYN i4/i 68/2 111111 145,4 IfolS

3

0

0.000

0.000

0.000

0.000

0.000 -

.0

.8090
S

€a€;

TINE 4 $ECONOS I

S S
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t250.0

1000.0

750.00

W00.00

0.0

FLECOOTUAS( T f?-4oO BUNDLE TEST $1111
.ull .1209i CLAD TENP(RATUIIIS

2000.0

1750.0

1500.0

1250 .0

\ 100ooo.0

750.00

500.00

-4. --- 4 0-" 250.00

1 . . .. " •.. 32.000

,0

TINE WCOODS

8 8

350.00

300.00

2 250.00

j 200.00

150.00
U

-100.00
~uw u
1 50.000

• 0.0

-50.000

0
0

TIME SI CONDS

C
C S S

K-364



1250.0

1000.0

750.00

: 500.00

• 250.00

0.0

1250.0

1000.0

750.00

° 500.00

S250. 00

0.0

o o• 0 0
o. o 0 00

I|ME ( SECONDOS)

C LEC9T-SEAS[T I-ROD BUNL[ TEST SERIES

RUCD '|9OI BUOLD VAPOR TC MPDRATURES

C1/STM 104/I 186/2 16/3 t91t/4 t97/5

-'-4\

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

?50.00

32.000

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

25C.00

32.000

cI

K.

0

0

0

TIME ( SECONDS

0

0

00
0D9

0
Ln

0

o
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1000.0

800.00

Q00.00

200.00

0.0

€
¢

SU14 419079 HOUSING TEMPERATURE

o HSy ?6/ 26/ 06/ 2054 6/

TIME SECONDS

Itw1EEN &USEA 21-40 SUNDE TEST SERIES
Nom 419071 r MITE STRIP TEMPERATURES
CW'syN 20711 tt IS/ ?08/1 211/4 1/

k-S-46-~ L -4 015 i w d

1832.0
1750.0

1500.0

1250.0

1000.0

750.00

500.00

250.00

32.000

12%0.0

7500.00

M0.00

50.00

0.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

250.00

32.000

9
40

TIME c SIC04SS o

S S
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1t.0

i 25•0.00

0.0

300.00

250.00

200.00

FLECMT-S(ASET ~1-4O0 RUNDLE TEST SERIES
RUN 11901| OLOCKACE SLEEVE TEMPERATURES
C*/Sy" Z03/1 ?04/? 20513 106/4

C-11

TIME ( SECMS I

FLECHT-SEASET Z I-RO" BUNDLE TEST SERIES
RUN I9078 LOOP FLUID TEMPLRATURE
CHISYM ,Z9 I/I S93/2 295/ 3II/ 313/S

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

5W0.00

250.00

32.000

572.00

500.00

400.00

300.00 -

200.00

100.00

32.000

150.00

100.00

i
50.000

0.0
0
0
0
00

0D

8
0

TIM[ ( S(CONDOS

00• 0
0CD
0D
0r

0D
0ý
CD
0.
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34.996

30.000

25.000

20.000

15.000

10.000

5.0000

0.0

-4.9994

4.0000

3.0000

2.0000

1.0000

0.0

-0.7251
0

0 0
S 0

o 0 0 0• 0 0o 0 Co 0 C 0

oto
T IE SECONDS

50.000

40.000

xr
:I-

. 30.000

S20.000

10.000

0.0
C
C

FLECHT SEASET 2 ROD BUNDLE TEST RUN 419076
MEASURED BY TURBINE METER
RATE OF FLOODING

-. . .. .---.

1.9685

1.7500

1.5000

1.,2500

1.0000

0. 7500

0.5000

0.2500

0.0

z

4

CD
C
0_

€:) 0)0:

TIME (SECONDS)

0

U-,

00
CD CD00 c
0. ý'
05 'e
W0 w
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0. 050LI

0.0400

0.0300

31

0.0200

I

0.0100

0.0

0. c0%

0.0400 ,

0.0
CD C CD CD C, CD
CD 0 c0 C DcD

0CD C, CD CD ClC
CDCD CD C CD

u;IDTIME (SECONDS)

4
I'

44.605

40.000

35.000

30.000

25.000

20.000

15.000

10.000

5.0000

0.0

FLECHT SEASET 21 ROD BUNDLE TEST RUN 41907B
I=MASS INJECTED 2=TOTAL MASS INVENTORY
3=STEAM OUT 4=LIOUID COLLECTED 5=MASS IN BUNDLE

leiJ

98.337

90.000

80.000

70.000

60.000

50.000

40.000

30.000

20.000

10.000

0.0

Ir

4J

0ý
0D CD

0
0D
0D
0i

CD 0D
T M 0D

TIME (SECONDS)

00
0r

0ý CD

CD ~.
Lo (o

K-369



4 4.0000

'- 3.5000
W

- 3.0000

2.5000
o

2 2.0000
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42107C

Test Date: 8/19/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.270 MPa (39.2 psia)

884 0 C (1623 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

27.7 mm/sec (1.09 in./sec)

51 0 C (124 0 F)

4980 C (485 0 C - 507 0C)

[929 0 F (905°F - 9450F)]

57.7 mm (2.27 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

-6% for 50 seconds and -2.5% thereafter(a)

-0.5% constant(a)

a. Relative to run 42430A
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7-
7-
7-
7-
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0
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0
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0
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0
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1769.

1b 19.
1787.
1725.

1721.

1731.
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1732.

1542.
1673.
1469.
1237.

C 0 U P L E A I A*
1D24.

1453.
1442.

1431.
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43.0
52.5
57.5
57.5

55.5
54.5
56.0
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RiN 42107C HEAE. K00 STATISTI.AL 2%Tk

JAA TEMP (DEG F)141ITIAL TEMP (DEG F) TJRNAitOUND TIME (SEC)
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1589.5
1593.8
1589 . 5
.1574.4
1467.7
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)4.
51.5
55.2
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MI N
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?78.9
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235.1
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220.5
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275.6
319.4
349.2
313.2
313 .6
242.7
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ME AN
10.8
42.0

144.2
197.9
312.9
290.2
323.1
326.4
314.6
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261.3
268.5
304.6
323.9
274.6
320.0
366.4
393.6
382.5
428.8
288.6
387.6
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766.3
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149.1
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979. Z
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750.9
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757.3
671.9
590.8
285.8
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474.2
282.3

ME AN
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868.7
904.8
887 .*e
935.9
929.4
9 2o . 7
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824.3
938.9
897.6
957.3
890.2
735.5
791.0
748.4
633.6
638.7
656.9
596.7
50o.5

4MX
12.4
41.5

102.0
152.8
235.2
293.5
327.7
333.8
325.6
318.0
378.9
405.9
390.8
417.8
444.8
469.9
500.5
525.9
543.4
55;.0
550.0
533.1

M Im
7.9

36.3
88.3

145.6
224.o
279.8
313.7
313.7
324.7
314.2
344.4
297.5
357 .o
337.6
409.U
417.9
467.4
497.8
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394.5
282.1
199.6

MEAN9.3
39.3
17.0

149.9
229.2
286.1
321.0
325,0
325.2
353.9
360.6
363.9
373.6
386.2
432.3
456.6
488.6
210.2
;16.7
515.0
381.1
447.4
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42615D

Test Date: 10/18/80

Test Type: Forced Reflood

Blockage Configuration:

(second repeat)

21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.5 psia)

872 0 C (1602 0 F), 3C 1.78 m

(70 in.)

2.5 kw/m (0.77 kw/ft)

28.2 mm/sec (1.11 in./sec)

49"C (121)F)

501 0 C (492 0 C - 508 0 C)

[933°F (917oF - 946°F)]

21 mm (0.84 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total Power:

Housi ng

temperature

at midplane:

approximately +1% with ±0.5% oscillations(a)

-1% constant(a)

approximately -2% constant(a)

a. Relative to run 43115D
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RUN 426150 HEATER AJD STATISTICAL OAT&

MAX TEMP (DEG F)1'4ITIAL TEMP (DEG F) TJR4ARUUND TIME (SEC)

ELEV
12
'4
39
' 8

60
(7

73
71
,2

74
75
76
77
*78

14

90
C6

102
1 1
1 20
132
1 ?8

4AX
648.8
824.0

1200.2
1306.0
1491.7
1596.1
1501.6
1541.0
1584.2
1562.2
1545.7
1581.0
1600.5
1559.2
1467.1

1468.9
1369.3
116o(.0
1004.6
367.0
661.8
645.7

MIN
597.5
798.7

1082.2
1295.2
1365.0
146b.0
1520.5
1541.0
1360.2
1423.2
1466.4
1471.4
1463.9
1461.7
1335.0
1307.7
1109.5
859.3
811.8
615.8
573.7
289.2

MEAN
614.9
812.3

1122.9
1300.6
1413.2
1509.5
1561.0
1541.0
1519.1
1509.1
1502.3
1531.7
1520.7
1531.5
1408.3
14C4. 2
1266.6
1039.9
937.6
708.4
605.2
486.2

MAX
061.5
861.3

1333. 1
1462. 3
1775.4
1872.3
1884. 7
18 36.1
1867.8
1865. 5
1822.5
1876.8
1900.6
192u. i
172,).6
1765.4
1764 . 2
1502 . 0
1422. 7
1224.4
1014.0

959.4

MIN
o13.1
846.b

1224.4
£61.42

1672.3
1707.4
1824.8
1836.1
1651.6
1726.3
1733.0
1739.7
1747.5
1776.5
1574.4
155d.2
1462.3
1285.9
1120.3
1059. 3

8zO.9
778 . 4

MEAN
629.6
856.5

1264.8
61b.7

1716.9
1772.7
1854.7
1836.1
1801.7
1790.4
1773.0
1813.6
1817.2
1839.8
1869.2
1692.8
1620.2
1425.6
1297.7
1137.0
888.7
837.6

4AX
6.5

12.0
35.5
44.0
70.5
57.0
50.0
58.0
88.0
33.5
8).0
80.0
83.0
79.5
80.5
81.5
82.5

118.0
45.0

160.0
126.0
143.0

Mi .4
5.5

11.5
30.5
39.5
70.0
46.0
46.0
58.0
50.0
46.0
58.0
54.5
59.5
58.0
30.5
45.0
61.0
45.0
68.5
74.5
94.0

121.0

MEAN
6.0

11.8
33.3
41.8
70.3
51.2
53.0
58.0
62.9
67.3
68.3
63.1
74.0
66.8
48*8
57.8
73.9
73.9
83.3

120.8
114.0
130.5

TEMP RISE (DEG F) QUEeC;rd TEtP (DtG F) QUENCH TIAE (SEC)

FLE 4
12
?4
39
43
60

67
70

72
74
75
76
.77

78
F4

90
(6

102
1 "1
1?0
1 12
138

IAX
16.5
4 E. 1

150.6
166.0
320.0
276. 2
304. 3
295.1
330 9
315. 4
297. 3
321.0
357 4
337 2
287 .0
372. 2
414.8
531 4
432.0
516.8
35 &.2
489.2

m IN
12.7
37.3

132.9
156.3
283.7
251.0
283.1
295.1
264.0
247.4
252.6
249.2
262.4
270.5
231.9
208.7
281.3
271.0
268.6
323.7
247.2
294.6

ME AN

14.7
44.1

141.9
161.1
303.7
263.2
293.7
295.1
282.b
281.3
270.7
281.9
296.5
308.3
260.9
288.5
353.6
385.7
360.2
428.6
283.6
351.5

MAAX
623.6
728.7
848. 7
900.3
996.0

1022. 1
1025.1

949. 7
975.9
985.9

1U08.?
1012.8

997.
1021.4

7: . 9
656 . 4
8 800 .1
711.2
715.2
o91. 2

577.0
20 . 3

M iN
592.0
724.7
810.9
866.2
860.0
308.6

1318. 9
949.7
d36.1
746.3
890.4
61i.9

898.5
424.2
678.5
718. 5
6385.*4
580.4
244.2
281.3

483.9
491.5

ME AN
603.7

726.1
832.4
883.2
919.1
953.0

1022.0
949.7
898.3
877.4

952.5
908.3
953.1
986.3
730.2
795.8
7o2.1
637.1
611.4
573.9
525.0
555.0

'IAN
12.0
37.4
96.4

142.9
?24.8
274.8
285.7
3037.7
317.1
337.8
337.3
352.7
361 .8
367.9
414.0
437.9
478.6
499.0
506.1
523.0
505.0
518.0

Al Ii
11.0
35.9
92.4

129.8
210.6
259.8
276.3
307.7
292.6
276.5
311.8
323.7
327.6
333.8
382.0
386.4
427.6
458.0
424.0
35d.8
428.9
292.I

MEAN

11.8
36.4
93.9

136.3
219.7
269.7
281.0
307.7
307.0
318.3
326.9

340.8
345.2
352.9
394.2
415.7
446.9
482.9
472.8
478.8

464.3
443.8



FLECHT SEA 4ET 21 RJLO aUNJLE Il ET 'ERIES

R;03 SLEV
1"ii; T •'L 41 i,•u

C44jr F L IAI 13 A I .u*1CH44W. so It( FLODG TF) -0TIu.
(DEG F) (0%. Si

2A
4f'
1':

2A
20
2D
30
5C

48
5D
24

3-
3-

5-

5-

7-
7-

5-

7-6-

5-
6-

6-
5-

6-

5-

5-
4-

7-

7-

7-

7-

7-
7-

7-

7-

7-

7-

5-

3-

7-

5-_

3
3

7

2

3

3
4

4
5
5
5

7
9

10
13

16
50
55
59

61
5,5
68
70

l0iz2 .
120C.
1 306 .
1383.

1466.
1527.
1 509.
1535.

1479.
I 54t.
1466.
1471.

,.224.
133

1462.

1 7 24o.
1704.
i B299.
17dj.

1746.

.733.
1744.

.k.l ••2s o I
f< .;F L •fu<r

(lEG S )

£3.i.

15o.
s•C,14 2.133.

25 7.
321.
250.

266.
269.
207.
L77.

Id J; i• •,' k I UEA CH

7 ;O rEj(r'kEGfj(E
(3E3'40s) (UEG F)

34.0
30.5

39.5
70. 5

57.0
46.0
50.5
30.5

59.0
59. 5
75.0
50.3

79.5

39. 5

* ~ a
.2

55

3

.3

3 '5 3

SI1

0
6
S

6
3
0
.0

7
0
5
6

115
117

122

1 -3

225

129

13 2
134
137

139
140
141
142

143
145
148
155

157
160
163
166

167
169
170

T ýl E R M J
!466.

1502.
1955.

1569.

i 57C,

122
rHE L MJ

1437.

14t7.
1 336.
1 443.
1402.

I 4c91

1437.

1317.

1271 .
134 .
993.
859.

1058.
1160.
1101.

341.

619.
867.

747.

574.
662.
289.

S3~ 4P L E 3
1745.

C J0 J L E

1 7o4.
1923.
ib 74 .

1574.
17 54.

1 174.

1773,

1722.
!j653.

14o2.
17 3Z.-

1i5 99.
lb73.
1•433.
1391.

1466.
1502 .
i 453.
1423.

1410.
1059.
1224.
1095.

821.
i014.

778.

r A
28 1.

212.

J32.
310.
30V.

337.
1.

ST
232.

2o2.
238.
31i.
372.

2 .

31 7.

za 5.

394.
3: 3.

325.
32J.
441.
531.

43u.
342.
351.
4d52.

405.
441.
357.
349.

247.
352.
489.

9 3.0
5"9.5

58.5
69.0

57. 0
7 . 5

30.5

46.0
44.0
56.5
69.0

58.0
57.5

57.5
352. 5
78.0

3:. 5

40.5
71.5
30.5

118.0

33.0
55.0
79.5
95.0

33. 5
121.0
81.5

103.0

126.0
122.0
143.0

649.
63d .

900.
9401.

92d.
599.

248.
922.

1008.
994.
919.

1013.

997.

937.

898.
9d2.

927.
931.

1020.

S71.

752.

724.
675ý.
641.
ao,3.

815 .
72.9.

217.

534.

503.
592.
711.

56o.
o67 .
710.
629 .

634.
619.
602.
691 .

577.
484.
588.

327.6

344.8

352.6
353. a
362.8
367.9

352.9
3:)4 . 3

369.9

398.0
404.0
412.0
432.8

417.0
4 12.9
406.0
429.C

412.0
45b.5
439.0
441.2

402.7
435.7
496.0
482.9

481.0
485.9
463.6
4• 3.0

483.0
505.9
513.1
456.8

428.9
505.0
468.0

3J ENý Hi
TIME
( EC. LINDS

92.9
92.4

129.8
223.6

274.8
326.8
601.0
327.7

311 . a
329.8
328.8
323.7

23 Z - '2
4' 5- 5

30 9- 3

4• 9- 3
1D0O- 0

4310- 0
5010- 0

2AIi- 0
4CI- 0
1011- 6

K-389
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41515E

Test Date: 12/4/80

Test Type: Forced Reflood (second repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.1 psia)

874 0 C (1605 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

51 0 C (123 0 F)

517 0 C (509 0 C - 522 0C)

[9 62 0 F (949 0 F - 971°F)]

38.7 mm (1.52 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Housing

temperature

at midplane:

-1% with *0.5% oscillations(a)

tl% throughout test(a)

a. Relative to run 42215E

K-401



ROD/ELEV

FLtCHT SEASET 21 ROD RUNDLE TEST SERIES
RUN NUMBlER4l515E

TINITIAL M.AXIMUM TEMPERATURE TURNAROUND QLL8CH
CHAN. Nu AT FLLUD T6MPERATURE KISE TIME T LIP KAIUkE

(D¢6 i) uEG F) (OEG F) (SECONDS) (DE(. IF)

2A
4 C
1 C

2A,

2A
5C
20
10

30
48
54C
50

1D
2A
20
38

3:

4C
3C
3E

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

6
6
7
7

9
10
12
1t

19
36
39
47

50
52
54
55

56
59
61
63

72
75

d3

d6
87
93
94

103
110

113

115
12C

30 8- 8
4A 6- 8
14C 7- 0
28 7- 0

30 7- 0
58 7- 0
28 7- 6
ZC 7- 6

2E 7- 6
3A 7- 6
38 7- 6
48 7- 6

12t1.
12;5.
1363.
151t.

1533.
1427.
1516.
14CC.

14tC.
1532.
1475o
1497.

14S0.
14E5.
1533.
1555.

156q.
1!5.

14S95.

1541.
14'7.
1411.
1452.

1407.
13t4.
1391.
1429.

125 .
TMtRMMU

114C.
1425.

1414.
11t6.
1026.
1223.

1209.
1285.

9t3.

5tC.

1114;.
1111.
10(8.

69.1

5t1.
584•.

563.
657.
2i•.

1353.
1397.
1590.
1812.

1804.
1766.
1820.
1753.

ld84.
1837.
1604.
1752.

1779.
1774.
1d45.
1871.

1932.
1921.

C 0 U P L E C
1842.

1941.
1753.
1656.
1675.

1730.
1631.
1736.
1744.

1596.
C0 L P L E

1615.
1783.

1723.
1604.
1409.
1690.

1582.
1609.
1447.
1334.

1647.
1533.
1408.
1353.

1421.
1098.
1253.
1039.

766.
1017.
774.

152.
122.
207.
295.

272.
339.
304.
273.

423.
305.
330.
255.

289.
289.
312.
316.

363.
343.

A T A

346.

400.
306.
245.
223.

263.
247.
345.
316.

339.

AT A
494.
35A.

309.
418.
390.
466.

373.
384.
464.
464.

517.
422.
399.
484.

439.
514.
405.
358.

203.
360.
479.

34.5
30.5
50.0
61.5

60.0
99.5
95.0
96.5

103.0
95.0

101.0
98.5

97.0
98.5
97.0
97,0

117.0
101.0

109.0

102.0
98.5
59.5
37.0

39. 0
51.0
70.0
59.5

5Q. 5

93.0
ai.5

R2. 5
101.0
113.0
q5.0

79.5
82.0
97.0
108.0

q7. 5
72.5
75.5

112.0

q7. 5
150.0
102.0
130.0

qg9O
13.00
160.0

o27.
6b4.
943.
926.

673.
1134.
o17.
663.

254.

1063.
o7•..

1i5.
745.

11Z7.
751.

695.

b6t.
7b3.

715.

767.

736.
779.
616.

QU ENC I,
TIME

(C5CiJ4DS)

112.9
IC7.e
145.S
246.

3C3. 5
319.1
360.4
356.7

o44. C
351. 5
340.3
35d.6

365.2
409. o
376.b
384.L

378.5
407.C

386.4

416.S
432.*6

439.4

446.7
43:p. 4
473.8
44t9.6t

5C 7-
1C 8-

2E 8-
30 8-

53 8-
5C 8-
1C; 8-

10 8-

2C 8-
498 8-
50 8-
30 9-

4810-
5010-

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

122
124
12t

133
134
135
136

138
143
145
150

152
157
164
168

16E
169
171

728.

701.
b33.

622.

70t.

790.

606.

749.
679.

734.
6oo4.
761.
63a.

617.
203.
61 to.
'I 4e .

51L.
530.
543.

j 12. C

456b. 9

455.q
4e7.S
4o3. 7

468.1
4 91 .

4ol.S

516.t
52o.S

516.1
510.t
482.3
523.3

526. C
555. C
532.C
4C5. t

3v1 . C
5C3.C
429. C

2All- 0
4C11- 0
1011- 6

K-402



RUN 41515E HEATER ROD STATISTICAL DATA

hAX TEMP (DEG F)INITIAL TLfiF (JEL F) TUtJNA,<U0UI liME (.LC)

CDLI

ELEV
12
24
39
48
60
67
70
73
74
75
7o
77
78
79
80
81
82
84
90
9o

102
111
120
132
13b

EL EV
12
24
39
4b
60
67
70
73
74
75
7o
77
7o
7 v
80
81
82
84
90
go

102
111
120
132
138

MAX
662.5
950.1

1275.5
1440.3
1 54o . 4
1605.2
1592.2
1484.2
1517.6
1492.3
1550. C
1554 .*
1578 .
1557.0
1540. e
1526.8
1473. C
1491.2

1295 .c
i433 . S

9dl. C
1057.E

657.2
508.7

h18

675.7
1161.1
1360.3
150c.6
15C4.1
1544.6
l£ib4 . i
151o. C
.ý405 . 5
1474.t
14b4 .2
14!)3 . 2
i49iJ . 5
1434.4
.5280 .
1473.0
1363.S
i120.3
i02O .4
787.2
710.3
57'. 3
481.3
ZS4.7

.1EAN
t51.5
S10.0

121C.2
1 'S4.5
152, . 3
1 ! 53 .6
1- to .6 a
14E4.2
15lb.b
1479.3
1 '.0e .7
1 ,Co . 5
1521.6
1530.o
1466.5
1526.6
1473.0
1439.0
1352.5
1217.2
1U2v.7

t39.5
lt8.3
5•'u.9
4.41.7

MAX
676.2
987.2

1397.0
1631 .*
1814.o
1937.4
1694.S
1794.3
1840.6
1770.9
ld67.8
1871.1
1931.5
1914.3
1940.7
1952.2
1865.5
1759.8
1798.8
1743.0
1794.3
1449.4
1422.7
1017.1
827.1

MIN
b47.8
919.2

1328.9
1549.5
1812.3
176J.7
1671.1
1794.3
1b20.3
1750.8
173008
1766.4
1747.5
1794.3
1753.1
1952.2
1865.5
1611.2
1525.7
140d.7
I118.2
105o.3
1038.7

739.9
774.2

MFAN
666.4
948.0

1352.5
1590.3
1813.1
1845.5
1879.8
1794.3
1P30.4
1763.4
1790.9
1799.!?
1836.5
1848.1
1845.9
1952?.
1865.5
1694.0
1701.1
1638.5
1455.P
1264.3
1182.8

819.1
800.6

MAX
5.5

15.5
36.5
51.0
82.5

102.0
87.5
96.5
95.0

107.0
101.0
110.0
117.0
109.0
107.0
110.0
109.0

59.5
97.0

113.0
113.0
127.0
15g.0
151.0
160.0

5.5

11.5
3C.5

81.5

42.5

96.5
6t.5

94.0

94.0

9i4.0
I1 c. Q

3 7 c. G.31.0

3E.5

5C. 0
21.0

121.*

5.5
13.0
33.t

71.2
7c.2

78 . 2

96.1E99 *

1CC.]

103.4

101.5

II0.0
Iuo.0
46.4
73.
90.2
67.C

IC4.2
120.c
127.b
145.0

TEMP axLE .EG F) QUENCH TEMP (DEG F) ZUEA•ri 11lm (Z-EL}

MAX
18.3
43.4

151 .46
206.7
305.5
310.1
326.8
310.1
323.0
296.5
329.e
316.2
36b . 2
357.3
413.0
425.3
392.5
290.0

494.2
486.3
542.5
500 . k
513. t:
359.*
479.5

MI N
13.6
33.4

121.5

16J9 . 2
260.2

24o.S
301.6
310.1
304.3
266.t
247.6
255.6
235.3
254.0
26o.7
425.3
3ý2 . 5
221.7
292o 5
372.7
320.5
337.3
284 9.6
202.6
23o.4

0 EAN
14.9
38.0

142.3
195.8
288.8
2il.a
311.0
310.1
213.7
264.1
2bo.2
291.2
:i4.9
317.5
357.4
425.3
3W2.5
2 55.0
34o.6
421.3
4 2.1
4tZ..6
414.5
278.2
35b.9

MAX
621.3
766.3
914.0
959 . E
970.5

1033.3
959.2
817.2
d16.9
967.7

1062.8
964.7

1126.6
945.
943.8
840.2
891.8
806.3
846.9
807.7
802.1
665.7
741.8
567.4
542.8

MIN
593.1
743.9
627.4
929.2
928.4
856.4
898.3
817.2
691.9
675.5
666.0
696.6
730.0
805.7
763.4
840.2
891.8
686.0
700.7
695.9
658.7
522.5
2a3.4
510.4
524.8

MEAN
608.1
757.6
861.2
944.2
944.5
933.0
925.8
817.2
754.4
771.6
853.8
853.5
885.8
896.8
874.5
840.2
891.S
763.8
780.9
769.2
715.3
601.8
599.4
540.!7
533.8

MAX
18.5
43.9

112.9
140.8
246.7

317.8
339.7
329.5
360.4
384.0
403.8
409.9
414.7
393.9
432.6
422.7
405.5
459.0
512.0
506.2
528.9
552.0
555.0
503.0
460.0

It.5
43.4

144.6
233.3
2 C.7
31S.t
329.5
34S.1
34t6b
34C.3
357.o
36t.3
373.6

369.2
4 22.7
401.5

413.t
44S.0
4t6.1
342.5
4t 3.0

Z ;0.4
38t:1. 4
42S.0

ME.N
17.3
43.7

10b.2
i46.b
239.2

326.6
329.5
354.7
35t.1
36•. 3
37b.1
3E6.7
386.,
409.0
422.7
,4C5.5
433.t
467.6
468.9
4t4.3
521.3
497.2
421.6
444.5



1250.0

1000.0

7•5.00

250.00

0.0

FLECNT-SEASC? 1t'400 MUDOLE TEST SERIES
RUN 4ISI1s CLAD TEMPERATURES
CN/SYN loll 19s1 71s3 ill, t14/5

TIN( I SECONDS I

I rLECNT-SASIT 11-400 UNDOLE TEST SERIES
i RlN RISI NtAME TRANISTER COEMMrCiENTS
SCN/SfV I all ost l2 • is 129/* iS64S, / J

.", / ,-

3

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00 3

250.00

32.000

350.00

300.00

SM).00

200.00

i! 150.00

1 100.00

150.000

• 0.0

-50.000

50.000 0

40.000 !

30.000

?0.000 -

10.000 r

0.0

-8.9090

9
CD

T

TINS I SECONDS

S I a

K-404



1250.0

1000.0

750.00

500.00

i 2"0.00

FLECUT-SEASET it-too SUN! EsT msERE
a"N 4IIS1f CLAD T[NPERATURis

is IiiI SWi il I

ZOo.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

350.00

32.000

I

0.0

90

8.s_
T.49 1 SCONOS I

s. I I S

350.00

300.00

- 250.00

2WoO.00

150.00

100.00

-50.000

S0.0

-50.00

rL(CUT-SEASET t11460 SUNDLE TE ST SERIES
41515 "1'? EA TRANSFER COEFFICIENTS

CU/6SYN 11/l Sin 91/ IRS/4 169/5

10.000

p0.000

10.000

ig
'0.000

10.000

1.0

.9090

9
40

TIME fSECONDS I

S I S
v

K-405



1250.0

100.0

7W.00

500.00

r 250.00

0.0

350.00

300.00

"250.00

00.00

150.00

100.00

$50.000

0.0

-50.000

€
(

FLECNT-SCASET 11-40 @MOLE TEST SERIES

I ON Ist C68 8 8 8LT4111

TIME I SECONDS I

FLICNT-SCASET Z t4*0 elfSI' TT SERIES
EM Isiff NEAT TERmSIER COErFIICIENTS

Coo/"SVH 16/1 $612 IIS/S 350/. 171/S

3

2000.0

1750.0

1500.0

1•20.0

1000.0

7•5.00

500.00

250.00

32.000

34.000

0.000

•0.000

10.00011

I0.00

1.0

.9m8

S

U

w

U

Va
a
4
U

4

V

0
0

a
a

TIME ISECONDSS

8 40
C!

K-406



1250.0

I000.0

M50.00

500.00

2 2•0.00

0.0

I L[CN?-SEASET al-400 SU40LL TEST SERIES
Null '1ISE B5 UNDLE VAPOR TEMPERATURES

CIN11/ v2 19S/3 199/4 1991S

O:@

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

250.00

32.000

C
C

C
C

TIME CsECORDos

C
9

30
0
0

12M0.0

1000.0

750.00

x

500.00

i
Z50.00

0.0

2000.0

1750.0

1500.0

1250.0

1000.0

750.00

500.00

250.00

32.000

TIME 4SECO0101 I

8 S

K-407



I000.0

800.00

600.00

i 400.00

I
2M.00

0.0

iLECNI-SEASIT ti-aco SIJWLE TEST SERIES
RUN 415I5E HOUSING IEMPERATUNE
CH/SyN f*EUI 26312 267/1 275/4 Zol/5

1832.0
1750.0

1500.0

1250 .0

1000.0

750.00 0

500.00

250.00

32.*000
8.

0

TIME I WORDSS

8 8 8j

1250.0 I FLECWT-SEA$ET lI-ROD SUWOLE TEST SERIES

RUN 4151SE FILLER STRIP TE14P(RATURES

2000.0

1000.0

750.00

500.00

250.00

0.0

0

0 --- ~0

1750.0

1500.0

1250.0

1000.0

750.00 i

500.00

250.00

32.000

0

0

m

8
0

TIME 4 SECOWiOS

0
€0

0•0

0

81

€2 0
0

K-408



1000.0

750.00

500.00

250.00

0.0

(
(

FL(CNT-SEASET ZI-ROD $UNCILE TEST SERtIES
NORW 4151SE ILOCKACE SLEEVE Tf 1P(RATURIS

FLCTS E 2 1-0 BUDL TES SEIE

RUN * 1515E 3LQ/P FLUID TEMPE RATURE
CHSYM 29 1/1 z9l/2 "15/3 3II/4 1/

250.00

32.000

2000.0

1750.0

1500.0

1250.0

1000.0

750.00 -

500.00

300.00

250.00

200.00

150.00

j 100.00

50.000

0.0

572.00

500.00

400.00

300.00

200.00

100.00

32.000

0

0

0CD0
CD
a

¢z

TIME ( SECONDOS

0D
0ý
05

0D
CD
0

Ur,

0D
0
0D
0D

K-409



34.996

30.000

25.000

20.000

15.000

10.000

• 5.0000

0.0

-4.9994

50.000

< 30.000

20.0

30.000

0.0

o0 ev f 0

TINE ( SECONDS I

0
0

0
0

4,

z

5

FLECHT SEASET 21 ROD BUNDLE TEST RUN 41515E
MEASURED BY TURBINE METER
RATE OF FLOODING

I.%95

1.7500

1.5000

1.2500

1.0000

O .7500

0.5000

0.2500

0.0
Co. 0

0

0:0

0

0

0u

0 0
0 0

f 0

TIME ISECONDS)

00

0
0

0
0

0
0

K-410



0.0500

0.0400

0.0300
La-

•3

9 0.0200

-K
La-

0.0 100

0.0

42.110
40.000

35.000

30.000

25.000

20.000
U,q

x 15.000

10.000

5.0000

0.0

0>
9
Q0
0D

TIME

0
0

(SECONDS)

C>
00>
CD
0n

0D

S.D
•o

0.1102

0.1000

0.0800
I

0.0600

n.0400

I

0.0200

0.0

96.836

90.000

70.000

60.000

50.000

40.000
4

30.000

20.000

10.000

0.0

I

0D
0D o° o 0o 0o 0o 0o 0oD 0 0D 0D 0, 0 00C

D 0D 01 0D C0C

TME en COND0

TIME (SECONDS)

K-411



4.2500

4 •.0000

*- 3.5000

- 3.0000

z 2.5000

,- 2.0000

1.0000

0.5000

0.0

C
C

+ FLECHT SEASET 21 ROD BU'NDLE-TEST SERI-ES ""
RUN 41515E HEATER RODS -
0UENCH TIMES (ALL TIC)F

SA

C> 0D CD CD 03 5 05 CD

CD 0 0. 0 < 0 C
C. 0D 0 C0 0. C> 0m * •

OUENCH TIME (SEC)

F'LECHT S.CASET 21 ROD BUNDLE TEST SERIES
RUN 4ISISE HOUSING

I• 0UENCH TIMES (ALL TIC)

4•4

0l l

)

13.944

12.500

10.000

z

7.5000 0

5.0000 >

2.5000

0.0

4.2500

4.0000

"- 3.5000
ua

x
- 3.0000

z 2.5000
0

2.0000

1 !.5000

1.0000

0.5000

0.0

13.944

12.500

La

10.000

z

7.5000 0

I-.

5.0000 >
"a

2. -J

2.5000

0.0
00 9 0o o

OUENCH TIME (SEC)

00

0
0

00

0
0
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3.6930
3.5000

3.0000

4 2.5000

2.0000

o 1.5000

1.0000

0. 5000

0.0

1.2500

1.0000

- 0.7500

0.5000

0.2500

0.0

o 0 0 0 0 0 0o 0• 0 0 0 0
% 4z Co C. •0 0 U

CI CN

TIME (SECONDS)

0.5356

0.5000

0. 4O00

0.3000 0

0.2000

0. 1000

0.0

1.2500

1.0000

0.7500 )

0.5000 o

0.2500

0.0

FLECHT SEASET 21 ROD BUNDLE TEST RUN %1515E
LEVEL(FT) 0-1 1-2 Z-3 3-ft f-5 5-6

! 2 3 4 5 6

I
TIME (SECONDS)

I
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3.6930
3.5000

3.0000

S2.5000C3

2.00o4

o 1.5000
-J

1.0000

0.5000

0.0

1.2500

1.0000

K

S0.7500

o 0.5000

0.0

FLECHlT SEASET 21 ROD BUNDLE TEST" RUN 41515E
LE VEL(FT) -7 7-8 8-9 9-10 10-11 1i-12

1 2 3 5 6

o o o 0 0 0 0o 0) 0 0 0 0 0

TIME (SECONDS)

FLECHT SEASET 21 ROD BUNDLE TEST RUN 41515E
LEVEL(FT) 6-7 7-8 8-9 9-10 10-11 11-12

i 2 1 3 5 6 i

0.5356

0.5000

0.4000

0.3000 <

0.2000

0.1000

0.0

1.2500

1.0000

0.7500 •

4.

0.5000 0

0.2500

0.0

I S

TIME (SECONDS)

S s.
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41807F

Test Date: 6/26/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.2 psia)

873 0 C (1603 0 F), 3C 1.78 m

(70 in.)

2.56 kw/m (0.778 kw/ft)

28.07 mm/sec (1.105 in./sec)

49 0 C (121 0 F)

502 0 C (489 0 C - 510 0 C)

E9360F (9 13o - 9500F)]

29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

-2.0% to 100 seconds and -2.5% thereafter(a)

-0.25% constant(a)

a. Relative to run 42430A

K-415



FLECHT SEASET 21 RJO dtjNOLE TEST
RUN NuM3ER41807F

TINITIAL nAXIMuA fEMPEKATU.E
CHAt. NO AT FLOOD TEIPERATU$,E RISE

ROD/E LEV

2A 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

2A 5- 7
5C 6- 2
20 6- 3
10 6- 4

SERIES.

TUR4AROJNO QUENCH
TINE TESPREATJRE
(SE94DOS) (DEG F)(DEG F) (DEG F) (DEG F)

6-
6-
6-
6-

6-
6-
6-
6-

3E 6-
4- 6-
5C 6-
3) 6-

3C 6-
4A 6-
1C 7-
28 7-

30 7-
5B 7-
28 7-
2C 7-

2E 7-
3A 7-
38 7-
43 7-

5C 7-
10 8-
2E 8-
30 8-

58 8-

iC 8-
10 8-

20 8-
43 8-

50 8-
3D 9-

4C 9-
11I0-
4810-
5!910-

4
4
4
5

5
5
5
6

6
6
6
7

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
76
85

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

171
172
174

1179.
1258.
1378.
1513.

1525.
1445.
1491.
1467.

1487.
1546.
1474.
1464.

1462.
1527.
1556.
1551.

1478.
1584.
1533.
1574.

1591.
1432.
1495.
1515.

1559.
1376.
1485.
1506.

1354.
1471.
1536.
1494.

1459.
1322.
1207.
1390.

1269.
1346.
1137.
1031.

1240.
1223.
1150.
1068.

1104.
656.
914.
786.

555.
715.
288.

1340.
1364.
1539.
1820.

1765.
1709.
1697.
1667.

1834.
1730.
1654.
1684.

1700.
1739.
1807.
1669.

1737.
1816.
1727.
1647.

1884.
1704.
1684.
1680.

1722.
1571.
1743.
1770.

1574.
1685.
1793.
1756.

1 92.
1604.
1451.
1707.

1555.
1644.
1441.
1265.

1613.
1569.
1444.
1427.

1477.
1102.
1304.
1155.

800.
1054.
834.

161.
105.
161.
307.

240.
264.
207.
200.

347.
184.
180.
220.

238.
211.
251.
318.

260.
232.
195.
273.

292.
272.
189.
104.

163.
196.
258.
264.

221.
214.
257.
262.

233.
282.
243.
317.

286.
298.
303.
234.

374.
346.
294.
359.

373.
446.
389.
369.

245.
339.
547.

39.5
33.0
44. 5
73.0

50.0
64.0
52.0
61.0

83.0
50.0
50.0
50.5

53.0
52.0
61.5
83.0

35.0
52.0
50.5
84.5

85.0
85.0
36.5
36.5

36.0
37.5
50.0
52.5

4 0. 15
50.0
49. 5
60.5

52.0
$2. P
50.0
63.0

85.0
83.5
52.5
38.5

75.5
62.0
85.0
84.5

34.0
151.0

14.0
125.0

127.0
125.0
155.0

868.
840.
908.
959.

927.
267.
691.
948.

244.
8u1.
7o5.
961.

861.
789.
571.

1130.

287.
781.
861.
798.

925.
991.
697.
778.

7j9.
668.
896.
884.

827.
846.
796.
822.

824.
765.
740.
884.

648.
741.
625.
659.

746.
672.
634.
705.

640.
715.
592.
664.

563.
509.
574.

UE NZH
TIME
(SECONDS)

103.9
99.7

151.4
222.8

274.8
560.0
34b.6
305.8

635.0
350.2
350.0
313.7

300.9
355.4
367.0
345.3

383.0
358.0
366.9
365.1

362.9
317.7
418.0
391.0

388.8
428.6
419.0
417.9

407.5
417.5
431.8
429.0

435.9
459,3
441.4
432.0

461.5
467.3
484.7
452.0

469.9
487.0
481.5
474.4

495.9
476.9
511.0
455.4

437.1
511.6
485.9

3
0
0
0

2A11- 0
4111- 0
1;11- 6

K-416



RJN 41807F HEATEK kOU STAT.1TICAL D0T&

MAX TEMP (DEG F)I1ITIAL TEMP (DEG F) TiRNAROJUN TIME (SEC)

I--

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
95

102
111
1?0
132
138

FLEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
120
132
138

4AX
731.8
906.1

1258 .1
1442.4
1513.3
1599.9
160-2.2
1556.5
1452.1
1447.8
1487.4
14:18 . 1
1545.7
1555.6
1583.5
1531.4
1591.1
1512.2
1558.7
1536.0
1413.5
1240.3
1104.2
917.4
715.2
661.7

MIN
678.5
906.1

1159.1
1330.2
1452.1
1497.1
1371.0
1507.9
1348.2
1381.6
1371.3
1392.3
1396.3
1461.7
1445.7
1448.9
1431.7
1512.2
1375.5
1353.5
1207.1
1003.0
953.5
655.5
485.2
287.7

MEAN
705.1
906.1

1198.8
1382.0
1476.1
1552.9
1452.2
1532.2
1400.2
1414.7
1446.7
1447.4
1479.3
1500.3
1517.1
1521.2
1512.4
1512.2
1490.1
1463.1
1336.1
1159.2
1028.7
821.2
569.8
521.2

MAX
744. 1
932.6

1363.5
1589.5
1820.3
1871.1
1855.3
1825.9
1773.1
1735.2
1787.6
1832.7
1833.8
1606. 7
1868.9
1847.4
1883.6
1756.4
1750.8
1799.9
1755. 3
1613.4
1477.3
1339.4
1054.2
1037.7

MIN
692.0
932.6

1313.1
1477.3
1718.5
1744.1
1600.3
1760.9
1655.9
1657.0
1648.3
1042.8
1643.9
1675.5
1690.b
1660.3
1704.0
1756.4
1571.1
1574.4
1450.5
1212.9
1216.0
1101.6

710.6
834.4

MEAN
718.0
932.6

1339.0
1528.7
1753.2
1795.3
1685.6
1793.4
1714.5
1696.1
1723.9
1713.1
1719.7
1735.2
1752.2
1764.7
1793.3
1756.4
1675.6
1712.5
1637.0
1458.d
1334.7
1217.7
852.5
912.5

iAK
5.5

10.0
39.5
45.0
82.5
62.0
65.5
62.5
85.0

103.0
88.5

104.0
92.0
86.5
55.0

103.0
85.0
84.5
37.5
S3.3
85.0
85.0
88.5

151.0
137.3
155.0

4.5
10.0
33.0
36.0
73.0
50.0
50.0
52.0
66.5
70.5
62.0
51.0
49.0
60.5
50.5
61.5
68.5
84.5
36.0
40.5
50.0
37.5
60.0
89.5

125.0
126.0

MEAN
5.0

10.0
36.8
40.5
78.7
54.2
54.1
57.2
75.7
86.7
70.3
76.8
68.7
71.1
65.3
75.3
79.4
84.5
36.5
53.3
69.1
59.6
72.7

109.6
128.8
136.7

TEMP RISE (DEG F) QuEhtH TEMP (DEG F) OJENCH TiAE (SEC)

4AX
13.5
26.5

161.4
161.1
307.0
271.2
293.6
269.4
321.0
287.4
320.5
363.5
347.2
314.7
317.6
288.4
292.5
244.2
207.2
268.5
341.8
373. 7
379.3
446.0
339.0
546.7

MIN
12.3
26.5

105.4
131.9
257.9
215.2
193.6
253.0
307.7
275.4
260.1
199.4
150.2
204.3
194.7
207.3
247.4
244.2
163.1
214.0
243.4
209.9
228.5
368.5
225.6
251.1

ME AN
12.9
26.5

140.2
146.8
277.1
242.3
233.4
261.2
314.3
281.4
277.2
265.7
240.4
234.9
235.1
243.5
280.9
244.2
185.5
249.4
301.0
299.6
306.0
396.5
282.7
391.3

MAX
658.3
751.6
887.2
914.5
958.8

1032.4
934. 2
932.2
246.8
281.3
839.9

1230.3
1076.4
1105.7
1130.0
1025.6

991.0
853.4
843.6
o50. 1
884.2
74o.2
706.7
714.6
593.2
574.2

MIN
632.0
7?S. 6
840.3
89go.7
832.5
926.9
249.0
282. 3
238.2
253.3
238.2
231.8
243.6
570.7
286.6
768.7
771.7
853.4
667.8
696.2
647.7
003.6
532.0
592.0
508.9
52•. 7

MEAN
64j.2
751.6
865.3
907.3
894.4
967.9
520.9
607.2
242.5
267.3
381.6
578.5
620.5
809.6
859.7
861.0
885.7
853.4
756.9
840.8
786.6
662.6
643.6
641.7
560.5
556.5

IAX
17.0
43.5

103.9
151.4
237.6
287.7
587.0
547.0
506.0
580.0
512.0
625.0
635.0
403.0
385.0
413.5
396.4
366.5
428.6
444.0
467.3
494.0
495.9
511.0
511.6
518.0

M Im
16.7
43.5
99.7

138.0
222.8
274.8
293.7
302.5
587.0
548.0
334.9
208.1
291.8
300.9
289.7
310.6
317.7
366-5
359.0
400.3
424.8
452.0
400.9
455.4
317.9
485.9

MEAN
16.9
43.5

102.1
144.6
231.4
279.7
436.8
425.7
596.5
564.0
505.0
432.6
435.4
349.8
352.2
368.9
367.3
366.5
396.6
420.8
447.9
475.5
463.7
490.8
431.4
498.1
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42804A

Test D ate: 4/2/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

874 0 C (16050 F), 3C 1.83 m

(72 in.)

1.0 kw/m (0.32 kw/ft)

13 mm/sec (0.52 in./sec)

50 0 C (122 0 F)

522 0 C (516 0C - 525 0C)

[971oF (960°F - 9770F)]

32.3 mm (1.27 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power-

approximately 1.9% increase at 260 seconds(a)

exponentially increasing from 0% to -2.5% by 220 seconds(a)

a. Relative to specified conditions

K-429



ROD/IELEV

rLECHT SEASET 21 ROD BUNDLE TEST
RUN NUMBER42804A

TIhilJAL MAXIMUM TEMPERATURE
CHAN . hU Al iLCOO T EPeEATURE RISE

(uE4 F) W)tG F) (DEG F)

2A
4C
1 C

2A

24
1D
2D
3D

5C
1D
4B
5D

24
33
3D
20

3-
3-
4-
5-

5-
6-
b-
6-

6-
6-
6-
6-

6-
6-
6-

6-

6-

7-
7-

3
3
0
0

7
2
2
2

2
3
3
3

9
11

14
17

21
5C
53
56

63
06

70
75
7;
o4

65

467

i01
lil

1±1

1061.
1103.
13CC.
1329.

let2.
1473.
1573.
156bb.

1512.
14J6.
1546.

1474.

1473.
1574.
15 -5.
1558.

i±27.

±197.
1.57.
1377.
14 C9.

1115.
1219.
1368.
1444.

1578.
1635.
1751.
1780.

1643.
1623.
1734.
1642.

1649.
1777.
1773.
1755.

1802.
1675.
1798.
1623.

1612o
1590.
1618.
1665.

54.
56.
67.

115.

116.
162.
178.
191.

131.
165.
188.
167.

176.
202.
238.
198.

225.
178.
239.
196.

415.
132.
240.
256.

SERIES

TURNAROUND
TIME
(SECONDS)

36.5
31.5
37.0
58.5

59.5
113.0

79.5
79.5

58.0
112.0
80.5

114.0

113.0
79.5
96.5
93.0

05. 5
94.0
96.5

128.0

179.0
58.5

115.0
9B.0

T LMRPEATUkE
(0D:6 F)

74b.
812.
b06.

706.

692.
924.
604.
853.

924.
4.i7.
623.

b5b.
693.

757.

704.
b72.

727.
90c, .
754.
597.

QUENCih
TIME

(SECONDS)

105.5
105.9
155. 9
218.C

260.6
311.9
313.6
317.8

298.9
320.6
325.7
317.S

328.5
328.6
346.6
333.1

338.7
330.S
346.7
336.1

448.9
327.3
3b6.7
376.0

4
4
6
5

5
5
6
t,

3D
5C

28

0
6
C
0

3D 7- 0
58 7-. 0
24 7- 6
2^ 7- 6

115
1±7

121

122
123

127

2E

45

21
4C

58
5C

ID

2C

5D
35

7-
7-

7-
7-

7-

6-

6-

B-

5-

g-

6

6

6

6

0
6

0
0

0

6

6

6
9

3

3
0
0
0

12C
i31
i33
136

136
13,
141
142

14,3
145

154

15t
1ol
i 6'.
107

1 o6
170
£72

143£
1I 37.

Ii i ER D CC

13;3.

127o.

.342.

±3 5t.

1240.
1154.

L 14.
1545.

1156.
•iC3,

839.

I04l.

ýv4 7.

S37.
54".
743.

2'.4.

1704.
1505.

3 L P L E D
1679.

1533.
1532.
1:, q3.
1656.

1471.
1516.
1225.
1766.

1496.
1407.
1439.
1258.

1543.
1555.
1425.
1412.

1427.
1002.
1230.
1103.

731.
973.
764.

272.
228.

A T A

315.

257.
252.
301.
298.

231.
362.
551.
222.

340.
303.
459.
419.

502.
463.
477.
573.

490.
437.
437.
420.

235.
354.
470.

114.0
131.0

131.0

179.0
160.0
160.0
161.0

130.0
179I.
233.1

96.5

13.0
178.0
211.0
235.0

179.0
179.0
lq4.0
231.0

198.0
182.0
240.0
19Z . 0

313.0
196.0
203.0

734.
775.

7o9.

763.
037.

72e

819.

774.
94Z.
o67.

75 .

553.
547.

560.

60 3.

700.
56L.
b55.
741.

b03.
58,.
943.

375.G
367.6

406. E

364..7
408.4

410.E
412.2

391.1
442.
474. C
340.S

446.S
429,.1
466. C
453. C

471.C
462.0
474. C

4i0. 0
501.0
518. C
469 *

483.5
525.C
66 * 6

4^, 4-
1010-
4813-
5)10-

2A11- 0
4C11- 0
1311- 6

K-430



RUN 42804A HEATER ROD STATISTICAL DATA

INITIAL IEfr tUEG F) MAX TEMP (DEG F) TURNAKJUNi lirtE (SEC)

ELEV
12
24
3y
46
60
67
70
71
72
74
75
76
77
7b
84

q o
102
illi
120
132
13o

E LI EV
12
2,
34
4o

66
b 7
70
71
72
7.
75
70D

77
7o

6'.
90

102
111
12U
132
13o

MAX
496.2
791.7

1163.3
1320.4
i438.6
155d.5
1599.d
1600.2
lo05.2
1593.7
1587.2
158..0
1577.i
1559.1
1 32.2
1391.7
i2o2 . 3
1092. i

940.3
792.7
olo. "
569.7

Muh
473.3
722.0

i046.7

1293.a
1457.3

146%.l
1474. It4
1407.5
1456.4
1450o*
i

4 3
J.b

1427.3
. 7

.103.6

7±. .4
56j .(

294.2

PEAN
42.8
756.6

Ic0.2
1271.2
1344.3
1485 . 0
1544.0

1540.5
1541.9
1533.4
1531.2
1514 .
14q8.5
1350 .6
130e .
I A2v

9t3.1

67 .7
530.7
4 54t. 7

MAX
514.0
814.7

1219.•1
1404.4
1585.2
1706.2
1769.8
1779.8
1786.5
1794.3
1796.6
1799.9
1802.2
1797.7
1704.0
1693.C
1650.5
1554 .1*
142t.9
1294.3
972.8
96.6

MIN
491.5
754.5

1112.0
1304.8
1418.4
1577.6
1618.8
1626.5
1611.2
1622.1
16Z 3.2

1034.1
1626.5
1589.5
1505.2
1470.9
1225.4
1257.°
1192.0
1001.6

727.5
763.9

MEAN
500.%
785.6

1148.7
1347.8
1471.8
1614.1
1688.8
1706.1
1693.4
1713.7
1715.8
1721.5
1714.4
1707.P
1513.Q
1586.9
1510.7
1449.6
1322.5
115 1.5
790. 14
834.5

MAX
16.5
34.5
38.5
57.0
60.5
77.0
78.5
80.0
80.5

113.0
114.0
115.0
i2e.0
128.0
131.0
179.0
233.0
235.0
233.0
287.0
313.0
298.0

PiN
15.0
26.5

31.5
37.0
43.5
5S.0
59.0
59.0
56.0
5 E.0
7-.5
79.5

96.0
1 3,.C
1 7L.. C
17;.,
147.0
16i.0
19t.0
2to4. 0

MEAN
16.1
31.6
35.5
43.3
55.3
63.9
65.5
73.1
71.7
80.5
91.7
92.6
99. b

IC1.C

114.7
147.4
± 6o. 6

IOo. 7

244,9

257.5
2t9. 2

wo TEk? k13R. (LEG F) SUENCH TEAP (DEG F) OUJ~,.r1 IIKL iSEC)

MAA
* .2

65. 3
051 . 3

iso.
i1,7 . ?
17u. 0
17,.5
ioI • 3
200.5
209.3

215.6
225.1
23o0.1
30Ž .
319.7
550.9
507.4
573.0
50 9.6
354.3
4 0o,. *;

15.b
* .7

67.4

12o *0

142.4
124 .2

131.3
10'..

175.4
17o L
132
22± *

230 *

303.2

39ý . L
337.u
202.2

17.o
2 7.0

7o.5

127.i
12v.1

144.6
157.3

17± *

182.4

209.3
255.3

ie4.6
361.3
4t0.5

4t2.2

374.C

lAX

512.1C
763.0
812.3
401.2
746.b
o92 . C
674. 6
947.6
912 . 9
924,.2
925.6
842.7
906.0
699. 5
775.1
842.3
606.5
600.6
760.4
741.0
715 . C
731.9

MIN
491.5
694.3
092.9
77u.Q
671.2
792.2
802.2
794.1
818.3
603. R
7561.9
81o.3

757.5
783.3
597.3
725.6
b41.6
516.?
613.2
562.2
5d8.7
542.1

MzAN
499.1
726.0
751.1
830.5
700.8
P55.9
850.2
964.4
86903
867.6
854.4
955.3
845.3
851.2
bQ4.0
7)3.)
7455.1
559.9
694.4
550.4
646.0
634.2

MAX
19.6
4H.4

106.9Q
155.9
226.0
265.9
235.3
297.3
302.5
317.9
325.7
331.Q
338.9
346.8
376.0
412.2
474.0
482.0
498.0
518.0
525.*0
536.0

105.5

259.7i. 41. c

263.o
2E2.7

317.9
31L.t
33C.9
327.3
3 :C. 0
3o4.7
42;.1
435,.

4t1Ž. t
409.0

3 73.C
431.6

4t.2

106.1
146.3

220.2
262.5
284.5
291.0
295.6

310.6
321.7
325.9
334.6
341.1

C71.2
403.b

447.5
463.8
477.2
403.b

:;03. 1
444.6
487.



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42204B

Test Date: 6/20/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.7 psia)

878 0 C (1613 0 F), 3C 1.78 m

(70 in.)

0.99 kw/m (0.30 kw/ft)

13 mm/sec (0.52 in./sec)

52 0 C (125 0 F)

547 0 C (541 0 C - 5490 C)

[1016OF (1006 0F - 1021OF)]

36.1 mm (1.42 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dplane:

-1% to 80 seconds, -0.5% to 260 seconds, and -3% thereafter(a)

-0.5% linearly increasing to +1.25%(a)

a. Relative to run 42804A

K-432



ROD/ELEV

FLECHT SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER422045

TINITIAL MAXIMUM TEMPERATURE TURNAROUND QUENCH
CHAN.! NO AT FLOOD TEMPERATURE RISE TIME TE4PREATURE

('EG F) (DEG F) (DEG F) (SECONDS) (DEG F)

2A
4C
iC
ZA

2A
ID
20
3D

5C
ID
4A
SD

2A
2D
38
3C

3E
3C
3D
4A

4C
5C
iC
28

3D
5S
2B
2C

ZE
3A
35
4A

sC
ic
2E
3D

SB
Sc
ic
ID

2C
AD
5D
3D

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-

6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-7-

7-

7-
7-

7--
8-
8-

8-
8•-
8-
8-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4

6
S

6
6
6

6
6

0
0

0
0
6
6

6-
6
6
6

9
11
14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

166
170
172

1106.
1253.
1321.
L364.

14?1.
1419.
1510.
1347.

1P4??
1431.t
1334.

1417.
1534.f
1566.
L600.

1468.
1579.
1341.
1411.

1351.
1454o
1412.
1444*

1484.
1339.
1409.
1'419.

1228.
1387.
1436.
1'443,

1400.
1175.

975.
L250.

1146.
1278.
985.
802.

1t082
1176.
1000.
917.

1009.
598.
879.
711*

552.
653.
309.

1145.
1283.
1354.
1496.

1587.
1581.
1691.
1720.

1611.
1574.
1665.
1606.

1560.
1688.
1709.
1754.

1608.
1762.
1732.
1594.

1732.
1596.
1604.
1670.

1717.
1524.
1665.
1697.

1502.
1618.
1701.
1677.

1609.
1552.
1474.
1629.

1486.
1565.
1481.
1355.

1582.
1600.
1438.
1433.

1467.
1114.
1342.
1103.

784.
1068.
835o

39.1
30.1
33.1

131.1

116.1
162.,
191.1
172.1

134.1
144.i
131.o
188.1

143.o
154.1
143.1
154.t

140.1
183.t
191,f
182.

1900,
142.'
191.h
226.1

233.1
185.1
256.'
278.'

274.1
231.t
264.
234.!

209.1
377.
499.1
378.

340.1
287.1
495.t
553.'

500.1
425.'
437.1
516..

457.1
516.1
462.
391.1

232.9
415.1
526.

29.0
26.0
26.0
68.5

70.0
142.0
105.0

95.5

88.0
69.5
93.0

143.0

141.0
91.5
90.0
91.0

109.0
91.5

104.0
144.0

91.5
127.0
127.0
110.0

108.0
144.0
142.0
144.0

193.0
143.0
144.0
127.0

143.0
179.0
245.0
162.0

225.0
193.0
161.0
244.0

161.0
210.0
228.0
226.0

225.0
297.0
221.0
297.0

352.0
214.0
338.0

706.
819.
782.
713.

854.
854.
682.
779.

887.
825.
826.
838.

765.
778.
775.
777.

839.
849.
774.
854.

813.
893.
691.
674.

668.
719.
732.
723.

751.
791.
766.
693.

804.
761.
681.
728.

704.
752.
558.
563.

565.
652.
509.
682.

667.
635.
624.
602.

601.
569.
667.

QUENCH
TIME

(SECONDS)

119.0
118.0
160.4
242.4

289.8
340.1
353.8
347.0

337.7
320.8
352.9
370.9

361.6
366.2
365.8
362.6

361.6
371.2
377.7
374.7

373.2
368.9
403.0
414.1

408.0
409.9
454.8
449.2

447.9
444.8
447.9
442.5

434.9
476.9
484.8
476.9

491.5
472.8
507.6
505.8

517.6
511.8
512.0
529.0

532.0
545.0
561.0
555.0

537.0
571.9
516.0

6
0
0
0

0
0
6
6

8- 6
8- 6
8- 6
9- 3

4C 9- 3
1010-- 0
4810- 0
SDID-- 0

2A11- 0
4Cll- 0
1011- 6

K-433
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42804C

Test D ate: 8/27/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

877 0 C (1610 0 F), 4C 1.70 m

(67 in.)

0.98 kw/m (0.30 kw/ft)

13 mm/sec (0.52 in./sec)

49 0 C (121 0 F)

529 0 C (516 0 C - 538 0 C)

[985 0 F (960°F - 10OIF)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+6% for 10 seconds, -0.5% to 150 seconds; increased to -1.5%

thereafter(a)

-0.5% linearly increasing to +1.25%(a)

a. Relative to run 42804A

K-435



RODIILEV

ýLc£IHT 3EASET 21 ROD 8JNDLE TEST SERIES
(UN tNU.bER42804C

lIhITIAL MAXI MUM TEMPERATURE TURNAROIuND QbLtCH
CrIAN. hU A I FLOUU rtmPERArURE RISE TIMF TEAPREATUki

(uE. i ) F) (DEG F) (SECONDS) (DEG F)

2A
4:
IC

24

24
10
2D
3)

43

5:
ID
5D

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-

3
3
0
0

7
2
2
2

2
2
3
3

24 5- 4
36 6- 4
2) 6- 5
3C b- 5

3E
3:
30
4A

4Z
5:
1:
23

3)
53
28
2C

34
33
43

5C
ic
2E
30

53
5C
1C
10

6-
6-
6-

6-

5-

6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-

3-

5
6
6

6
0

0
0

0
0
6
6

6
6
6
6

9
11

14
17

21
5C
53
5c

oC
ol
63

70
75
d4
d 5

do

'45
lu1

111

117
i.2C
121

122

123
i2'7

127

£31
1 3
j. 36

i 3E
139
14,1
i4.2

10iU.
12it.
13 .12.
1344.

15C6.

140.

1554.

14tU.1'.15.

1I#5 5.
1577.
154'1.
1541.

£512.

15 4.

14 7.

1532.
13 '.
14 C 3 .

14 L2.
13j4.
13 c.
130c.

icc5.

13 i
3

.
14(2.

11.

1240.

1153.

to77.
7tc.

1125.
1254.
1402.
1507.

1604.
1591.
1608.
1710.

1671.
1646.
1594.
1595.

1563.
1696.
lo95.
1765.

1608o
1771.
1736.
1611.

1745.
1633.
1635.
1b0.

1712.
1527.
1649.
1676.

1497.
1b05.
lo01.
1657.

1595.
1537.
1462.
lo37.

1464.
1561,.
1%87.
13•.3

44.
28.
50.

113.

98.
126.
190.
152.

107.
175.1
145.1

115.

128.
120.
151.
174.

96.
201.
193.
154.

179.
101.
241.
277.

300.
203.
273.
311.

412.
232.
279.

266.

215.
378.
531.
397.

311.
267.
510.
617.

45.5
25.0
43.0
64.5

64.5
121.0
121.0
86.5

82.5
106.0
121.0
88.0

87.0
67.0
87.5A5.5

82.5
90.5
88.0

106.0

86.5
67.0

121.0
101.0

104.0
122.0
122.0
137.0

179. 0
122.0
121.0
121.0

122.0
172.0
222.0
?09.0

204.0
156.0
157.0
187.0

141.0
202.0
214.0

221.0
283.0
250.0
213.0

337.0
211. 0
316.0

b14.
603.
7? 2.
799.

o56.
642.
637.

66£.

7c G.
106b.
t01.
6b3.

o5o.
775.
783.
7o3.

7o 7.
720.

cob.

002.
tOl.801.

t0l.

71 o.

71.
735.

t73.

b47.
75c.
72t.
720.

737.
67£.

o 59.
67i.

713.
767.

50~

4.52.

504..
564.
052.

b47.
t4b.
61b .
7%4.

503.
543.
507.

QUENCH
TIhE

(SECONDS)

108.b
116.C
163.4
232.*9

275.6
344.f
349. C
353.1

348.t
322.7
350*.S
348.t

325.',
350.6
3dl.
356.t

333.8
366.7
372.8
3o 3.8

3t83.5
3o0. b
364.0
34i.7

3tO0. 9
355.7
421.4
431.7

419.c
406.1
420.b
426.0

405.4,
457.6
43b.7

45d.3

401.7
It37.8

4o4t. E

469.4

6
00
o'

C)
0
6
6

48a2D 3-
50D•

30 3-

4d10-
5)10-

6
6

b
3

3
0
0
0

14 5
146
154.

15t
lol
lo'

£06

17C
172

r.c 3.

a 37.
642.

"13.

2co.

J L P L E D A T 3
1i42. 387.
1430. 431.
14,0. 540.

1424. 441.
982. 390.
z)99. 462.

10o3. 392.

754. 200.
1079. 438.
761. 475.

46c9.4
481.4
509.2

5 C'.. C
536 . 0
477.1

522.5
541.0
3,5 0. E

2311- 0
4: 11- 0
1011- b

K-436



ikUN 42604C HEATER it(]f STATTSTICAL DATA

MlAX T6,IP (DEG F)INiTIAL TLai (OLc F) TURNAKOUtd; 1IM (SLCJ

EL EV
12
2,t
3",
40
60
67
7u
7 1

72
7.,
75
7o
77
7 b

9't
9Q
9o

102
111
12u
13?
13 c

£L c v
12
24
3',
4 ý
6 u
67
7u
71
72
74
7?
76

77
70
8'.
9 u
9b

102
111
120
132
13o

MAAX
o73.C
903 . 7

1225.S
13 N . 7
1394..
I 60) . ',
i54,0. 2
1552.7
1512 . 7
1 57q . 2
i594.e
io00. 3
1591 * I
15t9. 5

1433. co
£402.3
1306 . 3
1105.7

630.4

t22 . 5

023.3

13C4. 2
137o.1
.L474 *6

,L40
5 3

1457.5
14,9~.2
1445.7

.430.1
.40o.0
130o. I
1174.0
106ý.c
150.1
7oo.4

796.3
5•2 .4

1030

rcAh

ct67.3
113o.6
i335.s
13i0.5
1519 . 7

1522.9

I1s.0
iS.•3.g1I 3ot . 0

.•3u.0

1521.1

1635.5
133o.o

1107.'.

S32.6
i2o.3
S5o.o
475.0

MAX
675.2
916.1

12i 3 . 6
1439.6
1532 .2
1722.9
1760.9
1750.d
16l9 . 2
1729.6
1729.6
1747.5
1755.3
1770.9
1715. 1
16io.0
1647.2
i5 8 . 2
1439.8
1305.8
1078o9
972.6

MIN
604.6
644.7

1124.5
1364.5
1507.4
1592.7
1628.7
1622.1
1647.2
1573.3
1590.5
1583.0
1594.9
1599.2
1423.7
1496.6
1464.4
1383.4
1246.3

982.3
753.5
760.7

MEAN
629.6
882.3

1192.5
1398.8
1516.0
1628.8
1698.5
1684.6
1653.2
1652.4
1554.0
1651.9
1570.2
1675.0
161q.3
1620.5
1563.1
1473.7
1368.6
1188.6

853.6
850.6

MAX
9.5

24.5
48.5
57.0
82.0
82.0
84.5
87.5
87.5

141.0
121.0
137.0
121.0
157.0
176.0
179.0
222.0
205.0
279.0
283.-0
337.0
316.0

rIN
3.0

15.0
25.0
42.C
64.5
63.Q
t5.5
03.0

t3.5

65.0

81.5
t7.C

121.0
13t.0
141.0
2 C . 0,

1ot.0
20t.0

MEAK
7.3

16.2
39.4
47.9
7C.6
72.8
7;.4

76.5
q4.3
b4.4
65.2
90.9

,C 1.8
117. 3
135.4
175.1
162.3
226.0
234.3
265.8
267.4

TEIMr A'.S tuEG F) JUENCH TEAP tDEG F) QULACH 11ML (ýLCJ

MAX
s.2

21.2
o2 . c

61.2
j32 . 5

121.4
101.t

201.3
1 5vI . Y
1o9 . 1;
145.5
i6i . 6

o06.9

224.2
311. 7
412. C
531 .5
61o . r,
539.7
53't.6

436.4
475.1

2.1
i1.3

113.5
27.o

1I .6
i23.1
134.4
106.5

72.4
54.t0
43.7

iLCo . 6
203.2
215.2
26~o b6
.00.6
37v .2

3b4.b2w. . t
icb6 6

tCAN
3.7

15.0
43.7
62..9

i21".4

161l .7
147.2
137.4
liO.2
12i.9
149.1
16o.7
2c3.9
201.9c
355.b
489.2
4 36.0
460 .o

374.o

1A X
645.2
763.5
629.6
799.2
8i 3.6
944.2
8s6.6
967.6
911.3
656.5
661.3
858.5
d58.0
867.2
810.0
78 3.0
7o6.7
568.9
670.3
7S9.7
722.2
869.7

MiN
595.4
722.6
763.5
776.3
762.2
636.5
640C.
860.3
671.5
636.7
736.3
734.3
782.7
751.7
598.0
b47 .1
659.1
451.5
606.1
590.9
502.8
285.6

IF4•
614.5
737.5
802.4
796.0
905.0
868.7
870.0
935.0
8:?1 .*1
748.7
807.A
704.1
818.6
795.3
682.7
7?5 .
705.6
537.6
646.6
654.1
609.0
595.1

MAX
21.4
56.7

118.6
165.9
235.9
279.8
308.7
313.8
305.6
353.1
356.9
361.0
370. Q
376.7
39000

431.7
463.9
492.0

511.0
536.0
541.0
550.8

55.2

10t.o
154.7
23L.v
2 72.3
29t.7
303.o
3,4.5
321.7
344.1
325.5
34o.6

355.7

371.o
437.6
46S.4

440.9
41.1
326.o

MEAN
19.7
,5.S

114.1
163.1
233.2
275.o
303.S
309.7
305.1
342.t3
349.7

354Y.4

364.4
3o1.5
413.Z
455.0
462.4
500.9
502.4

473.9
444.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42404D

Test D ate: 10/17/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

878 0 C (1613 0 F), 3C 1.78 m

(70 in.)

1.0 kw/m (0.31 kw/ft)

13 mm/sec (0.51 in./sec)

51 0 C (124 0 F)

542 0 C (532 0 C - 550 0 C)

Iloo07F (989oF - 1022oF)]
50.5 mm (1.99 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dplane:

-0.5% for 260 seconds, and decreased to -3% thereafter(a)

-0.5% constant(a)

approximately +4%(a)

a. Relative to run 42804A

K-438



RODIE LEV

24 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

2A 5- 7
20 6- ?
30 6- 2
5C 6- ?

11 6- 3
49 6- 3
50 5- 3
2A 6- 4

FLEC-T 3EASET 21 RJO 8BUNULE TtST
Aj., tMJA3EK42404U

riVLTIAL 4AXIMUM tEMFEKATUmE
CHA4. NO AT FLOW0 TEMPERATIuk ki&E

(DEG F) ()EG Fi (jEG F)

SERIES

TUR4AROJ40 QUENCH
TIME TEMPKEATdAE
(SE:O03) (DEG F)

7
9

10
13

16
50
55
59

61
66
68
70

3R
10
20
3C

3E
3C
3D
4A

6-

6-
6-

4
5

5
5

6
6
6

#, A 0
82
84
85

86
97
98

100

4C 6- 6
5f 6- 6
IC 7- 0
20 7- 0

30 7- 0
5B 7- 0
23 7- 6
21 7- 6

101
103
iii
I1

2E 7-
3A 7-
31 7-
44 7-

5C 7-
IC 8-
2 E 9-

3D 9-

58 6-
5C 5-
1IC 8-

49 9-
50 8-

30 9-

4C 9-
1)10-
4910-
5D10-

5
6

6
6

6
0
0
0

0
0
6
6

115
117
121
122

123
1124

125
128

129
132
134
137

139
140
141
142

143
145
148
155

157
160
163
166

167
169
170

1090.
1203.
1306.
1393.

1475.
1539.
1530.
1531.

1481.
1549.
1465.
1469.

T H E R 4 0
1461.
1547.
1598.

1487.
1586.
1563.
1460.

1567.
1520.

T H E R M J
1413.

1431.
1306.
1 391.
1359.

1214.
1393.
1425.
1418.

13q7.
1162.
1112.
1291.

1241.
1315.

977.
865.

1022.
1136.
1063.

880.

962.
566.
831.
701.

553.
640.
274.

1136.
1241.
1351.
1527.

1578.
1687.
1733.

1629.
1694.
iý 094 .

C 0 U P L E U A T A
1613.
17u1.
17 t53.

1 612.
1762.
1734.
16

2
d .

46.
38.
45.

134.

10 3.
148.
203.
115.

147.
145.
129.
146.

152.
15 3.
162.

176.
172.
107.

1740.
1637.

C JO UP L E L
1o92.

1702.
1544.
106t.
1070.

14 u?.
117.

1o92.

1672.

1604.
1489.
i457.
1t35.

1ý27.
1282.
1 4 79.
1476.

1566.
1i 37.

446 .
1471.

1442.
1067.
1289.
1105.

793.
iu93.

718.

173.
117.

A r A

279.

274.
238.
273.
311.

268.
224.
2o 7.
204.

206.
327.
345.
344.

286.
267.
502.
611.

546.
400.
38 5.
591.

480.
501.
458.
404.

240.
4i3.
444.

45.5
36.5
45.5
76.5

60.0
57. 5
37.5
78.5

95.0
62.0
99.5
?5. 5

35.0
58.0
79.0

81.0
32.0
92.5

101.0

83.0
91.5

35.5

98.0
1 ?8. 0
141.0
141.0

143.0
141.0
124.0
126.0

1?6. 0
176.0
175.0
174.0

150.0
144.0
131.0
191.0

190.0
144.0
191.0
238.0

207.0
288.0
225.0
209.0

206.0
224.0
335.0

792.
816.
860.

844.

848.
808.

287.
842.

850.
842.
851.
879.

846.
833.
811.

862.
821.
790.
823.

817.
871.

624.

008.
o75.
763.
745.

744.
778.
755.

724.

766.
748.

765.
753.

719.
765.
593.
650.

544.
572.

620.
666.

665.
287.
637.
704.

548.
592.
443.

QUENCH
TIME

(SECONOS)

115.7
115.2
152.9
233.9

275.3
328.9
560.0
327.8

332.9
337.8
329.8
338.9

343.8
346.0
342.8

345.9
350.5
354.9
360.4

356.5
348.9

381.0

381.0
356.9
409.5
430.7

409.2
403.9
408.2
421.9

399.9
456.6
444.8
444.7

445.4
431.0
491.0
481.9

490.0
489.0
474.7
500.0

503.5
510.0
536.0
489,9

537.0
543.0
531.8

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

K-439



RUN 42404U -iEATER kUJ ,.TATLSTICAL DkT&

MAX TEMP (DEG F)1,ITIA.. TE,'iP (DEG F) TJR4AKUUND TIME (SEC)

ELEV
12
7 4
39
48
to

67
70
71
72
.4

75
,6

77
78
E4
10
is

132

1?0
132
133

fAX
580.8
851 . 3

1203.2
1336.0
1496.0
1596.5
1512. 8
1557.2
1599.7
1564 . 1
1548.9
1511.0
159-7.6
1535 .7
1436.0
1425.3
1343.7
1136. 1
361. 6

313 .0
640.2
525.0

IfN
627.2
927.5

109'. 8
1288.8
1361.1
1467.8
1522.6
1557.2
1381.4
1435.7
1464.6
1468.9
1459.2
1452.8
1296.5
1213.7
1112.2
864.9
803.7
566.0
552.8
273.7

MEAN
647.2
839.2

1126.1
1297.4
1416.7
1513.1
1567.7
1557.2
1530.6
1513.0
1503.4
1529.3
1519.6
1524.6
1373.6
1347.7
1241.2
1002.8

891.5
675.3
583.4
431.6

MAA
681.5

1241.1
13,0.9

1 599. !
1702.9
1745.3
1727.4
1739. 7
1738.6
1701.8
1756.4
1759.d
1762.0
'. 7 18 . 5
1691.9
1607.9

1470.9
1289. 1
1 (93.4
!J27-4

MAN

632.0
850.9

113j.9
1327.8
1490.2

1576.5
1653.7
1727.4
1561.4
1598.1
1593.8
1599.2
1591.7
1611.2

L151.8
14

8
L.6

1416.9
1360.6

1j29. 7
1005.7

193.0
71d8 1

MEAN
651.0
857.5

1172.7
1339.3
1538.7
1619.0
1699.5
1727.4
1677.4
166o.1
1•47.4
1676.0
1673.4
16d5.6
1623.3
1595.4
1,50.6
1471.1
1350.9
1149.0
929.U
836.2

IAX
1.0

26.5
48.5
45.5
76.5
82.0
87.5
81.5
99.0

126.3
99.5

101.0
101.0
127.0
123.0
143.0
193.0
?07.0
?54.0
2 ".0
336.0
335.0

.5

14.0
36.5
40.0
53.0
64.5
65. 0
81.3
67.0
67.5
8z.0
84.0
68.0
80.5
93.0

124.0
143.0
144.0
207.0
205.0
206.0
27d.0

MEAN
5.2

21.0
43.5
42.8
66.0
75.5
76.2
81.5
82.6
91.8
90.1
90.9
85.7
93.9

106.6
134.5
163.9
183 .1
220-3
250.9
255.3
302.5

CD
Q TEMP it6E (OEG F) QUrEm.H TEP (UEG F) QUENCH rTME (SEC)

ELEV
12
24

48
60
67
70

72
74
75
76
77
78
14
13
C6

102
111
170

139

9AX

5.9
23.4
56.3
44.9

133.8
108.7
132. 5
170.2
130.0
177 .3
166.2
198.7
197.0

185.7
782.5
310.7
344.7
611.3
511.2
534.3
453.2
444.4

.IN
0.0

10.0
37.)
39.0

103.2
102.7
131.1
170.2
132.3
114.8
129.2
106.9
125.6
117.0
170.1
206.4
266.5
362.1
314.2
395.3
240.2
328.3

MEAN
3.6

18.3
46.6
42.0

122.0
105.9
131.8
170.2
146.8
153.1
144.0
146.7
153.8
161.0
249.7
247.7
309.4
468.2
459.4
473.7
345.6
404.6

MAX
04. 0
7 1)* 4
o 15. d
b 59 - d
850.0
b99.7
944.6
866.8
901.4
958.5
850.5

1G0. . 2
b 7v. 9
d 71 . ?
734.2
006.8
7o5.3
650.4
066.7
703.7
642-8
655.9

MAN
o18.4

285.6
740.4
826.5
786.3
889.3
412.9
d06. 8
807.1
701.3
813.3
80o.2

312.5
790.4
587.7
633.7
672.9
531.9

286.5
548.2
442.9

MEAN

631.5
570.6
782.o
d43.2
82o07
895.6

931.3
860.8
850.1
b16 .0
835.6
8;4.2
649.3
833.3
041.0
740.5
732-3
: o1.4
o40.8
580.3
594.3
57U.0

IAX
19.5
56.5

118.1
160.6
234.9
276.8
?91.6
317.8
316.8
340.7
337.8
350.7
359.6
360.4
381.0
433.7
460.2
491.0
512.8
535.0
543.0
549.1

18.4
55.0

L15.2
152.9
230.9
274.9
291.0
317.8
305.9
300 . 7
328.d
331.9
337.7
335.3
356.9
372.1
431.0
474,7
493.6
489.9
49749
428.8

MEAN
19.0
55.6

116.3
156.8
233.2
275.7
291.3
317.8
310.8
325.8
332.8
341.2
346.4
351.3
376.0

406.1
445.8
483.8
500.2
519.3
526.0
512.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42704E

Test Date: 12/12/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

8740 C (1606 0 F), 4C 1.70 m

(67 in.)

0.98 kw/m (0.30 kw/ft)

13 mm/sec (0.53 in./sec)

49 0 C (120 0 F)

542 0 C (532 0 C - 5480 C)

[1008OF (989OF - 1019OF)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dplane:

+2.0% to 250 seconds and 1% thereafter(a)

-0.5% increasing linearly to +,%(a)

a. Relative to run 42804A

K-441



RODIELEV

2A 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

24 5- 7
5C 6- 0
20 6- 2
10 6- 4

FLECHT SEAaET 21 RJ) 6UNDLE TEST SERVES
KUN NUM3EA42704E

TINITIAL A AluJ tEpEAPERATuKE TURiAROJM) QUENCH
CHAq. NO At FLOOD TEqPERATURE iISE T1'q TEMPkEATUAE

(DEG F) (DEG F) (DEG F) (SECONDS) (DEG F)

30
49
5C
50

10
2A
2D
38

3C
4C
3C
3E

30
4A
lC
28

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

4
4
4
4

5
5
5
5

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

72
75

, 3 A
83

86
87
93
94

98
103
110
111

113
*'* 5 AO

115
120

1174.
1257.
1379.
1487.

1526.
1432.
1510.
1466.

1475.
1525.
1462.
1483.

1477.
1474.
1523.
1554.

1566.
1572.

THERM
1491.

1545.
1441.
1413.
1456.

1473.
1395.
1401o
1427.

1216.
1273.
1441.
L577.

1617.
1617.
1716.
1610.

1745.
1700.
1623.
1612.

1621.
1601.
1692.
1731.

1752.
1722.

C 0 U P L E D
1654.

1745.
1597.
1584.
1672.

1723.
1586.
164j,.
1673.

42.
16.
61.
90.

90.
185.
206.
144.

270.
175.
161.
129.

144.
128.
169.
177.

186.
149.

A T A
162.

200.
156.
171.
216.

250.
191.
244.
247.

6
6
7
7

8

0
0

30 7- 0
59 7- 0
29 7- 6
2C 7- 6

2E 7- 6
3A 7- 6
3S 7- 6
43 7- 6

5C 7- 6
iC 8- 0
2E 8- 0
30 8- 0

55 8- 0
5C 8- 0
IC 8- 6
1D 8- 6

2C 8- 6
43 8- 6
50 4- 6
33 1- 3

4C 9- 3
1010- 0
4910- 0
5010- 0

2411- 0
4CIl- 0
1011- 6

37.5
15. 0
48.5
56.5

66.5
98.5

101.0
120.0

121.0
101.0
126.0
139.0

118.0
117.0
121.0
:8.0

99.0
46.5

103.0

101.0
116.0
103.0
99.0

132.0
102.0
102.0
102.0

143.0

172.0
121.0

141.0
154. .0
176.0
173.0

140.0
174.0
138.0
1714.0

172.0
172.0
2)4.0
2L4.0

234.0
314.0
206.0
269.0

294.0
222.0
315.0

727.
816.
907.
773.

848.
237.
904.
822.

238.
603.

1086.
850.

855.
705.
959.
782.

547.
938.

829.

794.
829.
663.
602.

756.
616.
735.
739.

765.

643.
759.

789.
753.
771.
766.

735.
778.
636.
644.

702.
616.
629.
702.

694.
630.
641.
806.

597.
575.
558.

)JENCH
TImE
ISECONDS)

122.9
118.9
155.2
225.0

263.6
583.3
296.5
328.0

573.0
320.0
319.0
334.8

334.0
356.0
319.9
335.0

312.7
336.8

347.4

362.2
360.3
363.6
374.5

362.6
373.0
406.4
382.8

122
124
126
129

133
134
135
136

138
143
145
150

152
157
164
166

168
169
171

1212.
T H E R M o C

1142.
1437.

1420.
1194.

959.
1233.

1224.
1303.
1004.

933.

1143.
1126.
1013.

909.

989.
676.
836.
693.

551.
657.
299.

1516.
0 U P L E D A T

1618.
1685.

1634.
1504.
1421.
1641.

1489.
1599.
1459.
1397.

1607.
1592.
1517 .
1447.

1470.
1252.
1254.
1136.

726.
1059.
089.

304.
A ,

475.
249.

214.
310.
461.
408.

265.
296.
455.
464.

463.
466.
507.
538.

481.
575.
417.
443.

176.
403.
591.

397.4

462.0
400.7

393.9
436.3
443.0
437.9

436.8
425.8
469.3
481.8

465.9
468.6
465 . 9
489.0

4•87.8
522.0
517.0
451.2

470.7
526.5
525.2

K-442



RUN 42704E HEATER ROD STATISTICAL DATA

ijAA TEAP IOEG Ft£VITfAL TEAiP (OEG F? TJR.VARUND T ME ISEC)

4Ž

ELE4
12
24
39
48
60
67
70
73
74
75

76
77
78
79
8o
81
82
84
90
96

102
ill
170
132
138

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78
79
%o
81
92
84
90
96

102
111
120
132
138

MAX
665.3
937.7

1256.9
1436.2
1531.0
1636.0
1594.8
1459.7
1516.6
1477.9
1541.5
1554.1
1572.5
1538.6
154,!.4
1533.6
1470.0
1504.0
1489.3
1316.5
1445.0
989.5

1066.1
656.5
576.2

MIN
630.2
864.7

1156.6
1351.5
1470.0
1498.3
1537.9
1459.7
1510.2
1451.Z
1462.5
1462.9
1449.0
1491.5
1430.4
1533.6
1470.0
1385.7
1142.3

959.3
749.2
692.2
600.0
427.0
298.5

ME AN
652.8
898.2

1188.0
1389.0
1495.9
1552.9
1567.5
1459.7
1513.4
1464.6
1493.5
1497.5
1514.7
1513.8
1483.9
1533.6
1470.0
1445.6
1351.9
1221.4
1040.2

861.9
779.7
527.2
437.4

MAX
669.9
942 . 9

1273.4
1495.5
1646. 1
1740.8
1756.4
1601.4
1717.4
1639.6
1712.9
1730.8
1751.9
1705.1
1745.3
1723.1
1662 . 5
1760.9
1748.6
1681.0
1707.3
1510.6
1478.4
1059.3

889.2

A114
636.2
879.9

1182.7
1418.4
1576.5
1616.7
1728.5
1601.4
1716.3
1570.0
1610.1
1575.4
1607.9
1599.2
1.97. 1
1753.1
1662.5
1584.1
1503.0
1420.5
1033.6
1167.1
1045.9

725.4
806.4

ME AN
658.7
907.1

1223.3
1451.6
1603.7
1678.0
1742.6
1601.4
1716.8
1616.7
1645.4
1633.5
1666.3
1650.5
1651.2
1753.1
1662.5
1665.0
1630.6
1579.6
1468.8
1368.2
1262.2
851.2
847.8

MAX
9.5

29.0
47.0
48.5
56.5
97.0

100.0
104.0
134.0
137.0
139.0
136.0
141.0
120.0
0~4 0 .0
104.0
120.0
103.0
172.0
195.0
204.0
231.0
314.0
336.0
315.0

AIN
7.0
9.5

15.0
45.5
49.0
b3.0
67.0

104.0
10L.0
123.0

98.0
98.0
96.5

101.0
101.0
104.0
120.0

90.0
101.0
140.0
102.0
192.0
174.0
222.0
197.0

MEA4
8.0

16.8
30.9
47.0
53.2
74.1
78.2

104.0
102.5
126.8
117.3
116.7
108.5
106.5
118.2
104.0
120.0
100.1
131.7
168.1
171.7
210.2
237.9
281.8
256.0

TEMP RISE (DEG F) QUENCH TEAP (DEG F) QUENCH TIME (SEC)

4AX
7.1

15.2
56.6
66.9

118.4
153.4
218.5
141 .7
206.1
188.4
174.6
176.7
185.9
166.5
199.9
219.5
192.5
256.9
475.5
461.2
577.8
550.9
652.5
402.8
590.7

M14
4.6
5.2

16.5
j9,3
89.7
90.3

148.2
141.7
200.8
102.1
129.0
112.5
110.0

78.2
106.9
219.5
192.5
170.8
212.6
255.2
262.3
434.0
299.8
175.8
230.2

MEAN
5.9
8.9

35.3
62.6

107.7
125.1
175.1
141.7
203.5
152.1
151.9
136.0
151.6
136.6
167.3
219.5
192.5
219.4
278.7
358.3
428.6
506.3
482.5
324.0
410.4

MAX
643.8
766. 0
816.4
922.0
788.1
947.6
933.5
864.5
903.8
954•.1

1086.4
959.1
938.2
885.3
918.2
810.6
861.7
756.5
835.0
785.4
764. 1
701.5
805.6
606.7
557.6

hIN
610.9
742.9
727.2
864.2
7)i.6
848. 1
856.7
864.5
631.2
65f4 *5

603.1
705.5
547.0
808.9
793.7
810.6
801.7
60.1I
64Z.7
711.6
567.5
561.5
594.1
575.3
543.1

MEAN
632.8
755.1
765.7
897.7
771.0
893.4
886.0
864.5
767.5
796.6
817.4
832.2
839.6
849.7
840.9
810.b
861.7
668.0
757.4
750.6
665.3
661.5
651.0
595.1
550.3

MAX
23.0
56.6

124.7
162.5
232.0
275.7
305.4
291.7
322.0
329.9
.338.7
356.0
347.9
348.8
365.9
365.0
356.9
377.0
462.0
443.1
481.9
497.0
522.0
526.5
528.4

Ml14
21.1
56.4

114.4
155.2
222.0
262.6
287.6
291.7
296.5
298.9
319.0
319.9
312.7
338.6
351.9
365.0
356.9
349.7
382.8
425.8
400.0
485.0
451.2
470.7
525.2

MEAN
22.0
56.5

120.3
158.5
226.3
269.4
297.2
291.7
309.2
316.4
328.9
337.9
337.4
345.7
358.2
365.0
356.9
367.6
401.9
436.0
454.8
490.5
503.3
489.7

526.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43104F

Test Date: 7/14/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.1 psia)

8770 C (1611 0 F), 3C 1.79 m

(70 in.)

1.013 kw/m (0.3089 kw/ft)

13.2 mm/sec (0.518 in./sec)

49 0 C (120 0 F)

537 0 C (515 0 C - 550 0C)

E998°F (9590F - 1022°F)]
43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

-1.5% to 20 seconds, +1% to 260 seconds, and -2% thereafter(a)

-0.25% increasing linearly to -1. 5 %(a)

a. Relative to run 42804A

K-444



FLECHT SEASEr 21 RJO BUNDLE TEsr SERIES
RJA NJM 3EA43104F

ROOIELEV TINITIAL MlAxlU~i rEMPERATURE
CHAN. NO AT FLOOD TEMPERAILME RISE

(BEG F) (DEG F) (WEG F)

TUR4AROJ4O QUENCH
TIME TEMPREATURE
(SE:OMDI) CuEG F)

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6
7

5
6

7
12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
76
85

8
8
0
0

30 7- 0
58 7- 0
28 7- 6
2C 7- 6

ZE 7- 6
3A 7- 6
38 7- 6
48 7- 6

5C
iC
ZE
30

58
5C
Sc1C
10

7-
8-
8-
8-

8-
8-
8-

6
0
0
0

0
0
6
6

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1163.
1266.
1380.
1488.

1529.
1446.
1496.
1476.

1507.
1549.
1475.
1472.

1472.
1528.
1568.
1571.

1483.
1590.

78.
1581.

1602.
1448.
1480.
1514.

1544.
1403.
1468.
1489.

1297.
1435.
1511.
1476.

1428.
1257.
1051.
1332.

1223.
1301.
1031.
884.

1168.
1181.
1094.
940.

1030.
608.
878.
735.

1199.
1277.
1414.
1578.

lolO.
1599.
1664.
1585.

1727.
1656.
1559.
1579.

1555.
1668.
1690.
1742.

1624.
1712.
1031.
1734.

1754.
1574.
1639.
1678.

1733.
1583.
1669.
1704.

1546.
1547.
1691.
1648.

1!90.
1568.
1487.
1673.

1464.
1555.
1476.
1391.

1608.
1565.
1473.
1419.

1486.
1066.
1371.
1176.

37.
L1.
34.
90.

81.
153.
168.
109.

220.
107.
84.

107.

83o
140.
121.
171.

141.
122.
953.
153.

152.
12a6.
159.
103.

189.
180.
201.
215.

250.
112.
180.
173.

161.
311.
436.
341.

241.
254.
445.
506.

440.
384.
379.
480.

456.
457.
493.
441.

35.0
IZ.0
43.5
47.0

S3.0
95.0
93.5

121.0

106.0
89.0
90.0

120.0

1Z2.0
97.0
90.0
99.5

123.0
91.5

622.0
90.0

92.5
91.0
90.5
;1.5

?1.15
93.5
92.5
98.0

124.0
91.5
89.5
88.0

89.5
139.0
157.0
158.0

177.0
173.0
139.0
193.0

15 6.;0
158.0
191.0
209.0

210.0
273.0
236.0
220.0

324.0
254.0

733.
816.
897.
655.

948.
1043.

790.
798.

233.
792.
785.
820.

791.
837.
655.

1084.

969.
802.
327.
789.

857.
853.
658.
603.

614.
605.
774.
789.

771.
799.
764.
728.

779.
770.
718.
753.

825.
777.
573.
613.

673.
590.
601.
683.

677.
577.
649.
637.

QUENCH
TINE
(SECONDS)

119.9
115.4
163.4
223.9

260.7
321.2
323.9
339.7

751.0
338.6
344.0
345.7

333.6
336.9
340.0
317.4

336.2
342.0
695.8
352.8

340.6
359.7
379.0
377.8

370.0
359.3
408.9
399.0

409.6
399.1
405.8
410.0

407.9
439.7
444.8
435.6

447.7
447.9
465.4
443.0

465.9
480.0
459.0
496.0

499.9
511.3
529.0
515.0

2C 8- 6
4S 8- 6
50 8- 6
30 9- 3

4C 9- 3
1010- 0
4810- 0
5010- 0

2A11- 0
4C11- 0
1011- 6

171
172

** A AD

528.
683.

T H E R A O

913. 385.
1164. 481.

COUPLE ,AIrA

580.
601.

508.8
542.0

K-445



RUN 43104F HEATER ADD STATISTICAL DATA

41mL-

ELEI/
12
24

48
60
67
_0

71
#2

73
K

75
76
17

78

79
to
81

90

:6
102
111
1 20
132
1 38

ELEV
12
;4

39
48.

60
67
70

72
73
K4

75
76
77
78
79
to
84
90
96

1 C2
1 11
120
132
138

INITIAL TEMP (DEG F)

IAX MIN MEAN
759.9 695.8 727.8
939.5 939.5 939.5

1265.9 1162.7 1200.2
1457.9 1338.1 1390.6
1487.9 1433.7 1457.5
1600.2 1485.6 1550.7
1610.5 1406.3 1476.0
1552.0 1513.7 1532.9
1471.2 1369.0 1420.1
1456.7 1399.9 1428.3
1502.3 1368.9 1457.1
1502.3 1402.1 1462.6
1548.8 1429.9 1490.2
1568.2 1471.7 1509.3
1589.9 77.8 1412.5
1592.0 1433.7 15Z4.2
1601.8 1448.1 1517.4
1496.5 1496.5 1496.5
1546.6 1403.1 1484.8
1521.8 1296.7 1436.0
1380.1 L050.6 1271.0
1194.4 833.7 1079.4
1030.2 827.9 932.6

878.0 608.0 764.7
683.2 472.3 549.0
628.0 603.7 615.9

TEMP UISE (DEG F)

MAX TEMP (DEG F)

MAX MIN MEAN
761.8 700.4 731.1
942.9 942.9 942.9

1276.6 1199.3 1235.5
1491.2 1387.6 1426.7
1577.6 1552.7 1567.9
1720.7 1610.1 1655.3
1749.7 1573.3 1624.9
1730.b 1715.1 1722.9
1696.3 1580.9 1638.6
1664.6 1594.9 1629.7
1725.2 li64.6 164b.0
1712.9 1546.3 1625.9
1728.5 1559.2 1629.8
1696.3 1552.7 1620.1
1741.9 1030.5 1585.3
1734.1 1564.6 1642.5
1754.2 1574.4 1659.4
1642.8 1642.8 1642.8
1738.6 1578.7 1665.5
1739.7 1496.6 1630.0
1691.9 1425.9 1581.1
1607.9 1382.3 1504.1
1502.0 1262.8 1381.6
1391.8 1065.5 1250.7
1164.0 762.8 944.4
1142.1 960.4 1051.2

QUENCH TEMP (DEG F)

(AX
7.5
4.0

49.0
45.0
67.0
67.0
40.0
93.5

106.0
125.0
140.0
126.0
140.0
122.0
622.0
124.0
123.0
103.0
97.0

124.0
188.0
1ý3.0
262.0
?73.0
324.0
319.0

MIN
3.0
4.0

12.0
28.0
47.0
63.0
67.5
90.5
95.0

104.0
92.5
90.5
65.5
89.0
64.0
65.5
91.0

103.0
90.0
77.5

124.0
139.0
196.0
220.0
234.0
292.0

MEAN
5.3
4.0

32.0
37.6
57.0
65.3
79.1
92.0

100.5
114.5
104.8
111.7
S105.3
104.4
137.5

98.9
104.6
103.0

92.4
97.3

156.8
165.5
226.4
249.2
279.0
305.5

TJR4AkOUND TIME (SEC)

QUENCH TIME (SEC)

IAX
4.6
3.4

58.6
49.5

12;.4
126.7
167.0
201.3
225.1
207.9
222.9
217.0
220.1
182.1
952.7
153.3
167.1
146.3
213.0
267.5
436.3
548.6
487.7
520.3
480.8
514.1

MIN
1.9
3.4

10.7
27.8
89.7
80.8

139.2
178.8
211.8
195.0
153.2
100.3

83.9
76.1
60.2
77.0

116.5
146.3
145.0
112.0
237.2
350.7
396.9
441.5
290.5
356.7

MEAN
3.3
3.4

35.3
36.2

110.3
104.6
148.9
190.1
218.5
201.5
190.9
163.4
139.6
110.7
172.8
118.3
141.9
146.3
180.7
194.0
310.2
424.7
449.2
486.0
395.4
435.4

MAAX
704.9
768.5
816.0
914.0
711.9
954.3

1085.6
1133.2
1038.7
987.3

1412.6
1390-4
1012.8
1061.0
1084.1
1049.8

883.7
786.9
693.0
832.2
825.3
672.7
683.8
674.3
715. 5
651.0

MIN
673.5
768.5
733.2
826.5
654.6
777.3
286.6
902.4

1026.6
286.6
Z86.6
Z31.8
232.8
654.8
326.9
788.9
793.0
786.9
602.6
727.0
709.7
551.7
623.9
577.1
496.5
616.2

MEAN
689,2
768.5
773.9
887.3
691.3
901.8
641.2

1017.8
1032.6
637.0
938.0
816.0
598.8
820.6
822.0
849.5
824.6
786.9
632.3
776.2
765.2
597.3
661.5
636.8
598.3
633.6

4AX
22.5
57.9

122.0
163.4
230.9
273.7
365.0
301.7
307.4
541'.0
684.0
757.0
751.0
345.7
695.8
362.0
367.9
358.4
381.9
419.8
453.8
480.0
503.9
529.0
542.0
555.0

M Vi
22.3
57.9

115.4
157.0
223.9
260.7
287.7
294.7
299.5
307.5
218.5
249.3
312.4
320.8
317.4
327.6
340.6
358.4
359.3
392.8
430.9
440.9
485.7
511.3
475.7
539.0

MEAN
22.4
57.9

119.1
160.1
227.6

322.1
298.2
303.4
424.2
371.5
356.5
410.1
333.8
371.7
346.9
358.1
358.4
372.6
405.4
441.9
462.1
495.5
522.0
505.3
547.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42705A

Test Date: 4/1/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

873 0 C (1603 0 F), 3C 1.83 m

(72 in.)

1.5 kw/m (0.45 kw/ft)

18 mm/sec (0.72 in./sec)

500 C (122 0 F)

4980 C (489 0 C - 504 0 C)

[928oF (913EF - 9390F)]

59.9 mm (2.36 in.)

B. Summary Results

C. Comments:

Total power: linearly increasing from 0% to -2.1% by 420 seconds(a)

a. Relative to specified conditions

K-447



ROOIELEV

FLaCHT SEASET 21 ROD BU4DLE TEST SERIFS
RUN NUMBER42705A

TINITIAL MAXIMUM TEMPERATURE TURNAROUND QLhNCH
CHAN. NU AT FLCUO TEMPERATURE RISE TI4E TLIPREATU&t

(UEG -) WuEG F) (DEG F) (SECONDS) (UEG F)

24
4:
IC
24

24
1D
20
3L)

5C
10
48B
5 0

24
38
30

20

3:
3 E

3C
44

3D
5;
1:
23

30
58
23
2 c

3-
3-
4-
5-

5-
5-
6-
6-

6-
6-
6-

6-
6-
6-
6-

6-
7-
6-

7-
7-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

3
3
0
0

7
2
2
2

2
3
3
3

9
11
1'.

17

21
50
53
58

ol
63
68
69

7(C
75
79
84

85
d6

95
97

98
i01
110
111

1089;

13C4.

1351.

1417.
1478.
1578o
15i1.

1526.
1461.
1554.
14'69.

14S6.
1561.
1542.
156c.

156;.
15C9.
1563.
1,456.

12CC.
147a.
1402.
14 d.

1153.
1221.
1398.
1492.

1618.
1696.
1819.
1850.

1700.
1683.
1799.
1720o

1705.
1846.
1846.
1833.

1876.
1741.
1867.
1692.

1653.
1649.
1643.
1661.

64o
66.1
94o

141.

141.1
219.
241.
259.,

174.
222.
245.
231.

209.
265.
304.
267.

296.
231.
304.
236.

452o
171.
241.
234.

4
4
6
5

5

6
6
6

0
6
0
0

0
0
6
6

6
6
6
6

6

0
0
6

' 115
117
18 Ai)
121

5C 7-
IC J-
2E 8-
4 6-

53 8-
5 Z. -
1: 8-
10 8-

43 6-

30 •-

1010-
4810-
5013-

0
0
6
6

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
101
164

lo7

106
17C
172

1446.
1346.

THEAMUC
0369.

1227.
13 c.
14 1c.
1363.

1273.
1159.

657.
1554.

11t4.
1121.
977.
7S8.

1026.
1097.
9o8.

845.

947.
58C.
bC4.

490.
62d.
3%d.

1727.
1593.

0 U P L E DA
1716.

1486.
1572.
1754.
1721.

1523.
1550.
1237.
1844.

1500.
1445.
1447.
1240o

1534.
1526.
1416.
1409.

1404.
1032.
1221.
1116.

745.
985.
729.

281.
246.

T A
347.

259.
267.
345.
338.

249.
391.
540.
290.

315.
324.
470.
492.

508.
429.
428.
564.

458.
451.
418.
407.

255.
357.
330.

27.0
27.0
38.0
45.5

48.0
94.5
82.5
85.0

51.5
97.5
83.0
89.3

93.5
79.5
89.0
92.0

84.5
96.0
82.5
94.5

131.0
52.5
92.0
70.5

85.5
113.0

94.5

62.5
108.0
110.0
109.0

113.0
131.0
154.0

85.0

146.0
146.0
131.0
122.0

128.0
113.0
137.0
167.0

154.0
209.0
167.0
169.0

224.0
181.0
170.0

797.
829.
829.
733.

903.
895.
OU9.
912.

921.
959.
b44.
859.

bb2.
t97.
bb4.
857.

632.
932.
84a.
c73.

756.
917.
721.
604.

606.
742.

749.

731.
775.
756.
704.

77b.
730.
690.
882.

684.
703.
525.
50b.

614.
571.
55b.
617.

628.
b 1.
631.
664.

602.
538.
286.

356.5
328.7

362. C

364.S
306.0
382.0
37. C

369.4
405.9
396.6
322.6

397.0
398.0
425.C
410.0

422.t
431.5
421.3
438.0

433.4
369.9
444.6
370.7

368.9
438.0
231. C

QUENCh
TIME

(SECONDS)

91.4
90.e

141.3
202.0

244.6
298.t
297.5
298.8

280.8
306.S
309.E
300.7

315.6
310.7
327.8
318.8

320.4
314.8
327.9
320.5

409.8
307.9
351.0
360.C

6
6
6
3

3
0
0
0

2kII- 0
4.11- 0
1011- 6

K-448



kUN 42705A HEATER ROD STATISTICAL DATA

ELEV
12
2,t
39
4o
bO

67
70
71
72
74
75
7t
77
7o

84
90
9b

102
111
12U
132
13o

ELEV
12
24
39
4a
6u
67
70
71
72
74
75
7o
77
76
84
90
9b

102
111
120
132
13b

INITIAL TEMP (DEG F)

MAX MIM PEAN
506.1 466.2 494.3
809.2 747.1 779.1

1154.9 1055.4 1C99.7
1319.2 1221.5 1274.7
1434.3 13G4.0 1357.0
1556.4 14o5.3 14.4.1
1592.0 1500.1 1550.3
1594.2 1440.4 155o.4
1603.4 14di.4 1.4o.1
1592.0 1470.6 1547.2
1583.4 1461.5 1539.1
15o1.8 147o.2 1541.0
15dO.1 1437.9 1523.7
1562.y 1455.7 1512.0
144o.0 124Y.7 13d2.7
1409 .6 13.1 1314.4
i2o9.5 697.0 1144.4
1097.2 797.6 S79.7

95o.0 697.0 b71.7
603.5 ,60.3 t7d.9
627.9 #90.c 541.2
5o5.1 3I9.2 4V1.4

TEMP KI•r tuEG F)

MAX hIM MEAN
16.6 15.4 17.6
43.0 31.4 3b.1
7d.4 03.6 69.4

113.7 89.6 iC1.8
171.5 13o.7 152.4
201.1 140.7 166.7
23ool 17Z.9 I16.4
244.2 lo4.1 213.0
247.2 164o7 2C4.2
269.2 174.0 230.3
279.8 221.7 i45.0
2d6.2 209o3 248.9
295.5 231.5 261.7
304.0 171.2 256.2
302.0 22:.15 262.0
359.2 244.4 3C7.4
539.9 262.y 361.1
569.5 32.0o 45Y.2
563.7 290.6 42v.4
622.7 31Y.9 472.1
357.2 241.5 283.7
4o9.6 243.5 355.5

MAX TE4P (DEG F)

MAX MIN 4E44
521.5 504.4 5110)
840.6 790.9 815.2

1221.2 1133.8 1169.2
1429.1 1335.2 1376.5
1605.8 1462.3 1509.14
1757.5 1617.8 1662.8
1828.2 1675.5 1748.8
1838.4 1681.) 1754.Vt
1847.4 1667.9 1752.e
1856.4 1672.3 1777.5
1863.2 1683.2 1734.1
1870.0 1702.9 1790.0
1875.7 1686.5 1735.3
1666.6 1649.4 1768.2
1733.0 1551.7 1644.7
1754.2 1485.9 1b21.8
1681.0C 1236.9 1525.5
1551.7 1290.1 1438.9
1410.9 1172.3 1301.0
1278.6 1031.5 1151.0
985.1 745.1 8?4.9
976.9 728.5 846.8

QUENCH TEMP (DEG F)

MAX MIN MEAN
519.3 504.4 511.0
770.6 728.9 744.4
828.9 697.0 774.6
940.6 801.3 859.4
798.7 711.9 740.9
903.3 876.5 889.1
901.4 837.7 870.

1023.3 831.9 892.0
931.9 844.3 887.9
959.4 784.4 877.01
958.6 843.2 881.4
898.3 830.7 867.8
931.5 815.6 859.f7
917.3 846.4 873.3
742.2 578.0 667.2
831.6 703.7 768.0
771.3 646.8 716.2
617.7 505.6 554.6
751.3 484.1 619.8
854.5 591.4 655.4
634.9 537.7 580.4
723.9 285.6 559.0

TURMARUUND TIME (SEC)

MAX PIN MEAN
11.0 10.5 10.d
25.5 2C.5 22.8
30.0 27.0 28.0
49.5 35.5 42.3
68.5 4C.5 50.4
69.0 46.0 62.2
70.0 68.5 69.3
71.5 6t 5 69.6
84.5 5Z.0 70.1
94.5 51.5 76.8
97.5 79.5 86.9
94..0 7C., 86.6

106.0 84.5 92.2
114.0 52.5 89.0
113.0 7C.5 94.6
113.0 62.5 102.3
154.0 92.0 124.3
145.0 113.0 127.3
184.0 147.u 162.4
210.0 157.0 I14.3
224.0 181.0 199.3
215.0 17C.0 193.4

QUrU'CH 1liM (SEC)

MAX 1IN MEAN
11.9 11.3 11.6
37.0 33.4 34.6
93.4 9C.6 '1.9

141.3 126.6 132.7
207.9 202.0 203.5
247.3 244.7 245.9
271.6 263.ý 2t8.5
279.9 26b.8 273.9
284.9 266.9 278.7
302.2 z2C.6 293.b
309.8 30C.7 305.2
315.8 29.7 309.7
323.3 313.9 318.5
330.6 307.9 323.5
360.0 32t.7 352.4
387.0 364.9 379.3
410.1 39t.6 403.4
431.5 410.0 420.6
438.0 373.0 414.7
451.9 31t.9 41C.0
438.0 287.1 359.2
440.9 231.0 354.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42105B

Test Date: 6/19/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

8800 C (1617 0 F), 3C 1.78 m

(70 in.)

1.5 kw/m (0.45 kw/ft)

19 mm/sec (0.73 in./sec)

49 0 C (120 0 F)

486 0 C (484 0 C - 4910 C)

[906OF (903 0 F - 915OF)]

14 mm (0.57 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+0.5% to 200 seconds and -0.5% thereafter(a)

-0.5% linearly increasing to +1.25%(a)

a. Relative to run 42705A

K-450



ROOVELE

FLECHr 3EASET 21 RO0 BUNDLE fET SERIES
Kul NJMJEK421068

riILIIAL IAXIMU1 rEMPERATURE TUR4AROJI3 QUENCH
CHA'4. NO AT FLOOD TEIPERArurE AljE TI 4E TEAPKEAIJRE

(DEG F) (OEG r) CUEG F) (SE:J34S) (DEG Fi

24
4C
iC
ZA

24

1D
20
30

5 ^

10
48
50

2A
20
38
3C

3E
3C
30
4A

4 C
5C
1C
28

3-
3-
4-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-

7-
7-

3
3
0
0

7
2
2
2

2

3
3
3

4
4
4
5

5
6
6
6

6
6
0
0

30 7- 0
58 7- 0
28 7- 6
2C 7- 6

2E 7- 6
34 7- 6
38 7- 6
43 7- 6

5C 7- 6
iC 8- 0
2E 8- 0
30 8- 0

9
11

17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168
170
172

1113.
1242.
1332.
1358.

1470.
1376.
1479.
1536.

1491.
1417.
1537.
1424.

1420.
1493.
1567.
1596.

1451.
1570.
1518.
1413.

1550.
1462.
1329.
1397.

1429.
1332.
1363.
1345.

1063.
1364.
1396.
1411.

1375.
1141.

945.
1212.

1105.
1253.
890.
826.

1021.
1138.

893.
889.

970.
645.
837.
706.

556.
629.
311.

1170.
1302.
1393.
1512.

16 12.
1610.
1731.
1754.

1655.
1604.
1722.
1640.

b161.

1730.
1761.
1807.

1634.
1819.
1782.
1643.

1790.
1642.
1619.
1667.

1713.
1546.
1o81.
1703.

1398.
1635.
i719.
1700.

1620.
1544.
1330.
l018.

L448.
1558.
1 434.
1162.

L£544 .
1581.
1289.
1367.

1397.
1047.
1199.
1098.

740.
984.
b02.

57.
59.
61.

154.

142.
234.
252.
219.

164.
187.
185.
z16.

191.
236.
194I.
210.

183.
249.
264.
230.

179.
290.
270.

284.
216.
318.
357.

335.
272.
323.
288.

245.
403.
38 5.
406.

344.
305.
54I.
336.

523.
443.
397.
478.

427.
402.
363.
392.

184.
355.
49 1.

31.0
26.5
34.5
55.0

81. 5
132.0
114. 0
103.0

73.0
120.0

35.0
107.0

133.0
103.0

77.0
96.5

102.0
85.5
99. 5

131.0

83.5
105.0
115.0
90.0

39.0
107.0
119.0
110.0

111.0
117.'0
1)4.0
134.0

135.0
129. 0
104.0
111.0

133.0
129.0
129.0

84.0

131.0
13 1.10

89.5
135.0

154.0
191.0
171.0
200.0

149.0
197.0
235.0

734.
821.

1263.
731.

866.
637.
C0 5.
797.

867.
781.
836.
816.

832.
606.
d13.
867.

822.
861.
8i3.
342.

842.
834.
6o0.

630.

644.
674.
692.

706.

620.
713.
754.
717.

746.
700.
t2 7.
742.

625.
706.
5 49.
533.

592.
o47.
509.
61a.

o17.
o96.
572.
760.

olb.
571.
577.

JJE NCH
T 1.1 E
(SECJNDS)

106.3
105.9
140.0
227.9

273.7
320.9
335.0
325.8

31o.8
303.7
337.7
350.8

342.7
346.7

344.*9
337.8

339.6
346.7

354.3
355.7

350.6
347.7
383.4
393.9

3d5.0

388.0
413.0
408.0

409.9

4 jý-. ')
403.9
407.0

403.9
427.0

42 t, . 0
421.9

422..0
428.0
443.4
437.0

447.0
445.8
,t36. 8
449.0

450.)
430.U
467.0
403.3

324.0
447.0
357.5

53
5C
Sc1C
10

8-
8-
8-
8-

0
0
6
6

6
6
6
3

2C 8-
48 8-
50 8-
3D 9-

4C 9- 3
1310- 0
4810- 0
5010- 0

2A11- 0
4C11- 0
1011- 6

K-451



RU0 4210jB ,HEATEp RJD PTATISTIC4L W4V&

MAX TEMP (0EG F)141TIAL rEMP (OEG F) TJR4AK.JuN [*M1E (SEC)

4S
LI

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
1~4
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
96

102
111
120
132
138

4AX
665. 7
920.8

1242.2
1388.8
1494.2
1586.4
1617.5
1600.1
1484.2
1551. 8
1583.8
1599.0
159 (.4
1569.8
1450.3
1411.0
1265.2
1138.1
470.2
836.6
629*5
616.2

MIN
610.2
851.5

1112.9
1264.9
1357.7
1461.7
1440.3
1351.4
1417.1
1376.2
1416.7
1354.2
1311.6
1334.7
1261.0
1063.3
945.1
826.0
719.3
644.9
528.2
311.2

ME AN
631.7
877.4

1158.8
1316.2
1393.8
1504.3
1530.9
1504.1
1455.4
1486.8
1501.9
1497.7
1483.6
1468.5
1369.7
1299.9
1171.0
951.2
889.3
725.4
561.6
489.3

IAX
673.1
949.1

1301.6
1480.5
1647.2
1754.2
1810.1
1614.6
1678.8
1805.6
1768.7
i786. 5
1806.7
1819.1
1717.4
1718.5
1667.9
1580.9
1397.0
1295.3
984. 1

1O5 . 7

M JL
o23.6
879.9

1170,2
1366.6
1486.9
1612.3
1604.7
1598.1
lo00.3
1604.7
1o03.6
1603.6
1600.8
1611.2
1510.6
1398.1
1329.9
1161.9
1116.2
1047.0
o96.2
753.5

ME AN
642.9
906.0

1223.6
1405.3
1540.4
1660.0
1704.2
1706.6
1641.1
1701.5
1696.7
1695.2
1709.2
1708.9
1631.4
1602.4
1543.9
1401.6
1274 .
1151.6
802.0
d62.0

10.0
22.5
33.5
55.0
55.0
84.5
85.5

123.0
136.0
132.0
137.0
133.0
134.0
145.0
131.0
113.0
133.0
131.0
?11.0
?02.0
217.0
235.0

91.9
7.u

16 .j
26.j
34.5
3d.5
57.0
55.0
58.5

73.0
85.0
60.0
86.j
83.5
8j.5
75.5

104.0
64.0

101.0
171.0
186.0
199.0

IE•N

9.0
L9 . 1
33.1

42.1
49.5
71.5
74.6
86.0
83.0

100.3
95.5
95.8

101.0
113. C,
101.1
106.7
122.5
115.3
154.9
188.6
199.8
213.0

TEMP AISE (DEG F) QuEN0H rEEP (DEG F) QUJECH flE (SEZ)

MAX
13.3
35.6
74,7

116.4
153.0
167.8
192.6
246.7
203. 1
306.7
225.5
249.4
294. 2
283.3
290.2
384.3
405.8
544.3
477.9
518.8
354.6
491.1

M14
7.4

22.2
57.3
61.0

117.6
142.0
145.1
155.6
153.2
164.1
169.8
155.5
183.4
179.3
216.2
226.7
305.5
335.9
286.8
305.6
168.0
233.1

ME AN
11.2
28.6
64.8
89.1

146.7
155.7
173.3
202.5
18 5.7
214.7
194.8
197.4
225.6
240.4
261.6
302.6
372.9
450.5
385.3
426.3
240.4
372.7

MlAX
o25.6
735.9
821.0

1262.5
785.0
893.8
880.1
919.8
901 . 4

1014.j
880.2
906.1
d87. 2
884.1
b99. 5
754.0
764.9
647.0
762.9
759.7
676.3
701.9

MIN
608.0
682.9
734.2
811.1
731.4
S47.0
775.7
821.1
743.0
647.0
781.3
7o.7
795.7
759.4
628.4
619.8
624.9
508.9
548.1
572.5
513.7
520.1

ME A,4
615.0
705.5
771.7
942.1
750.5
871.1
841.3
857.3
841.3
811.9
828.5
826.4
821.4
827.'
658.3
704.6
696.0
569.3
622.8
637.3
602.1
595.7

1AX
19.1
50.0

113.9
151.5
?33.0
275 .1
297.9
328.8
.310.3
333.;
350.8
353.7
354.*
364.3
393.9
413.0
431.0
443 .0
458.0
473.0
447.0
460.9

m i '4
17.0
47.u

105 . 9
140.0
226.5
266.d

287.9
295.6
299 . 2
305.7
303.7

330.4
337.5
346.7
378.0
399.0
421.0
408.9
409.0
403.0
250.3
260.8

MEAN17.9
49.0

10i.3
147.0
227.8
272.4
293.7
304.4
305.5
326.1
332.6
339.6
344.7
354.2
385.2
406.3
425.3
437.8
439.7
450 . 7
339.0
388.9



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42605C

Test Date: 8/26/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

884 0C (16230 F), 4C 1.70 m

(67 in.)

1.5 kw/m (0.45 kw/ft)

19 mm/sec (0.73 in./sec)

50 0C (122 0F)

487 0 C (474 0 C - 4960 C)

[909°F (886 0 F - 924°F)]

36.1 mm (1.42 in.)

B. Summary Results

C. Comments:

Inlet mass flow: +1% linearly increasing to +2.5% by 80 seconds, constant at

+2.5% until 210 seconds, and *1% thereafter(a)

a. Relative to run 42705A

K-453



FL,:Ct-T .EASET 21 ROD BUNDLE TEST SERIES

R3)i ELEV

2A 3- 3
4C 3- 3
2: 5- 0
2• 5- C'

RUN
1 iN I ,AL MAXIMUM

LCHAN. Nu AT FLC.20 TEiPQLRATURE
(DEG F) (Wtt F)

11

14
17

21
50
53
56

2A
10
20
30

5-

6-

7
2
2
2

43 6- 2
5C o- 2
1D o- 3
53 b- 3

2A
3A
20
3 :

3E
3:.

30
4 A

5C
I Z
23

30
53
23
2:

2 &
3 4
33
43

5Sc
I ^
2F

3)

58
5C

10

2C
43
50
30

4
4
5
5

5
6
6

6
6

0
0

0
0
6
6

6
6
6
6

6
0
0
0

C
0
6
6

6
6
6
3

3
0
0
0

7C
75
o4
05

1cs7o
1242.
13C5.
,L±414.

1523.
1434.
1463.
15;C.

15 fay.
1413.
14C3.
Isd 7.

1It73.
15 )6.

15 10.

15 1 .

15 17 .

1506.

1413.

±5)7.o

15 S7.

14Co.
1355.
13 1, d.
13bi.

1C57.

0399.
141.0*
1414.

14C4.
1iS3.
985.

12 7 .

1326.
IC It.

8 Ct.

1164.
1297.
1440.
1550.

1664.
1611.
1647.
1713.

1717.
16d2.
1615.
1642.

1633.
1749.
1731.
1617.

1646.
1o25.
1783.
1671.

1807.
1.oi2.

15d8.
1668.

1553.
166 9.
1648.

1402.
163 6.
1709.
1697.

1634.
1530.
1407.
1636.

1446.
1548.
1446.
1262.

NUN BE R42 60 5C
TEMPFRATURE

kISE
(OEG F)

67.
55.
75.

135.

141.
178.
214.
163.

149.
209.
212.
154.

160.
170.
221.
233.

129.
259.
251.1
199.

229.1
136.
210.
252.

288.
198.
271.
313.

345.
237.
292.
279.

225.
337.
442.
379.

267.
'72.
430.1
456.

iIC
111

115

1I17

121

122
123
124
127

12d
131
133
138

13b
134
141

36.5
32.0
43.0
48.5

65. 5
97.0

101.0
55.5

60.5
98.5

105.0
70.0

74.5
60.0

101.0
75.0

118.0
75.0
95.0
77.5

72.0
55.5
74. 0
70. 5

75.0
94.0
84. 0
98.5

10o.0
77.0
A 2. 0
q59.0

75.0
104.0
120.0
116.0

87.5
q8. 5

101.0
85.)

75.0
90.5

143.0

100.0
206.0
148.0
167.0

174.0
163.0
201.0

TURN &R 3U40 QUENCH
TIME T EIIR EATUxE
(SECONDS) (ULG F)

762.
616.
646.
b19.

894.

905.
65 b.
721.

65y.
1073.

bloo.

94 k.

806.

653.

c72.
bou.
791.
'005.

832.

ta4 7.
659.

627.
792.
733.
713.

624.
705.
717.
t9b.

719.
054.
tob,

73b.

07b.

726.
511o

519.

QUENCH
TIME

(SECONDS)

91.1
102.0
146.e
208.9

252.t
304.9
310.3
319. C

3±3.9

295.4
312.7
320.6

25d.3
32C.9
325.5
325.3

326.1
332.t
340.t
314.t

339.4
332.9
362.8

3ýd.C

325.S
385.S
398.7

377.9
37b.9

397.3

377.9
418.0
4C4. 8
413.5

3,vd.1

401.3
428.E
417.C

3-5-

9-

145
146
154.

4C 3-
l~lO-
4310-
5010-

15b
101
lo4
167

± oE

17C
172

1117.
919.

844.
7CE.

566.

312.

L U L P L E DATA*
1473. 356.
1367. 388.
1396. 468.

1358. 359.
1042. 416.
1140. 346.
1053. 346.

762. 196.
1036. 375.
748. 437.

576.
590.

5(Y4.
72o.
597.
754.

6(,7.
481.
596.

432.7
4 14. b
442. C

436.C
401.6
454.C
366.3

311. C
449. C
387.6

2A11- 0
4,11- 0
1011- 6

K-454



RuN 42b05C HEATER RJD STATISTICAL DATA

MAX TEMP (DEG F)iNiTI.L Tni1 CuEL F) TURNA ýJUN) 1IME (ILL)

I

Lnl

EL E
12
24
3 .
4o
6u
b7
75
7Ž
72
7,
75
7o
77
7-

qu
90

102
115
120

132
i3b

EL_ v
12
2".
3,o
4o

t)0
67
7u
7"
72
747'.
7o

77
7o
84

9o

i0/'
111

12u
132
13o

flA A

o7s. L
907. t

i 2,t2 3
13 o, 5
1416. 4
.t23, 3
.100. 5
555,7 c

i 520 C

1571. c
1592 .14
1 5 cl 60. 4
15o4.2
1577.3
1452.3
141o.c
1325 .
1 117 . 4

0o 3. 5
u60 * 3

oil.,;

1317 1

* 24,3

i4Gj.

o1 4,2.

1310.j

3.5 j.7

o144.

1(5 USo.'.
3~1.' t

t32.o
c72.3

i1:;s 7 . u
1347.7
1411.3
1 t3o .2
1544.1
13u,.3

1 51'. 2

1It0.2

1 2 3,L. 'L
I L L 1. 1
13;,4o.3

15.48

57..3
4'; *5

MAX
681.5
932.6

1297.4
1466.9

176E.8
18 3 1. t
1799.9
1722.9
173t . 6
1770.c
17'; 7.7
1016.9
1824.8
1716 b 3

170b . 5
lo73.4
1490. 2
1346.0
12P 0 . 7
1035.6

990 .3

MIN
620.4
b6O.3

1164.0
1408.7
1549, 5
1637.4
1544.1
1671.2
1706.'
1597.1
1614.5
1628.7
1610 .1
1640.7
1411.9
1402.3
1406.6
1261.9
1123.4
11 D8id 1

761.8
746.3

MEAN
640.4
89b.8

122 4.7
1441.4
1560.3
1695.6
1727.1
1736.2
1714.5
1674.8
1690.8
1697.3
1713.5
1727.2
1617.2
1631.9
1562.2
1412.0
1294.0
1147.0
844.0
852.4

MAY
8.5

19.0
40.0
55.0
64.5
72.5
91.0
75.0
71.5

1 1i9*.0
105.0
120.0
119.0
126.0
94.0

109.0
120.0
119.0
148.0
206.0
179.0
201.0

d.0

14.5

32.0
43.0
48.5
41t.

47.5
51.0

3L.0
45S.
38,o

6c.5

35.0
67.5

±53.0
1t2.0

li L AN'
7.9

17.0
35.5
4 7. 1
'4.3

70.3
tT.t
tt.3
b4.4
71.3
7o.5
k:9 . 7
t4. b
77.e

9C.7
101.6

S1.3
113.5
161.5
166.3
17.b6

T E1.r e I) (& LOC F) QUENCH TEMP (DEG F) DUEN..H llit (SEC)

MA A
41.

Ž9.2

lo5 Is4
18)5 * 5
231.
251. E
209.
214.5
212.u
235. t
2b. 4
290 .2
290. 6
34). 4
441.8
455.7
407 . E
479. 1
375.3
48Z 6 i

6.5

1 3, *
13.o2

140.2

133 .o
9023.2

25w1 *

127.7

2±3 *

35•, .
21o.3
282.0

25•, *3

utAh

Z4.5
b7.7
93.7

149.0
14Y.3

103.0
205.9
595.0

188.0
165.2
106.2
i03.3
2,7.3
250.0
'37.5
131.2

3'.7 .7

2t9.7
154.,1

d1AX

034.7
750.2
835.6
863.0
892.1
946.2
942.1
961.1
960.0
957.0
906.C
986.7

8. 7
904.5
792.4
733. 3
737.6
597.6

1129.0
753.7
697.2
609.0

611.0
720.3
782.4
o2b.6
774.0
b64.5
838.6
842.5
934.0
604.9
790.3
793.6
806.1
791.4
624.8
623.8
654.1
511.2
581.4
435.2
480.7
286.6

MFAN
620.P
730.7
R04.8
847.*
828.5
902.4
P98.2
909.9
947.0
778.5
853.0
862.8
850.1
844.2
671.4
707.4
704.1
556.6
684.6
622.r7
628.0
531.R

MAX
16.9
46.0

102.0
147.9
215.9
255.9
284.Q
290.7
284.5
319.0
322.7
328.6
337.6
340.8
371.8
398.7
418.8
435.3
443.0
45P.9
44Q.0
444.0

MIN

43.5

Y1.1
141.C
20E.9
25C.7
278.3

e 7.. 7
282.7

312.7
254.3
31S.6
298.6
325.9
351.6

414.o
345.o
332.9
249.3
206.u

MEAN
14.5
44.9

145.3
211.2
253.7
260.2

283.6
305.5
317.4
308.0
327.3
326.5
354.6
3b2.v
406.v
425.2
415.6
415.3
315.6
376.*6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42305D

Test Date: 10/17/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.5 psia)

878 0 C (1613 0 F), 3C 1.78 m

(70 in.)

1.5 kw/m (0.45 kw/ft)

18 mm/sec (0.70 in./sec)

51 0 C (124 0 F)

492 0 C (483 0 C - 499 0 C)

[917°F (901°F - 931°F)]

50.5 mm (1.99 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

-6% for 40 seconds, decreased to -2% by 50 seconds and then

linearly decreasing to - 6 %(a)

+0.25% constant(a)

+8% linearly decreasing to +2% by 150 seconds(a)

a. Relative to run 42705A

K-456



ROD/ELEV

FLECiT SEA4EF 21 tO dUNDLE TEST
Rji mJiJER42335D

TINITIAL 4AAIMJUi TmPtk•A~uRE
CHA4. NO AT FLOOL) TEMPERAlURE RISE

(DEG F) (DEG F) (DEG F)

2A
4C

2A

2A
20
3D
5C

1D
49
50
2A

38
10
20
3C

3E
3:

3D
44

5C
1C
28

3D
58
2B
2C

2E
3A
3B
43

5C
1c
2E
3D

55
5-C
1C
1D

2C
41
50
30

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-
8-

8-

8-

8-

8-
8-

8-

3
3
0
0

7
2
2
2

7
9
10
13

16
50
55
59

61
66
68
70

3
3
3
4

4
5
5

6
5

6
6
6

66

0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

1111.
1242.

1320.
1421.

1483.
1542.
1510.
1540.

1485.
1546.
1466.
1475.

THERMO
1465.
1551.
1601.

1491.
1591.
1565.
1474.

1191. 80.
1307. o5.
1399. 79.
1604. 183.

lo49. Ib6.
1735. 193.
1780. 270.
1698. 158.

1685. 201.
1748. 202.
1640. 174.
1683. 208.

C 3 U L E U T A
1069. 204.
1755. 205.
1831. 232.

1b6d. 177.
1o42. 250.
1798. 232.
It94 . 220.

SERIES

TURI AROJ40
TIME
(SE:34DS)

3c). 5
36.5
43.0
83.5

13.0
55.5
94.5
79.5

133.0
69.5

123.0
108.0

133.0
57.0
80.0

116.0
93.5

105.0
q 7.0

QUENCH
TENPREATURE

(DEG F)

824.
8b4.
910.
873.

919.
833.
247.
867.

874.
888.

934.
924.

870.
846.
917.

866.
902.
868.
865.

QJE NCH
TIME

(SECONDS)

103.9
104.9
142.8
229.8

271.8
323.9
517.0
327.8

325.8
333.8
314.8
323.8

337.6
343.6
337.7

336.8
345.8
345.8
356.9

A A )
82
84
85

86
97
98

100

101
103
8# BAD
111

115
117
121
122

123
124
125
128

129
132
134
137

139
140
141
142

143
145
148
155

157
O60

163
166

167
169
170

1573.
1536.

T H E R M 0 C
1441.

1449.
1336.
1422.
14C2.

1305.
1420.
1450.
1441.

1 42C .
12C0.
1131.
1321.

1258.
1337.
1044.

950.

1092.
1175.
1093.

991.

1027.
617.
875.
760.

584.
671.
321.

1810.
1689.

OUPLE
1734.

1733.
15o6.
1717.
1733.

1:04.
1673.
1760.
1732.

1o4l.
1527.
14UO.
1665.

1540.
±618.

1468 .
1437.

1569.
1546.
1460.
14 64.

1441.
1(195.
1279.
1i25.

839.
0 09b.
742.

237.

A T A
Z94.

254.
229.
295.
331.

200.
250.
310.
291.

221.
327.
269.
343.

282.
281.
424.
486.

478.
371.
367.
473.

414.
479.
404.
364.

254.
426.
421.

7ý.0
71.0

84.0

79.5
81.0
84.0
99. 5

58. 5
86.5
99.5
:8. 5

104.0
117.0
115.0
103.0

39..5
138.0
108.0
121.0

113.0
54.0

110.0
133.0

120.0
221.0
163.0
171.0

185.0
191.0
240.0

904.
877.

664.

649.
667.
719.
745.

754.
759.
761.
738.

763.
693.
730.
772.

733.
765.
565.
609.

538.
612.

658.
617.

631.
772.
602.
712.

b55.
547.
603.

351.5
350.1

375.9

375.9
355.0
404.4
421.3

401.6
394.9
399.5
415.0

397.9
442.9
427.9
429.0

432.9
422.0
463.0
449.5

458.0
459.0
439.9
460.0

,61.0
380.4
481.0
419.9

378.7
468.0
385.9

4S 9-
10 10-

4810-
5010-

2411- 0
4C11- 0
1011- 6

K-457



RUN 42305. HE4i1ER AJ,3 STATI.TICAL DATA

MAA TEMP (UEG F)IlTIAL TEMP (DEG F) TJR4AKuUND TIME (SEC)

ELEV
12
24
39
49
60
67
70
71

,2
74
75
76
77
78
84
90
96

1 C

1 ;o

132
139

IAX
726. 3
571.0

1242.3
1319. 7
1517.3
1600.5
1612.5
1552.4
1597.8
1561.0

1545.9
1590. 5
1601.0
1593.9
146C.8
1450.1
1371.0
1175.2
1327.2
874.5
670.8
652.9

AI N
662.0
847.7

1111.3
1304.6
1386.7

1472.2
1527.0
0552.4
1371.0
1427.2
1465.7
1475.4
1462.5
1458.3
1318.6
1304.6
1130.9
950.3
832.2
610.8
581.1
321.0

MEAA
684.5
860.1

1156.5
1312.1
1441.6
1518.5
1569.8
1552.4
1528.5
1513.4
1502.1
1531.3

1523.5
1534.7
1399.1
1385.8
1267.4
1066.4
955.2
720.4
612.1
493.1

MAX

729. 6
8 93 . 3

1306.9
1399.1
1665.7
1770.9
1815.7
1794.3
1605.6
1811). 1
1753.1
1623 . 7
1832.7
1b41.7
1762.0
1759.8

1734.1
1569.0
14o4.4
1307.9
1096.4
1051.1

666.8
879.9

1191.0
1378.1
1557.1
1637.4
1733.0
1794.3
1603.3
1a37. 4
1639.6
1663.6
1640.1
1o70.1
1517.1
iU04. 1
1400.2
1334.1
1397.5
1090.3
838.5
741.0

ME AN
689.1
886.1

1231.4
1388.6
1608.8
1685.9
1774.3
1794.3
1739.9
1728.6
1700.2
1741.3
1736.2
1753.1
1652.b
1635.t
1571.9
1459.0
1314.6
1183.3
944.6
849.4

MAX
6.0

19.5
4?.5
52.0
83.5
83.0
91.0
83.5

107.0
117.0
123.0
108.0
126.0
109.0

84.0
104.0
117.0
121.0
185.0
221.0
192.0
240.0

MIN
4.0

14.0
36.5
43.0
55.5
63.5
68.5
83.5
69.5

65. 5
69.5
79.5
67.0
71.0
60.0
68.5
83.5
79.5

111.0
163.0
186.0
189.0

MEAN
5.0

17.3
39.5
47.5
70.7
73.2
79.8
83.5
84.0
95.4
98.7
92.7
94.1

90.9
76.8
84.9

103.0
101.5
130.b
187.8
189.7
209.3

00 TEMP RISE (DEG F) QUEmcH TEMP (OEG F) QUENýH TIME ($EC)

ELEV
12
24
39
48
60
67
70
71
-.2

74
75
76
77
78
84
qo
96

102
1 11
1?0
1. 2
139

MAX
5.9

32.2

80.3
79.4

192.,8

170.4
206.0
241.9
229.3
258.1
22 ;.8
272.9
268.7
250.4
301.2
331.1
363. 1
486.3
473.3
569.5
42 !.6
421.0

MIN
3.3

17.2
64.6
73.5

148.4

165.2
203.1
241.9
199.2
158.4
173.8
159.7
177.1
152.4
169.1
199.5
249.8
311.5
247.3
364.4
254.2
286.1

MEAN
4.6

26.3
74.9
76.5

167.2
167.3
204.6
241.9
211.4
215.2
198.1
210.0
212.6
218.3
253.7
249.8
304.5
392.6
35 9.4
462.9
337.5
356.3

M•A
661 . 2
720. 7
664.5

909.9
904. 6
918.7
960.1
893.1
946.6
927.6
933. 5

1089.7
9 30. 6
924.0
772.4
762.7
835.3
657.7
778.8
774.7
b54 . 7
603.2

MIN
629.1
704.4

524.2
873.4
d24.5
870.0
926.4
893.1
792.7

699.2
862.4
846.4
84o.2
853.1

614.8
o43.6
661.8
530.8
527.0
552.4
534.1
281.3

MEAN
642.6
714.9
839.9
8 9 ,L .6
867.4
b 92.0
943.2
893.1
871.7
841.5
886.5
898.1
886.3
880.0
669.6
732.5
741.8
585.2
620.0
653.0
578 . 7
483.0

MAX
16.5
47.3

135.8
153.6
231.0
274.4
2893.
311.5
312.9
334.9
333.8
344.9
354.6
356.9
376.0
421.3
442.9
463.0
461.0
481.0
468.0
434.0

MlIi
14.6
45.2

103.9
142.8
225.0
271.8
286.4
311.5
298.9
292.5

314.8
317.9
323.8
326.0
355.0

367.0
386.6
428.1
374.9
352.7
378.7
281.0

MEAN
15.5
46.4

104.9
146.7
228.8
272.9
287.7
311.5
305.8
318.0
323.1
333.8
339.8
345.3
370.7
400.1
425.9
449.9
444.7
436.1
426.0
404.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41305E

Test Date: 12/3/80

Test Type: F6rced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.1 psia)

872 0C (1601 0 F), 4C 1.70 m

(67 in.)

1.5 kw/m (0.45 kw/ft)

19 mm/sec (0.73 in./sec)

49 0 C (120 0F)

472 0 C (467 0 C - 478 0 C)

[882 0 F (873 0 F - 892°F)]

43.4 mm (1.71 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dplane:

0% to 200 seconds and -1% thereafter(a)

0% increasing linearly to 1 %(a)

-5%(a)

a. Relative to run 42705A

K-459



FLECH1 SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER41305E

ROOIELEV TINIIIAL MAXI MUM TEMPERATURE
CHAN. NU AT FLCOD TiPPERATURE RISE

(DEC r) (LEG F) (DEG F)

TURNAROUND QUENCH
TIME TElPREATURE
(SECONDS) WOEG F)

2A
4C
I:

2A

2A
5C
2D
13

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
0

7
0
2
4

9
10
12
16

19
36
39
47

3D 6- 4
43 b- 4
5C b- 4
50 6- 4

1D 6- 5
2A 6- 5
Z2 6- 5
38 6- 5

3C 6- 6
4C 6- 6
3C o- 7
3E 6- 7

30 6- 8
4A 6- 8
1C 7- 0
2B 7- 0

30 7- 0
5B 7- 0
28 7- 6
2C 7- 6

2E 7- 6
3A 7- 6

38 7- 6
48 7- 6

5C
52
54
55

56
5o
61
b3

72

75

83

a6
67
93
94

96
103
110
111

119,3.
1261.
1370.
1521.,

15, i.
13S4.
15C9.
14i7.

143i.
1525.
1459.
1495..

1467.
146.
1532.
1549.

1507.
15b3.

14S7.

153S.
1444.
1414.
14 Q0.

1461.
13Z.
13S,.
143C.

112i.
T E A 0 Jl

1436.

14i" .
I1.; 4.
9i2.

12C1,

12ti.

S53.
85d.

1123.
1127.

964.

10OCC.

720.

313.

1271.
1321.
1466.
1651.

1671.
1652.
1744.
1641.

1778.
1727.
1684.
1654.

1653.
1671.
1733.
1763.

1801.
1797.

C U P L E D
1716.

1811.
lo' 7.
1598.
1681.

1744.
1596.
1679.
1709.

1473.
C0 LPLE C

1619.
1729.

1667.
1469.
1315.
1631.

1568.
16Z8.
1404.
1302.

1599.
1597.
1409.
1382.

1455.
1082.
1253.
1072.

745.
1080.
754.

78.
59.
98.

130.

145.
257.
235.
163..

346.
202.
225.
159.

166.
190.
201.
214.

234.
213.

A T A
220o

272.
203.
184.
221.

283.
214.
283.
279.

346.
A T A*

491.
293.

242.
335.
343.
430.

340.
338.
451.
443.

477.
470.
425.
483.

455.
451.
387.
352.

174.
412.
440.

38.0
33.5
45.5
54.5

64.5
86.5
101.0
103.0

110.0
78.5
107.0
105.0

89.5
104.0
105.0
79.0

85.0
93.0

105.0

103.0
108.0
59.0
78.0

78.0
79.0
87.5
86.5

79.0

135.0
105.0

102.0
116.0
129.0
104.0

144.0
128.0
116.0
132.0

128.0
133.0
84.5

148.0

144.0
191.0
169.0
188.0

217.0
176.0
203.0

776.
835.

b43.

036.
1084.

735o
926.

251.

1072.
83v.

b65.
146.
b03.
715.

671.
u17.

647.

863.
80?.

664.
661.

76L.
62 .
712.
727.

670.

635.
719.

762.
700.
669.
766.

706.
716.
590.
631.

681.
607.
699o
64b.

59C.
563.
621.
754.

51b.

557.
553.

QUENCH
TIME

tSECONOS)

113.5
106.9
141.5
222.E

265.7
281.1
320.9
275.6

518.c
311.7
3C4.2
312.7

290.4
345.G
331.C
332.4

336.6
341.1

340.t

344.7
35E.E
359.C
368.2

349.S
371.0
401.7
379.

113

115
120

5C 7- 6
1C 8- 0
2E 8- 0
3D 3- 0

53 8- 0
5C 8- 0
1C 8- 6
10 3- 6

2C
48
50
30

8-
8-

9-

6
6
6
3

122
124
126
129

133
134
135
136

138
1.,3

145
15C

152
157
164
166

168
16co
171

392.5-

436.1
397. C

388.5
426. C
419.9
408.S

417. C
414. C
448.C
440.5

440.2
443.0
419.0
439.3

448.0
460.6
456.S
349.2

340.4
450.6
429.9

4: 9- 3
1012- 0
4810- 0
5010- 0

2A11- 0
4, 11- 0
1011- 6

K-460



RUN 4A305E HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL l-,P (016 F) TURNAROUNC TIME (SEC)

ELEV
12
24
39
4o

60
67
70
73
7,4
75
7o
77
7b
7(o
80
81
82
84
90
90

102ill111

120
132
136

ELLV
12
24
39
4d
6u
67
70
73
74
75
76
77
76
79
80
81
82
8',
90
96

lOZ
111
120
132
136

MAX MLN PLAN
662.4 635.0 653.3
925.7 856.0 6d8.0

1261.1 172.1 1 20.8
1420.7 1335.0 1375.2
1544.3 1513.0 1!526.0
1600.5 1500.0 1547.2

1564.8 i53o.7 1±61.2
1464.t 1464.6 1464.6

1508.7 i50o.0 1506.d
1492.1 145Y.3 1475.4
1547.6 1459.3 1446.0
1549.1 1480.7 15C7.0
1583.3 ±44u.0 1521.1
1556.9 1496.0 1±33.2
1539.4 1432.5 14.0.3
1524.8 1524.6 1!24.8
1469.4 1460.4 14t9.4

1493.5 13b2.1 1439.3
1491.. 1126.6 1335.3
1300.2 972.C 12C0.4
1442.6 79o.5 1C32.2

999.t 766.7 670.1
±073.5 62d.2 li3.6

668.2 504.6 164.9
593.9 313.2 453.6

MAX MIN MEAN
673.1 645.7 663.6
950.1 883.0 911.9

1320.5 1244.2 1274.0
1529.0 1445.2 1480.6
1699.5 1650.5 1668.6
1791.0 1643.9 1719.6
1787.6 1767.6 1778.0
1679.9 1679.9 1679.9
1756.4 1744.1 1750.2
1655.9 1650.5 1654.0
1769.8 1606.8 1680.4
1763.1 1647.2 1682.8
1801.0 1641.7 1720.6
1787.6 1671.2 1728.V
1811.2 1647.2 1720.8
1819.1 1819.1 1819.1
1733.0 1733.0 1733.0
1762.0 1587.3 1682.6
1783.2 1471.9 1648.1
1700.6 1315.2 1580.0
1749.7 1009.9 1440.1
1469.8 1119.3 1301.5
1489.1 1001.6 1204.0
1080.0 739.9 831.4
835.4 753.5 794.4

QUENCH TEMP (DEG F)

MAX
8.0
19.5
39.5
49.5
54.5
78.5
79.0

103.0
101.0
117.0
107.0
106.0
105.0
105.0
111.0
102.0
105.0

79.0
135.0
144.0
142.0
180.0
191.0
244.0
203.0

PIN
6.0

13.5
33.5
44.0
4t.0
52.0

103.0
91.5

76.0

76.0
76.5

103.0
102.0
i•~5.0

59.0
19•.0

EC4.0

84.5
116.0
134.0
175.0
182.0

PLAN
8.0

15.7
37. C
46.3
51.8
67.5
74.7

103.C
96.3

107.5
v7.7
95.5
66.8
68.7

iC.8
1 C2. C
105.0

75.3
97.0
i21.4
119.2
153.6
17;.4
203.0
192.5

TEMP KIlt (DEG F) OULc•CH IIMt (SEC)

MAX
10.7
27.C
87.8

110.2
155.2
190.5
243.0
195.3
251.4
191.2
225.0
214.0
250.4
228.7
286.0
294.3
Z63.6
289.8
491.0
433.8
476.6
533.5
494.5
411.8
440.3

9.6
20.*3
5* 4

97.7
129. .
142.Z
202.8
195.3
235.4
163.8
135.1
156.3
141.8
124 .7
±55.1
294.3
263.6
164.4
241.7
334.6
211.4
341.5
21jt
173.t
241 .5

PEAN
10.3
23.9
73.1
105.4
142.7
172.3
216.7

243.4
178.6
184.4
175.8
199.5
19i.3
230.5

i 9p4. 3
263.6
i43.2
312.d
379.6
407.9
431.4
410.4
266.5
340.9

MAX
617.9
754.0
865.5
925.4
87 5.4
929.5
885.7
929.0
734.8
993.2

1071.6
922.8
675.2
d75.3
866.7
636. C
838.9
760.4
820.4
785.6
789.6
665.8
782.2
632.1
552.5

MIN
588.3
720.5
775.6
868.6
841.1
834.3
857.4
929.0
683.7
652.9
690.6
710.2
671.1
815.3
800.1
836.0
838.9
628.8
635.5
669.4
590.0
550.8
546.1
518.2
533.3

MEAN
602.4
738.0
816.1
894.2
853.2
870.9
873.8
929.0
70Q.2
796.6
848.1
812.2
821.2
843.8
842.7
836.0
838.9
676.3
710.3
709.0
667.5
595.3
638.1
580.9
542.9

MAX
20.9
45.5

113.9
148.7
222.8
269.4
294.8
238.9
320.9
302.6
333.3
345.0
344.8
342.9
360.8
349.9
352.8
377.0
436.1
430.0
448.0
457.1
467.0
450.6

PIN
I1.4
4 5.0
9t.9

141.9
214.b
2t3.6
27t.7
238.9
314.9
263.4
275.6
29C.4
31i.7
331.0
336.7
34S.9
3 52.
349.9
37S.6
4 0E.
355.7
407.0
333.4
313.2

MEAN
19.4
45.3

107.8
144.5
219.9
262.E
267.8
238.9
317.9
2•4.6
311.6
323.5
332.2
337.5
347.8
34S.9
352.8
366.7
396.3
419.4
422.7
43d.5
43C.8
3tt.5

441.3 42S.9 435.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42105F

Test D ate: 6/30/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

8740 C (1606 0 F), 3C 1.78 m

(70 in.)

1.46 kw/m (0.444 kw/ft)

19 mm/sec (0.73 in./sec)

50 0 C (122 0 F)

480 0 C (466 0 C - 486 0 C)

18960F (870°F - 907°F)]
43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

m i dpl ane:

+1.5% to 30 seconds, *0.5% to 150 seconds, and -1%

thereaf ter(a)

-1% increasing linearly to -2%(a)

approximately -3. 5 %(a)

a. Relative to run 42705A

K-462



RO3 I E LV

FLECHT SEA4ET 21 AJO BUNDLE TE4r SERIES
RUN NUNBER42105F

TINITIAL MAAIMUMi r•MPEkATUKE TURIAROJND QUENCH
CHA4. NO AT FLOOD TEMPERATURE RISE TIME TEMPREATURE

(DEG F) (DEG F) (DEG F) (SECONDS) (DEG F)

24,
4C

24

2A
5 C

20
1 r)

30
41
50
10

2 A

20
38
3C

3E
4C
5C
30

3C
4A
IC

28

3D
58
?8
2C

2E
3A
38
48

5C

IC
2E
3D

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

3
3
0
0

7
2
3
4

4
4
4
5

5

5

6

6
6
6
7

0
0

0
0
b
6

6
6
6
6

6
3
0
0

6
6
6

6
6
6
3

3
0
0
0

5
6
7

12

14
33
39
46

5051

56
58

59
62
63
69

70
73
76
85

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1208.
1283.
1406.
1529.

1538.
1438.
1466.
1419.

1458.
1544.
1472.
1399.

1457.
1478.
1547.
1525.

1439.
1572.
1530.
1540.

1567.
1440.
1407.
1477.

1488.
1373,
1422.
1414.

1225.
1430.
1487.
1455.

1419.
1215.
1058.
1312.

1 179.
1290.
1024.

881.

1153.
1162.
1079.

966.

1032.
636.
881.
760.

1269.
1318.
1460.
1663.

1648.
1609.
1653.
1587.

1740.
16 66.
1564.
1584.

1595.
1659.
1714.
1761.

1615.
1722.
1637.
1744.

1775.
1587.
1600.
1655.

1673.
1530.
1655.
1676.

1413.
1568.
1694.
1655.

1598.
1514.
1355.
1631.

1339.
1 J29.
1398.
1198.

1555.
1493.
1370.
1352.

1413.
995.
1275.
1091.

62.
36.
55.

134.

111.
171.
187.
168.

282.
122.
92.

185.

138.
181.
167.
236.

176.
153.
107.
204.

209.
148.
194.
178.

185.
157.
233.
261.

188.
138.
207.
200.

179.
299.
297.
319.

161.
239.
374.
317.

402.
332o
291.
386.

382.
359.
394.
332.

36.5
21.0
40.0
51.0

51.5
;8.0
86.5

1).79. 0

98.0
54.0
54.0

101.0

98.0
86.5
D0.0

94,.5

110.0
76.0
51.5
97.0

89.5
101.0

78.5
77.5

53.,0
53.0
79.0
56.5

67.0
63.5
57.5
74.0

64.5
96.5
96. 5
98.0

72.0
95.5
99.5
66.0

130.0
1Z4.0

79.5
143.0

137.0
173.0
151.0
161.0

162.0
160.0

807.
822.
865.
906.

893.
287.
815.
918.

232.
d08.
731.
893.

831.
870.
569.

1093.

1065.
774.
817.
762.

8j9.
889.
640.
624.

618.
583.
747.
776.

714.
72I.
719.
704.

733.
692.
659.
781.

*20.
6,2.
553.
588.

698.
605.
589.
667.

624.
678.
605.
733.

586.
543.

QJENCH
TIME

(SECONDS)

105.8
102.0
146.0
203.9

240.6
382.0
283.7
275.7

609.0
311.8
325.7
286.8

287.7
299.7
325.0
310.4

303.4
320.0
328.4
335.3

327.4
305.7
360.0
355.7

353.0
356.0
376.9
370.0

368.9
368.4
378.0
378.8

378.0
397.0
390.1
386.6

390.8
398.9
414.0
395.0

405.0
416.7
406.0
415.9

421.0
416.9
435.9
364.3

58
5C

ic
10

2C
48
50
30

4C I-
10 10-

4810-
5010-

2411- 0
4C11- 0
1011- 6

171
172

**B A 0

549.
692.

THE R M 0

802. 253.
1062. 370.

C O U P L E DA T A 0

386.9
435.0

K-463



RU4 42105F HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)1NITIAL TEMP (oEG F) TUR4AROUND TIME (SEC)

.-'S

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
FO

81
84
90
96

102
111
120
132
138

ELE/
12
24
39
48
60
67
70
71

73
74
75
76
77
78
79
10
81
84

90
96

102
1Il
120
132
138

MAX
748. 3
939.8

1282.8
1476.2
1529.0
1600.3
1605.8
1548.4*
144 1.9
1424..8
1475.2
1486.9
1544.1
1547.3
1572.2
1572.2
1566.8
1466.6
1494.4
1486.9
1348.8
1173.3
1331.5
881.0
592.0
629.9

MI N
700.4
939.8

1182.7
1362.4
1453.7
1499.8
1396.0
1504.1
1346.7
1360.3
1324.7
1387.6
1371.9
1399.1
1437.7
1365.6
1432.3
1466.6
1372.9
1122.4
1058.3
834.4
785.7
636.2
496.9
603.6

MEAN
724.3
939.8
1224.4
1413.5
1480.2
1557.5
1460.7
1526.2
1394.3
1392.5
1430.9
1437.3
1458.9
1477.1
1505.5
1493.8
1484.1
1466.6
1436.9
1386.0
1251.6
1065.9
920.8
789.8
567.8
616.7

MAX
753.5
950 .*L

1318.4
1527.9
1662.5
1758.6
1777.6
1749.7
1707.3
1666.8
1726i3
1733.0
1739.7
1714.0
1760.9
1744.1
1775.4
1639.6
1708.5
1720.7
1674.5
15 54.9
1426.9
1310.0
1062.4
1040.8

706.7
953.1
1240.0
1420.5
1571.5
1634.1
1551. 7
1722.9
1574.4
1594*.9
1558.2
1567.9
1557.1
1561.4
1581.9
151i.4
1287. 3
1634.6
1530.1
1413.0
1339.4
1186.8
1087.2
992. 4
072.0
d86.1

ME AN
730.1
950.1

1275.9
1463.7
1608.4
1693.0
1620.6
1736.3
1640.8
1630.8
1650.7
1636.2
1634.8
1635.0
1645.5
1654.9
1676.2
1639.6
1623.5
1599.5
1521.5
1408.5
1252.4
1165.1
841.7
963.4

'IAX
6.0

10.0
41.5
40.0
51.5
78.5
77.5
79.5
97.0

109.0
119.0
107.0
113.0
101.0
111.0
109.0
108.0
97.0
78.5
86.5
98.0

124.0
176.0
188.0
162.0
181.0

MIN
5.5

10.0
21.0
21.0
49.5
51.5
51.5
75.5
91.5
92.0
76.5
78.5
51.5
80.0
51.5
52.0
88.0
97.0
53.0
63.5
65.0
66.0

126.0
1101.0
155.0
180.0

MEAN
5.8

10.0
33.0
34.0
50.7
57.7
65.5
77.0
95.3

100.5
94.6
93.1
85.6
93.4
79.5
86.0
97.4
97.0
62.7
73.5
88.5

100.7
149.6
161.5
158.5
180.5

TEMP RISE (OEG F) QWENCH TEAP (DEG F) QUENCH TIME (SEC)

l"AX
6.3

10.3
61.5
58.1

133.5
159.4
197.8
218.8
265.4
242.0
269.*4
286.8
281.7
256.9
236. 3
220.2
240.7
173.0
215.1
296.0
325.7
402.4
418.1
432.1
370.4
410.9

NIN
5.2

10.3
35.6
36.4

118.5
110.7
134.4
201.3
227.7
234.6
171.3
133.5

83.2
85.3
85.5

104.0
147.5
173.0
150.7
137.7
151.7
290.9
271.3
331.6
175.1
282.5

ME AN
5.8

10.3
51.5
50.2

128.2
135.5
159.9
210.0
246.6
238.3
219.7
201.0
175.9
157.8
140.0
161.1
192.1
173.0
186.7
213.5
269.8
342.7
331.6
375.4I
273.9
346.7

MAA
672.2
739.0
822.3
873.4
906.2
932.2
906.3
927.2

1090.1
287. 7

1035.0
1419.8
1065.8
1094.0
1092.6

981.4
888.8
825.1
704. 7
808 . 4
781. 1
698. 4*
718.0
733.1
679.7
573.2

MIN
642.0
739.0

006.7
d02.7
734.3
055.4
Z86.6
287.7
257.6
283.4
231.8
231.8
231.8
5b68.8
748.4
762.3
775-.5
825.1
583.5
699.7
619.8
526.1
520.3
605.3
542.9
550.3

MEAN
657.1
739.0
815.4
853.2
802.6
897.1
592.7
607.5
673.8
285.5
562.2
615.0
611.4
819.2
865.3
838.2
826.7
825.1
652.9
735.2
710.3
599.7
631.7
651.6
599.8
561.8

IAX
18.2
4#7.8

105.8
146.0
214.8
252.5
536.0
425.0
561.0
531.0
506.0
604.0
509.0
333.0
336.0
341.6
343.6
331.4
362.0
382.0
400.6
416.7
421.0
435.9
435.0
448.0

18.0
47.8

102.0
138.4
203.9
240.6
260.6
274.6
279.4
363.0
286.1
224.2
275.7
286.8
280.7
299.,
305.7
331.4
327.0
360.9
381.9
395.0
355.0
364.3
285.4
436.9

MEAN
18.1
47.8

104.2
142.1
210.4
247.3
349.9
349.8
420.2
447.0
418.3
399.3
398.5
307.2
317.7
325.6
331.2
331.4
351.1
372.7
391.0
407.4
399.7
418.0
360.0
442.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42606A

Test Date: 4/1/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

872 0 C (1601°F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

23 mm/sec (0.91 in./sec)

50 0 C (122 0 F)

502 0 C (4930 C - 508 0 C)
[935 0 F (920°F - 947F)l]

49.20 mm (1.937 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power.

approximately 1% decrease between 100 and 140 seconds(a)

exponentially increasing from +0.2% to -1% by 570 seconds(a)

a. Relative to specified conditions
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ROD/ELEV

2A 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

FLcCHT SEASET 21 ROD BUNDLE TEST SERTES
RUN NUM6ER4Z6O6A

TINIVIAL MAXIMUM TEMPERATURE TURNAROUND QLENhH
CHAN. HU AT FLCOU TEMPEKATURE RISE TIME TEAPREATUR6

(UEG F) (uEG F) (DEG F) (SECONDS) (0DG F)

2A
13
2)
3D

5."

43
5D

2A
33
3)
20

5-
6-
6-
6-

6-
6-
6-
6-

6-

6-
6-

7
2
2
2

2
3
3
3

4
4
6
5

9
11

14
17

21
50
53
56

61
cp3
o6
09

70
75
79
84

65

86
95
97

3: 6- 5
3; 5- 5
3C 6- 6
44 6- 6

3D
5C

23

8-
7-
7-

0
6
0
0

98
101
110
111

3D 7- 0
58 7- 0
23 7- 6
2C 7- 6

115
117

211

igZ

122
123
124
127

11,5.
lit4.
1311.
13,13.

14t9.
14t1.
1574.
15,1.

15212.
1446.
15 4.
1461.

14S1.
1560.
1542.
15t3.

15tz.
15 1,#.
15t4.
14-'3.

12C2.
1481.
14 C5,
14 2c .

144d.
1330.

1371.

1141.
12 t(;.
1411.
137(4.

1251.
1159.

710.

11C4.
it1.
dC2.

103C.
1046.
955.

951.
541.
ete.
709.

530.
626.
3S2.

12b5.
1306.
1532.
1667.

1795.
1922.
2046.
2082.

1836.
1905#
2030.
1948.

1927.
2086.
2085.
2068.

2115.
1990.
2108.
1945.

1il9.
ld646.
1800.
1764.

1856.
1775.

C JiL P L E D
1889.

1703.
1761.
1945.
1925.

1724.
1730.
1324.

.2092.

1689.
1633.
1547.
1351.

1632.
1612.
1486.
1506.

1527.
1146.
1356.
1245.

871.
1111.
6800

161.
142.
221.
314.

327.
461.
472.
491.

364.
459o
475.
458.

436.
505.
542.
505.

533.
476.
544.
492.

618.
366.
3q5.
338.

409.
445.

A T A*
512.

511.
472.
534.
546.

474.
571.
621.
536.

549.
529.
566..
548..

602.
516.
531.
656.

576.
556.
540.
536.

340.
485.
488.

40.5
33.0
54.0
86.5

88.5
120.0
102.0
96.5

70.5
122.0
102.0
103.0

105.0
101.0
107.0
104.0

98.5
121.!0
106.0
120.0

131.0
71.5
90.0
57.5

87.0
121.0

99.5

83.5
118.0
105.0
120.0

136.0
121.0
154.0
103.0

119.0
136.0
103.0
74.5

103.0
115.0
93.D

14q.0

136.0
178.0
137.0
183.0

183.0
159.0
185.0

90C.;
944.
903.
b53.

961.
1002.

924.
995.

997.
1c09.
927.

934.
1036.
bbgi.

897.

951.
1014.
93e.

967.

824.

961.
7y~ 7.
704.

700.

777a

7b2.
614.
835.
o04.

666.
7Y3.
672.
936.

611.
b14.
bb6.
611.

692.
633.
580.
69si.

70b.
699.o
616.
726.

626.
496.
621.

QUENCH
TIME

(SECJNDS)

98.s
95.9

159.6
251.4

313.6
391.8
392.6396.E

372.6
404.8
413.7
403.8

419.7
410.4
441.5
425.7

424.6
414.7
436.7
437.4

561.0
415.7
4d0.0
4o7.8

4o5.C
476.7

518.1

505.7
531.4
523.7
529.0

499.9
560.7
569. C
434.8

554.C
540.0
564.C
568.C

574.C
592.7
596. C.
605.&

598.0
551.9
631.'
518.6

475.C
613.0
435.4

2E
3A
33
43

5C

2E
4C

7-
7-
7-
7-

7-
,i-

6--

6
6
6
6

6
0
0
6

58 8- 0
5C 8- 0
IC 3- 6
ID 8- 6

2C I-
48 3-
50 9-
3D 9-

4C 9-
ID10-
4310-
5D10-

6
6
6
3

3
0
0
0

126
131
133
136

i3a
139
141
142

143
145
146
1S4

156
161
164

166
170
172

2A11- 0
4C11- 0
1311- 6

K-466



KUN 4?606A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INiTAAL TEMP tEG F) TURNAAUUhu TiA (SEC)

ELEV
12
24
3y
4o
60

67
70
71
72
74
75
76
77
7b
864
90
9t

lO2
111
120
132
136

ELEV
12

24
39
46
6U
67
70
71
72
74
75
76
77
7d

84
9u
90

102
111
120
132
13d

MA X
573.0
659 .*t

1164.1
1322.7
1439.2
1556.1
1593.9
159i5 . 3
1600.6
1590.7
158o.4
1584.2
1562.4
1564.0
1447.7
1411.3
126d.4
1006.3
903. 1
81o.4
626. 3
578 . 6

540.2
763.2

1223.2
L303 . r

1493.2
i47Z.1

1476.b
1450.0
1440.4
1472.1
142o.4
1452,6
i5Z.7
119 A. 5

702.7
602 . 5
704.6
590 *7

49: .:)
391.5

MEAN
553.6

1112.4
1277.5
1359.2
14E6.2
154b. 2
1547.4
11.3o.9
1543 . 8
1537.4
153d.3
1523.7
1510.7
1380.2
13C8.1
113o.2

4s1.1
677.4

15107

4b9.2

MAX
596.2
924.3

1305.8
1563.6
1753.1
1954.5
2048.3
2065.8
2072.8
2082.1
2092.7
2106.8
2115.2
2108.0
1879.1
1945.3
1871.1
1669.0
1549.5
1381.3
1111.0
1065.5

N IN
568.4
857.2

1229.6
1474.1
1591.7
1795.4
1894.9
1899.4
1835.0
1845.1
1905.1
1926.9
1912.0
1846.3
1635.4
1675.5
1323.6
1350.9
1270.3
1146.3

870.6
879.9

MEAN
580.4
886.1

1265.8
1515.0
1663.6
1853.2
1969.9
1987.0
1952.91
1997.4
2015.6
2026.1
2025.5
2004.0
1790.8
1810.9
1699.7
1524.4
1420.4
1276.5

945.9
971.5

MAX
9.5

20.5
40.5
69.6
93.5
95.5
99,6
119.0
103.0
120.0
122.0
132.0
139.0
131.0
138.0
138.0
154.0
136.0
152.0
186.0
219.0
200.0

MIN
8.5

2 C. 0
33.0
46.
4 3.u
82.5
66.5
b4.5
71.0
1 C. S
96.5

48.5
71.5
51.0
61.5
6t.5
61.0
99.5

137.0
15q.0
11C.0

MEAN
8.9

20.1
36.0
55.1
73.6
87.o
94.6
99.1
40.7

98.5
105 .9
106.4
115.4
106.5
49.2

106.4
120.e

127. 7
Itb.0

166.8
10. *4

TEMP KLSC W0c6 F) QUENCH TEAP (DEG F) OUENCH TIME (SEC)

MA X
2o.2
74.0

161.1
267.0
33d ,4
396.4
454 . 3
470.4
4 72 . t
491.4
50o. 3
522.*6
532 . t
544.0

540o C
020 . 9
65o.7
055.5
6o0.5

404.7
57,.5

MI N
Z3.2
b1.5

141.7
220.7
251 .*
320 .!)
401 . 7
407.0
331.6

345.4

435.!)
474.9
36to . I
33b.Z

45o.3
401.7
454,.o
494.3
340.3
404 . to

PE~h
2b.7
66.7

154.4
237.5
30*. 4
jo5 . 1
423.7
430.7
414.0
453.0
47a.2
481.7
501 . 9
443.3

410.6
!C2.0

581.5
54d.3
.42.9
571.4
394.3
Id2.3

MAX
594.8
813.9
943.8

1062.3
852.6
997.4
965.7

1034.0
1037.2
1034.8
1036.7
1038.5
1014.4
987.8
809.7
873.6
842.2
692.1
856.7
732.1
796.9
621.3

MIN
567.1
759.4
814.6
903.3
801.6
934.2
923.3
885.9
902.5
626.3
885.5
889.6
896.8
872.4
680.8
722.5
671.9
579.2
521.5
617.7
495.7
528.1

MEAN
578.7
778.3
886.1
965.1
8628.7
967.6
941.2
939.14
958.1
96 0. rr
957.4
949.6
945.0
930.a
753.2
822.9
787.R
623.0
684.9
674.5
534.4
565.4

MAX
10.5
39.9
99,9

159.8
?56.8
319.3
354.6
369.6
381.6
401.8
413.7
419.7
433.6
441.6
494.0
531.9
589.0
596,.0
612.0
631.9
613.0
628.0

PIN

34.9
S5.9

137.9
2 5C. 6
3±Z.6
34t.7
344.6
35C.7
372.6

3g3.8
414.7
415.7

473.l
4 99.9
54C.0
566.0
455.5

341.7
435.4

MEAN
10.3
36.5
98.2

147.3
253.2
315.8
350.2
356.8
368.0
3bc.1
403.8
412.6
424.2
434.1
4 83.4
519.1
561.3
583.4
574.6
586.8

4668.5
547.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42306B

Test Date: 6/20/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

875 0 C (1607 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

23 mm/sec (0.91 in./sec)

50 0 C (122 0 F)

529 0 C (523 0 C - 532 0 C)

[984oF (973°F - 9900F)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dpl ane:

+1% to 140 seconds and -0.5% thereafter(a)

-0.5% constant(a)

a. Relative to run 42606A

K-4 68



ROD/ELEV

FLECHY SEAEf 21 GJu oUNDLE rEST 3ERIE3
Rj1j NUMJE(423063

TINITIAL i4X/Md1 IENPEKATuRE TJg3AiOJ'4 QUENCH
CHAI. NO Ar FLOUW TEAPERAIURE (IaE TI4E rtnPkEATJRE

(DEG F) (DEG F) f0EG F) (SE:O3D;) (DEG i)

24
4.:
ic
24

2A
13
20
3D

sC
10
48
5D

2A
20
38
3C

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4
5

3E 6- 5
3C 6- 6
30 6- 6
4A 6- 6

4C 5- 6
5C 6- 6
iC 7- 0
28 7- 0

30
53
28
2C

7-
7-
7-
7-

0
0
6
6

9
11

14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
1 54

156
161
164
167

168
170
172

1092.
1236.
1310.
1365.

1478.
1431.
1510.
1548.

1484.
1440.
1532.
1429.

1433.
1534.
1564.
1600.

1475.
1581.
1544.
1424.

1553.
1462.
1427.
1459.

1498.
1359.
1424.
1440.

1270.
1398.
1446.
1448.

1407.
1213.
1070.
1290.

1171.
1293.
1033.

789.

1120.
1208.
1051.

960.

1051.
588.
912.
737.

573.
688.
290.

1245.
1374.
1 497.
1080.

1062.
1806.
1940.
1963.

1678.
1797.
1944.
16,05.

1859.
1948.
1999.
2048.

1878.
2063.
2026.
1893.

203:.
1884.
1787.
1804.

1875.
1735.
1b 79.
1913.

1 i60.
1d840.
1925.
1901.

ib642.
17A3.
Ic16.

io75.
1780.
1564.
1361.

i oo6.
1771.
1467.
1 20.

1540.
111.
1353.
1252.

843.
1105.

940.

153.
13A.
186.
315.

384.
375.
429.

394.
356.
412.
466.

425.
413.
436.
4,8.

403.
483.
482.

433.
422.
359.
346.

376.
376.
455.
473.

391.
442.
479.
4j3.

435.
540.
545.
56b1.

503.
48 7.
531.
j72.

546.
563.
416.
550.

489.
623.
441.
514.

270.
416.
650.

35.5
32.5
42.5
33.0

116.0
136.0
107.0
116.0

130.0
100.0
116.0
149.0

148.0
136.0
116.0
116.0

133.0
116.0
115.0
145.0

115.0
132.0
102.0
103.0

133.0
115.0
116.0
113.0

34.5
116.0
113.0
113.0

131-3.0
118.0
139.0
116.0

114.0
127.0
118.0
150.0

116.0
116.0

54.0
137.0

11 3.0
1 9.0
116.0
232.0

138.0
158.0
231.0

807.
832.

768.

880.
898.
7,7.

935.
875.

826.
857.

872.
8o3.

421.

914.
913.
874.
00b .

938.

9344.
721.

741.

182.
7;1.
812.
8±0.

703.
840.
847.
8 30,

822.

7o9.
610.
d22.

65).
769.
619.
63,0.

o52.
720.
5)3.
708.

6d9.
575.
627.
762.

645.

614.

ýjEN.H
T I 1 E

107.9
105.0
15o.9
266.9

340.7
409.7
434.9
427.0

407.7
380.6
440.7
476.6

440.6
451.6
t49.7

449.4

4:) 3 . 3
461.8
4ob. 7
472. 8

4j 9.7
454.8
'14.0

525.*6

j 11.,9

i68.0
562.8

270.8
550.5
257. t
257.5

j49.4
591.9
594.0
582.0

o. 1.5
587.1
o19.0
616.0

223.0
D18.4
635.9
623.8

528. C
:64 . 0
b61.0

615.9

ý22 . 8
6oz.O

594.0

2E 7- 6
34 7- 6
38 7- 6
4R 7- 6

5C 7- 6
iC 8- 0
2E 8- 0
30 8- 0

58 8- 0
5C S- 0
IC 8- 6
10 8- 6

2C 4- 6
48 8- 6
50 8- 6
33 9- 3

4C 9- 3
1910- 0
4810- 0
5010- 0

2411- 0
4C11- 0
1011- 6

K-469



RUN 42300d HEAFER AJ0 4TATISTICAL D4T4

MAA TEMP (DEG F)INITIAL TEMP (DEG F) TJRS4ARUUN. frlAE (2ECJ

0-is

Q

FLEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
34
90
96

102
ill
120
132
138

ELE4
12
?4
39
41
60
67
70
71
72
74
75
76
77
78
84
g0
96

102
111
120
132
138

4AX
615.1
899.0

1235.8
1372.4
1485.9
1577.6
1606.8
1593.3
1477.8
1552.8
1586.8
1519.3
1599.8
1580.8
1498.2
1447.8
1318.9
1207.6
1050.6
312.4
688 . 3
672.0

AIN
563.6
812.1

1092.3
1264.0
1350.8
1465.0
1435.5
1415.7
1420.5
1430.7
1429.0
1433.3
1392.8
1406.5
1349.3
1269.8
1070.1

789.3
664.7
588.2
494.8
289.9

ME AN
582.0
843.8

1140.4
1302.9
1393.1
1502.7
1521.0
1510.1
1456.1
1500.8
1514.2
1511.1
1507.8
1490.5
1427.4
138q.1
1240.5
1053.7
947.3
745.1
583.1
474.6

',gX
634 . I
959.4

1373.9
1599.2
1778. 7
1956.7
2031.9
2G38.9
1902.9
Z2oal. 4
2002.7
2013. 2
2048 . 3
2003. 4
1874. 5
1924-. 6
1673.4
1770.9
1s39.8
1429.1
1104.7
1105 .d

MIN
189. 8

873.7
1245.2
1473.0
1s14.9
1845.1
1820.3
180l.0
1786.5
1804. 4
179d. 6
1332.7
1829.3
£856.4
1701.8
1660.3
1bl2.6
1361.4
1268.2
1210.o

83,. 3
671.6

flEAt
o00.6
905.5

1290.2
1521.7
1681.4
18821I
1924.3
1920.2
1647.2

1920.5
1922 .*
1930.0
1949 . 0
19 56bo
1797.2

1764 .2
12 b2 .u

1414-i
1305). I

9Z3.4
969.0

IAX
8.5

17.5
33.5

54.0
98.5

116.0
138.0
133 . 0
137.0
134.0
149.0

145.0
143.0
167.0
138.0
1160.
127.0
153.0
171 . 0
202.0

215.0
220.0

59.D

99.0
94 .,)

103 .,j
106.0
IOU. 0
±Ooo.j
105.0
111.0

87.?
90 . 0
87.D
64.0
94.0

116.0

167.0
171.0

.iEAN
6.3

1b.6
35.0

47.o
78.d

±04.1
113 .'
113.9

I Isý . 4110.'.

121.9
127.0
IZ8.?
107.6
105.9

113.G
105.6
116.9
170.o
.90.3
1-4.0

TEMP AISE (DEG F) 6UENCHi iEMP (OEG F) OJEm'.Hk lilE (SE-'

MAX
26.2
70.9

157.3
253.6
314.9
399.4
433.8
445.6
429.7
507.0
465.9
436.6
470.8
496.1
406.8
478.9
560.6
572.1
610.8
690.0
420.3
649.9

MIN
18.9
53.8

138.0
186.1
249.1
355.5
359.5
367.3
351.0
359.2
356.3
390.6
403.3
421.9
323.1
390.5
487.1
415.5
351.0
435.3
255.4
361.5

MEAN
23.7
61.7

149.8
218.9
288.3
379.4
403.3
410.1
391.1
419.6
408.2
418.9
441.2
465.6
369.8
439.4
523.7
508.3
467.1
560.0
340.4
514.4

MAX
613.2
7b5.2
682.4
953.8
870.7
966.9
S90.3

990. 1
950. 3

1(99.2
971 . 9

1010.1
95i.6
943.6
787.6
846.7
824.3
719. 7
767.1
762.0
733.7
b48 . 5

MIN
583.6
708.4

J07.0
860.8
767.8
$80.3
673.9
869.7
790.6
665.4

841.4
826.(,
d836.4 c
727.6
098.7
610.0
252. 6
542.9
572 .

559.7

j11.1

ME AN
59..4
732.2
832.7
907.7
b00.1
937.0
912.2
937.7
680.4
865.6
892.o
899.5
887.5
894.4
7.3.9
799.6
752.3
o27.3
653.2
640.7
630U .
575.6

lAX
12.5
43.9

111.6
153.9
272.2
342.7
333 .3
422.6
430.8
436.2
476.6
452.7
463.3
475.7
523.0
577.5
503.6
535.9
553.9
670.0
S62 . 0
677.0

M 4,4
ii.3

i02 .0

381.7

405 . c
3 80 .
427.6
44o.6
450.7

500.2

249.4

590.3
015 .*9
260.0
379.7

McANj

42.7
10i6 .8
158.0
2603.3
336.7
371.l
387.9
392.*3

#22 . 2
434.7
442.6
454.4
4o6.r
2?10.6
j59.9

)91 . 3
623.2
131.6

u55.4
5,~6.6
296.,



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42506C

Test Date: 8/26/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.268 MPa (38.9 psia)

874°C (1606 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

23 mm/sec (0.91 in./sec)

50 0 C (122 0 F)

520 0 C (505 0 C - 531 0 C)

[968OF (941oV - 987OF)]

B. Summary Results:

C. Comments:

Inlet mass flow:

Housing initial

temperature at

midplane:

+1% to 170 seconds, -1% to 310 seconds, and 0% thereafter(a)

approximately +3.5%(a)

a. Relative to run 42606A

K-471



rLLn4i JCeAcT 21 RLdO .JNDL- TEST S.R2TS
UrL I rNUMo-R4?.506C

I '.LLW. 7U .C T ... T, t: .r
T ID.=P A T' 10 T I,: &rOUN0 QL t\Lr.

T 14c T L AP R LA IbM
ýSrcC (S (0t G r )

2 A
42
12

2A

1D

2)
3D

5C

5 D

24

2.
3C

3=

3Z
3D
4A

4:

IC

2A

30
54

26

25

3;
31

5 Z
IC

21
30

56
5C,

IC
13

3
3
0
0 -7

21

5C
:3
:)c

7
2
2
2

2
2
3
3

5

0

0
6

0

5

C,

C

6

6

0

C

0
0

70
15

,)7.
95

97

"'C

121

.17

* 17

32c
431

1.33
•30

i',i

142

1512.

I LQ

14Vc,

;4C

.4 3 7

15 j.

I ? L

i35;.

5 7.

1.5 37 °

s.•C.

147.

125 .
133 .

1559.
1713.

1152.
1770.
1o35.
i o47.

o1,6.
1570.
1762.
1614.

Io01 .

114e .

18 45,.

2013.

134 5.

1v -o 7.
lo03.
1731.
1744.

17q7.

i-= 3! 3

177-.

!7.

1715.

i•2 1.

1029.

1752.
1554 .
134 b.

160.
146.

211.
303.

340,
2ql.

336.
291.

301.
392.
315.
326.

321.
332.
360.
402.

311.
434.
425.
367.

417.
309.
302.
294.

335.
310.
381.
420.

'6!.

351.

400.

357.
e F2.
527.
528.

423.
417.
516.
571.

413.
476.
610.

467.
575.
456.
465.

284.
442.
594.

40.5
33.5

51. 5
65.0

102.0

99.5

104.0
97.0

100.0

102.0

08.5
09.5
99 . 0

q98. 0
100.0

0 o. 5
QA. 5

09 . 0)
11?.0

55.0
43.5

56.0
64.5
70.*0
g o

66.5
6( 5 .

66.0

91.0

132.0

100.0

09.0

100. 0
122.0

98.0

123.0

91.. 0
190.0
114.0
255.0

145.0
143.0
186.0ý

044.

o06.
S34.

647.

94:;.

957.
943.

1C2,.
1ý ý2.

6d7.
;c 7.

977.
455.
coo.

7
9

o3
7;211 .

723.

714..

7412.

74c.

7c7.

t11.
752.
74.
E07.

72..
t17.
579.
524.

231.

625".
644.

b43.

752.
605.
69C.

663.

5oz.

QUENCh
TIME

SSECO1N0S)

; 3. 3
12C4 . C
1516.7
2 4-d. a

315.
398.2
4 15.;
414.C

4 C6 .I
413.1
407.7
415.t

340. 5

432.7

420.6
42b.7
44b.5ý

41.6.

4.40.o
433 .1
479.5
4 51. 9

528.7
541. 5

23. t
515.5
524. 7

312.3
573.9

359.7
5t9.S

5 t4 . (v
5o2.6

5 98. C
508. C

'3-- 0

6

3
50 i-

33 -

4 C 4-

1)10-
50 10-
5010-

; A L

145

IL *4

3
0
0
0

ioi

101

Ia?

170
172

T .1 K. I' C 4

IC 47.
'.12.

076.
7 12.

6134.
3C1.

J J e L ý . A
156 0

1524.
1521.

14a3.
I159.
1332.
1176.

351.
1116.

d,?44.

•6,O.
595.3
609.0

603.C
579.7
643.7
556.3

4563.1
629.C
573.4

2A11- 0
4C11- 0
1011- 6

K-472



KUN -.250bC HEATER ROfn STATISTICAL DATA

iNI TlAL I LMP tUEC r ) MAX TEMP (DEG F) TURNAROUND TiME (SEC )

ELE V
12
24
3 ,
4b
60
67
70
71
72
7,,
75
7o
77
7t

102

lii
12.
13Ž'
i3o

2'.
3'.
4

6u
67

7i
72
7..
72

74

77
7 o
3',

102
111.

132
13o

MA X
047.0
696. 7

1236.5
137t).
1407.4
1605.5
1592.5
154o.4
1520. *
i5 77.4
1597.5

.595.7
i57 7. 5
1477.4
i,t45. 2

Ii47.2
I U40 *0

o51 . t

AIN
5o2 *0

610 .1

£30) t

i4ooc

1511.0
±454.2

i42l .
±2± *0.•

i2•o, *

770. o
o2± .1

4.7u. 3
5o3,o

ACAN
5b•.3

1.i49.7

1335.1
14C2.3
15i3.e
I1L33 .4
1L524. ry

1!521.1
i ý41.3
1540.1

1 t2t . 7

SL.7. 5
i5c . 4

1449.7

:;73. ý
h4, i. 7

MAX
boO. 4
956.3

1384 . 4
1606.8
1777.6
1994.b
2047. 1
1993.4
1917.8
1874.5
1931.5
1974.0
1996.0
2013. 2
1825.9
16o4.4
1- 2 1 . 4
1loC. I
1521.4
1407.7
1ii . 2
1103.7

MIN
583.4
876.8

1257.8
1536.5
1709.6
1640.6
1689.7
1866.6
1905.1
1748.6
17b5.3
1783.2
i 001.0
1627.0
153.7
1 65-0.5
I bib.9
1 34 7.7
1302.7
1 15o.P

E50 .
Ž56.1

MEAN
610.1
915.4

1314.2
1568.1
1749.0
1883.9
1932.5
1936.5
111.v-
1825.0
1854.1
1965.2
1•93.(
1912.3
1733.P
1793.0
1735.q
1530.3
1425.2
1260.7

939.5
066.

MAX
9.5

19.0
43.5
66.0
Q9.5

102.0
111.0
106.0
105.0
109.0
100.0
113.0
102.0
113.0
98.5
39.5

106.0
129.0
146.0
255.0
173.0
186.0

PiN
7.0

31.5
51.5
65.0

53.5
C,07t.u

102.0

73.5
93.5

1;-1. 5

43.5
c:.•

7i.0

144.,.

MEAN
7.b

16.7
39.3
56. 1

83.3
96.3
C92 . 51

101.0
103.5
1CC.1

S4. 6
ICC . 3
9,.3
99;. C
t3.t

77.5

±00.1

1 C4. 4
154.7
150.0
iE5.4

TErýrl r-LJL ý) 9uENCH TEMP (DEG r) OUE.%Lh 1111L C 1CC)

'IA A

21.4
00. 7

3Ž76. i'31o.2

3oV .1
45'..c

33,. C
357.6
372.c
4.12 . 3
433.7
352 . 3
'.37.3
527 .
570.9
oU'7 . 0

od3. '

000.4.

r3.7

.32.4

310L.

41t, t

:573°7

P6 0

233.0It C C

*4 3 Z-± u

3LO.1

327.0

L .2 e

:c.20

5i 7.3

IA X
o37.2

688.4
465.1

10 .2
iOI C,. 3

1023 . 3
1017 . 5
1026.6

982 . 4
1027.7
976 . 9
983.2
o05.6
)14. 1
617.1
644.6
797.9
773. 1
673.2
5t2 . 0

711 N
5 o3. 0.

73 t,. 1
643.5

t 64. 3
841.2
941.2

620.0
694.1
623. 0

6d6.5
t3o,7

70 'o. 3

723.8
57e.8

619.Q
474.4
2.6 4. 3
2b4. 5

6 0 .14
606.1
759.2
570.7
923.7
i57,2
q~q. C

14 7.0
?'53. F

1000.0
328.7
91B. r7
424.14
934.5

010.'6
7 57.0
723.7
760.7
517.1
670.1
64'.. 1
611.4
500.0

12.0
42.0

105.9
162.1
256. t
320.6
365.6
372.4
350 . 5
415.'c
419.6
433.1
441.6
447.7
500.9
541.5
576.9
506.0
615.7
643.7
62q.0
630.0

3t.c

93.3

31ý.t

3 j,4 .3 SC...
35',.:

34tt. 4

3,, C. .,
411.6

407.,

504.1

317.9
2 4 .. It

tz: At,
l&.i

40.7

157.u
kŽ52. -
317.,o
356.6

3b3.2

3ý6.3
411.5
4C4 . 4
425.6
430.8

524.2
5j4.1
5;t.2
564. 1

43,'. 7
D224. 9



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42206D

Test Date: 10/16/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

878 0 C (1612 0 F), 3C 1.96 m

(78 in.)

2.6 kw/m (0.78 kw/ft)

23 mm/sec (0.90 in./sec)

50 0 C (122 0 F)

503 0 C (4940 C - 512 0 c)

[938OF (921oF - 9530F)]

36.1 mm (1.42 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

-2% to 125 seconds, decreased to +1% for 20 seconds and -2%

thereafter(a)

-0.25% constant(a)

a. Relative to run 42606A

K-474



k3D/zLFV

'.cCPt e S 'AS= T 21 RPOD UNDLE TEST SERTES
RUN NUMbI-R42?16Tr

IthIlILAL MA X1 '• 8L T.MPFRATUPF TURNAROUND w9LhC.C
CHA; . hu .31 I-LL'.J TLPPEkATURE KISE TImr TLMiPREAIUI.

toEc i) , F) (FDrG F) (SECONDS) (0Lk F)

2A
4S

10
24

2A
2)
3b
5C

I)
41
5j
24

33
1D
2)
3C

3±
3C
3b
4A

4-

1 -
26

3D
53
23
2C

3-
3-
4-

5-

6-
6-

6-
6-

t3-
6-
6-

6-
6-

6-

7-
7-

7-

7-

7-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-

3
3
0
0

7
2
2
2

7

.13

i-c
'C
55

ot

7':

3
3
3

4

5
5
5

5
6

C

6
6
C
C

0 A L,

24

0 c
9 7

lOu

101
103

'±3

0
0
6
6

6

6
6

5:
I C
2-
3u

53
5CSc

I D

2.
4 t
5 )
3)

6
t
0
0

0
0
6
6

115
z7

1.21
Izz

i23
12'.4
125
1 2c

129
132
i3,

43 /

1.4C

14Z

i'.3

155

I oC
±03

lot

i7C

lict.
123'.
13 1,.
14A2.

I2 '. 3.
ISil.

14S7.
1582.

1 11 t I .

14 t c.

25t2,
2i6 2.

15 io.

14t3.

iI lI(M.

14c5.

13,,0.
1444..
13-1i.

14i;.

14 'tc.

14Žd.

li2t.
13 Ca.

1252.
1327.

11,72.
S 41,.

I¢CE.
031,

l•.
514 -.
bu 32.

2S7.

1287.
13d9.
1524.
1

7
o0.

1623
1ý13.
1992.
1936.

1a77.
1951.
10'.v .

J U P L E D A T A
1663.
1405,.

2061.

169o7.
2072.
2037.
1914.

2046.
1919.

t L U P L c D
1633.

1877.
1704.
1861.
10ib.

1634.
14 ,.
1422.
1913.

1844.
169 0.
1544.
1652.

1704.
1793 .
1562.
15.4.

165,.
1629.
15o5.
15868.

1559.
1199.
1350.
1231.

91 E.
1176.
854.

11.
175.
205.
369.

339.
371.
472.
356.

379.
390.
368.
393.

380.
403.
449.

385.
472.
459.
431.

465.
372.

A T A*
385.

411.
364.
458.
547.

360.
416.
469.
467.

416.
529.
418.
546.

452.
457.
575.
689.

594.
470.
513.
647.

551.
568.
495.
478.

344.
520.
557.

43.5
41. 5
45.5
96.5

108.0
117.0

Q4.5
119.0

123.0
116.0
126.0
128.0

132.0
119.0
114.0

118.0
116.0
119.0
117.0

115.0
130.0

73.0

74.0
95.0
96.0
100.0

59.5
96.0
96.0
96 . 0

q7.0
112.0

95.0
Q4. 5

87. 5
104.0
109.0
131.0

106.0
75.0

107.0
116.0

106.0
172.0
119.0
133.0

172.0
173.0
194.0

7r t.

o2Ž.

7c 7.

745.

6 1 '.

71Ž.
b33.
57T.
092.

6C4.

674.
67'..

bo7.

boo.
501.
610.

66U.
Lo 7.9b7,

'.i a.

926.
'.16,

hlut.

965.

9io.

SIv2t.

'0 Iti.

96 5.9tt
936.

73t.

441.2
438.7

4'v3. a

4t4. 7
444 *9

5 3o . 4,
555.t

532.E
521 . ,
D25.4

517.9
5ý2. 9

570.C

5,3.5

623.C

612.0

621.C
615.3
596.7

b626. C

619. C
639.4

651.U

572.0
047.C
596. C

QUrhcH

(SECONDS)

104.6
IC2.5

261 *

329. 7
402.8

391.3?
4C3.6

406.6
415.4
416.t
416.(

423.7
432.t
420.7

435.o
432. E
43o.7
457.t

.7-

b
6
t
3

3
0
0
C.

4C 9-
1)13-

5D13-

2A11- C
4CII- 6
lll- 6

K-475



koN 42206U HEATER R)n STATISTTCAL DATA

MAX TEMP (DEC F)!NiTX.L I. btL F) TUPN XR.u.C 11ME (SEC)

L tJ V
12
24.
3"
4

c
6U
b7
72
7',.
75
7o

77
7o
cs ,
9 u
9t)

102
1il
12u
i32
13c

MAX m6t PEAN
b8'3.9 59j1. p 10.5
u 32 k o0:ý.Z t~i7. 9

1,213.6t !Clio.t 113;..3

I.50 5
.5 i377.6 I'3i.6

1609.4 148.5 1'527.Y
I5V9. 2 1367.• 1k35.9
!571.5 1444.b 1523.0
156u.7 L4oG.6 15,L.tO

1592. i4b,,. 1.543.1

lboo.; ±474 ... i'. 3.0
1•to5.4 1.33o.3 1•Co.b

i453.C 127.17 13d4.3
1357.- i12o.2 12 5 .
I1.7r 6.4.3 iL29.5
iuO7.9 797.6 92o.0

dot9 . 02.7 712.3

01.4.5 2co.6 4eo.3

MAX MIN MEAN
boi.5 614.1 630.3
886.1 669.6 878.9
1388.6 12a7.0 1321.9
1523.6 1511.7 1517.6
1856.4 1738.6 1791.6
197b.5 1820.3 175.7
2022.5 1788.8 1955.0
2029.6 lb59.9 1930.5
1478.5 1843.5 1910.0
2048.3 1664.4 1945.G
2061.1 1662.1 1953.1
2071.t 1664.7 1975.6
1876.8 1704.0 1793.6
1922.3 1634.1 1809.9
1910.9 1544.1 1732.7
1659.2 1445.2 1567.4
1568.4 1202.4 1410.8
13o9.7 1199.3 1282.1
1176.4 916.1 1010.4
1095,.4 654.0 941.0

QUENCH TEMP (DFG F)

MAX
8.0

17.5
44.5
56.0
96.5

109.0
141.0
131.0
128.0
134.0
132.0
131.0

95.0
110.0
117.0
131.0
120.0
173.0
173.0
194.0

PIN
7.5

15.5
41.5
45.5
06.•

S3.5
iC4.0

i3.5

114.0
Ict.
114.0
5',. *5

6 1. s)

13 L. C
17. 0

MEAN
7.7

1.5
43.2
50.7

rib . C
112,8
115.9

115.5

114.7

12C.3
77.,

101.0
1C0.2
111.5
147.4

18.3
1bb.3

4:- TýRr kiý, (L)Lb F) OUt.-.CH lMt (zECJ

IL t v
12
2s
3,1
4 t

6u
67
72
7'
75
7o

77
7 c

84
90
9o

102
Ilii
120
132
13o

MA A
2 1 . 3
o5 4

22,).4
36o . i
3oi .1
4 3t). 2
458. 1
443.6
461 . C
4o,4.9

472.4
411.4
547.1
553..

047.5

6t9 . 4

557.4,

17.*
54.3

172 *0

350.1
334.6

35c.1
367.'.

371 .'
34o.t
30,0.5

'10.1
3444.5
47,.3
144. 1
3'.6 .:1

LhAN

19.7
t6.0

1ez.6
212.8
16C.C

341.8
419.1

3q5.2
'.CJ.3
410.0
432.6

425.6
476.8

537.9
4t2.b

ACo. 3
452.6

MAX
629.d
741.8

1063.3
981.7
947.4
979.0

1020.0
980.2
946.4

1121.0
976.2
961.5
802.9
855.4
d50.3
692.C
790.7
687.0
607.9
610.C

MiN
598.3
725.0
660.4
914.4
887.7
925.7
852.0
653.5
854.9
842.9
86d.9
876.6
693.7
720.2
c92.1
569.5
526.7
58.7
501.0
287.7

MEAN
611.0
734.4
943.5
950.1
924.4
950.4
907.3
853.P
906.4
939.0
932.8
033.9
744.8
810.7
787.3
632.5
641.14
616.A
546.6
483.3

MAX
13.1
41.8

104.6
156.7
265.8
330.6
384.6
421.3
416.8
441.4
444.6
457.6
494.9
555.6
598.2
632.0
635.0

654.0
647.8
662.0

lI.C
34.7

102.5
144.t
254.0
323.6

360.t
372.2
4C8.6
405.6

42C.7
41t.7
47Eo
491.0
554.o

52S.9
462.5
572.0
404.0

Mi AN
12.5
40.b

103.8

260.b

326.C
377.5
4C3. C
412.9
423.6
431.7
43vb
486.8

529.9
575.b
t14.0
b07.3
608.0
811.9
576.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41206E

Test D ate: 12/3/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

872 0 C (1602 0 F), 2C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

23 mm/sec (0.92 in./sec)

50 0 C (122 0 F)

509 0 C (501 0 C - 515 0 C)

E949°F (934°F - 9590F)j
29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow: -2% for 20 seconds, +2% to 150 seconds, and ±1% thereafter(a)

a. Relative to run 42606A

K-477



FLrCH1 SEAScT 21 ROO RUNDLE TEST SERIES
RUN NUNBER41206E

l hiliAL MAXIiUM TEMPER&TURE TUR4RI
CHAN. Nu AT FLCu[C TiPPEKATURE RISE TIME

00D /cL IE OUND QUEhCH QUENCH
TLuPREATUkE TIME

DS) (DEG F) (SECONDS)(LEE F) (ur.G F) (OEG F) (SECON

2A
4C
I-
2 A

ZA

5C
20
ID

3D
4 b
5C
5 D

10
ZA

2D
38

3C
4C
3C
3E

3D
44
1 ^
28

30
58
28B

2E
3A
38
48

5C

2E
30

58
5:.
1:
1.0

3-
3-
'.-

5-
6-
6-
6-

6-

6-

6-
6-
6-

6-

6-
6-

7-
6-
7-
7-

7-
7-
7-
7-7-
7-
7-
7-

7--

7-
7-

7-

8-

3
3
0
0

7
0
2
4

9
10
12

36
31
47

5C
52
5 4

56
59
61
63

1229.
13C5.
1417.
152k.

1534.

14 , .

14i7.

1513.
1q62.
14I3.

1413.
145d.
14t,.
15Z3.

1414.
1462.
1648.
1686.

1872.
1852.
1922.
1823.

1977.
1924.
1905.
1846.

1842.
1879.
1934.
1961.

185.
157.
232.
360.

338.
437.
432.
389.

551.
411..
443.
373.

429.
422.
448.
438.

4
4
4
4

5
5
5
5

6
6
7
7

72
7 5

.53

8
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

80

o7
9•3
94

96
103
1ic
111

i13

115
12c

46 d -
5D 3•-
3D '4-

122
124
12o

133
134
135

136

138
143
145
15C

152
1•77
1o4
1o6

16b
1 61
171

1530.

I H t R P CC
143•.

14t2.
1421.
13tt.
142i.

14i~7.
135g.,

13S3.

12 C.
1 k ,- . 0 OC

1GiI.

14(1.

1305.
114.
926.

1150.

116l.
1236.

S74.
S23.

11cl.
1C',1.

99,1.
6Cc.

6 36.

63t.

3C2.

1999.
2003.

ULb P L E U
1905.

2006.
1854.
1704.
1752.

1775.
1719.
1810.
1815.

1597.
d L P L E 0

1713.
1872.

1790.
1645.
1491.
1734.

1635.
1721.
1528.
1460.

1732.
1613.
1432.
1481.

1525.
1219.
1331.
1182.

860.
1147.
871.

469.
457.

A T A
466.

524.
433.
336..
330.

349.
360.
453.
422.

390.
A T A.

622.
471.

405.
501.
566.
584.

454.
482.
554.
537.

631.
523.
513.
592.

533.1
611.
495.
498.

315.
508.
569.

43.5
42.0
53.0
85.0

85.0
131.0
133.0
120.0

133.0
104.0
133.0
131.0

131.0
124.0
131.0
117.0

133.0
12Q.0

134.0

132.0
133.0

75.0
71.0

59.0
175.0
85. 0
78.5

82.0

103.0
100.0

80.0
103.0
116.0
96.0

74.5
94.5
103.0
125.0

108.0
96.5

132.0
132.0

109.0
172.0
135.0
189.0

219.0
165.0
202.0

629.
b92.
976.
903.

t46.
1118.

9b9.

115G.
644.

1123.

9bb.
724.
636.
728.

1106.
9C;1.

b=7b,

o77.
74u.
753o
713.

79C.
7C '*

626.

785.

7C5.
805.

613.
760.
741.
610.

72 3.
753P
675.

753.
672.
643.

646.

622.
764.

)25.
55k.

129.2
121.9

162.S
282.6

353.6
307.
426.5
3d0.7

417.3
4C8.7
369.8
3o5.7

394.1
463. C
438.7
440.6

430.3
443.S

446.7

46(z3. t
488.4
474.S
4S3.2

448d . 7
485.S
537.S
500.7

534.6

562.C
531.2

520.7
564. 8
5o4. '
560.4

565.7
550.4
5sb.C
598,.2

585.9
592. C
588.1
598.6

605.0
638.1
622.0
549.1

536.0
633.C
60bV. ý

4: ý- 3
1013- 0
4810- 0

5010- 0

2411- 0
4.11- 0
1011- 6

K-478



RUN 4±206E HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TEIe (0EG r) TURNARUUtNC TIME (SEC)

ELEV
12
2'f
39
48
60
67
70
73
74
7 ý
7o

77
7b
79
8u
81
b2
84
90
98

111
120
132
13o

ELEV
12
24
39
46
60
67
7k
73
74
75
7a
77
78
79v

80
81
82
84
90
9o

102
111
120
132
13o

MAX
7C9. 2
990.0

130:. 3
146o.C
15o0. 2
1602.4
1 5a3 . r9
1477.t
1497.1
1467. e
1521.r
1523.4
1545.4
1:521 . 9
1504.6

1404.7
145o8*
1456. f
1250.3
1403.f
993 . 9

i035.1
639.1
5t5 . o

Mi r
t7Z.6

911.7
.L215 .1

1520 8
1501.4
1534.2
14771.
i490.7
1421 . 7
1433.S
1412.5
1372.4
14391.3
138u.b
i4b5.4

14L;4 . 7
i35o.b
±090.*

925 .c
75o,.•
70o .2

454.5
Ol. 7

PEAN
ftt.o

9148i.9
1241.5
1422.8
15 35 . 6
1552.9
1558.6
1477.8
1413.9
1440.b
1437 7. C
14 0i .*4
14E0.4
14 et.7
1489.4
1,•5.4

14C,4.7
14Ct .3
1313.4
111, .6
1005.6

btw .9
ib3.2
431.5
433.7

MAX
725.4

1030.5
1462.3
lb9.7
1923.5
1977.4
1974.0
1881.3
1922.3
1867.8
1947.6
1961.3
2002.7
1982.0
2006.2
2016.7
1924.6
1855.3
1872.3
1622.5
1889.2
1564.6
1494.4
1147.3
9o3.5

MIN
692.0
960.4

1394.9
1609.0
1880.2
1640.6
1949.9
1881.3
1910.9
1841.7
1821.4
1841.7
1 a51 .9
1905.1
1854.2
2016.7
1924.6
1704.0
1574.4
1491.2
1144.2
1230.6
1126.6

840.6
670.6

MEAN
712.5
991.3

1418.1
1649.0
1896.5
1913.7
1960.2
1881.*3
1916.6
1850.5
1877.7
1886.5
1922.0
1933.,5
193Z.60
2016.7
1924.6
1766.5
1757.6
1692.5
1535.6
1403.8
1296.6
922.7
917.0

MAX
7.0

14.5
46.5
53.0
92.5

122.0
115.0
103.0
133.0
144.0
133.0
132.0
143.0
135.0
133.0
133.0
132.0
175.0
117.0
116.0
158.0
149.0
189.0
220.0
202.0

11.5

45.5
62.0
67.0
1Ce.0

101.0
1C4.0
Ie0.0
106.0

117.0

133.0
132.0

47.0
62.5

74.5
b61. u

109.0
73.

159.0
191.0

EALN
6.7

13.0
44.0
48.5
86.5
94.4

109.7
1C3.C
12!; . 5
128.0
122.b
125.0
126 . So
130.2
128.8
133.C
132.0
91.2
84.7
98.6

111.6
131.7
151.0
19C.8
196.5

Tire RISc (WtG F) QUENCH TEAP (DEG F) QUENCH lMi- (SEC)

MAX
19.2
48.7
165.4
231.5
363.3
381.1
422.5
403.5
431.o
429.1
443.3
448.5
501.0
478.9
530. 1
551.3
519.9
423.1
622. 1
583.8
t69. C
642 . t
649. 0
500. 2
56d .

MIN,
10.2

3o.C
1-)7. C

223.4
Jbv .3

321.9
39U . 1
403.5
413.o
377.8
3oZ.$

391.u
374.b
384.4

551.3
511. 9
319.7
3b9 . 5
454 . 4
368.4
445.7
379.(
3141.5
317.9

Pt At.
17.0
42.4

116.6

228.2
380.8
380.8

4C3.5
422.7
4C3.9
4~c.b
417.1

441.5
44a. 0
4E3.4
551.3
519.9

3t2.1
444.3
535.9

130.0
'542.9
533.5
3i1.2
4c3.4

AAX
637.4
787.7
952.1

1017.1
948. 5
971.7
935.1
881.4
723.6

1061 I 1
1123.2
1041.1
1105.8
928.1
972.2
d65.0
906.5
811.9
859.9
812.2
746.7
696.4
812.2
595.5
p5 1 . 7

MIN
611.4
747.6
829.4
945.2
902.9
846.4
692.6
881.4
676.2
731.1
643.7
723.4
729.1
822.1
747.8
865.0
906.5
687.4
704.6
723.4
643.4
542.0
587.6
232.3
534.1

MEAN
620.3
769.6
884.9
'979.5
928.5
902.4
916.2
881.4
699.9
840.1
874.3
858.0
889.9
877.2
872.3
865.0
906.5
754.2
793.6
764.6
714.0
630.8
654.5
497.3
542.9

MAX
25.4
52.4

129.2
169.7
282.6
356.8
38q.7
344.6
426.5
426.9
458.0
463.0
469.7
453.6
488.4
470.5
464.8
513.5
582.0
575.0
600.8
623.3
638.1
633.0
609.9

?IN
21.5
'51. 4

112.9
162.9
27C.b
324.5
3tt.t,

344.6
417.7
3o5.7
3bC.7
394.7
401.b
42t.6
424.5
470.5

464.o
473.1
50C.7

451.4

447.8
46C.16
t;C .- . i

MEAN
23.1
52.1

123.0
165.2
276.3
344.9
377.7
344.6
422.1
385.t
408.7
424.5
435.5
442.9
457.7
470.5
464.b
4 6.4
532.7
561.3
567.5
6C6.9
598.9
j57.6
tC6.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42006F

Test D ate: 6/30/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

875 0 C (1607 0 F), 3C 1.78 m

(70 in.)

2.56 kw/m (0.779 kw/ft)

23 mm/sec (0.90 in./sec)

50 0 C (122 0 F)

526°C (509 0 C - 534oC)

[9780F (948 0 F - 9930F)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dpl ane:

-0.5% to 140 seconds and -1.5% thereafter(a)

-0.25% increasing linearly to -0. 5%(a)

a. Relative to run 42606A

K-480



RODIELEV

FLEk..il SEASET 21 ROD RUNDLE TFST SERIES
RUN NUMBER42006F

IINtIIAL MAXIU M TEMDFRATURE TURNAROIUND QLct.C r

CHAN. Nu A] CLOO TiMPERATokRE RISE TIM1 TLMeAREA1LK-
( 6A r) (LG F) (DEG F) (S

0
CONOS) (U2 H)

2A
4C
11

2A

2A
5:
2D

30
4B
5)
1D

2A
2D
36
3C

3-
3-
4-
5-

5-
6-
6-
b-

6-
6-

5-
5-
6-
6-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

7
12

3E 6- 6
4C 6- 6
5C 6- 6
30 6- 7

3C 6- 8
4A 6- 8
1 7- 0
23 7- 0

3D 7- 0
58 7- 0
2a 7- 6
2 :7- 6

2E 7- 6
34 7- 6
38 7- 6
4B 7- 6

5C 7- 6
1C 6- 0
2E 8- 0
30 8- 0

14
33
34

5c

5t
5t

54
b2
63
o0

7C
73
7 b

65

93
95

11c

113
117
12C
121

i23
124
125
1.21

132
133
13t

1s8

1"4
145
142

14t
153
155
151

ici
104

171
172

6A Lo

i C.
12t1.
131d.
i51i.

i537.
1411.

1462.

14q2.
1542.
1447.

14tc.

15C0.
15,13.
15A5.

147C.
1575.
1527.

14t 3t.
1561.

143i.
1439.

15 16.
1376.
14 43.
144•7.

i241.
1440.
15SIC.

14t O.

142i.
1274.
112t.
1342.

1210.
1312.
1C4C.

z C3.
1117.
1115.
1007.

10 t b.

063.

7c.T CCR
1iŽMIIR

1361.
1392.
1573.
1858.

1543.
1803.
1796.
1745.

1925.
1804.
1739.
1751.

1765.
1819.
1866.

194°.

1811.
1901.
1807.
1933.

1966.
1762.
174C.
1755.

17d 8.
1b30.
1d04.
1633.

1544 .
1719.
1647.
1614.

1759.
10)71 o

1513.
1793.

1547.
1701.
1503.
1287.

1701.
loll.
1513o
1498.

1559.
1172.
1422.
1220o

181.
131.
195.
339.

306.
352.
307.
283.

432.
267.

261.,
292.

305.
299.
335.
403.

342.
326.
280.
370.

385.
328.
301.
267.

271.
253.
362.
385.

353.
279.
342.
349.

330.
398.
377.
445.

337.
389.
413.
304.

497.
414.
398.
491.

493.
509.
517.
468.

342.
492.

42.5
37.5
49.0
75. 5

73.0
99.5
89.5

106.0

94,5
72.0
93.0
9.O0

Q1.0
02.5
79.0
q6.0

113.0
q2.0

106.0
91 . 5

93.0
106.0

5Q.0
49.0

47.5
51.5
74.5
74.5

57.5
59.0
61.5
73.5

04. 0
90.5
94.0
01.5

67.0
92.0
78.0
71.0

92.0
66.0
99.0

111.0

112.0
1q3.0
142.0
137.0

161.0
152.0

045.

'447.

'12.
274.
751.
S7'..

c37.
7.,ý

4.

cl.

7Gc,*00£.

t27.
7L4.

747.
iCl.
04,.

t2z,

7Lý.

b it.

76u.

73L.

742.
c 63.

72,.

t2L,
t~T.

5t4.

1,31.

I C . t1C3.t2

2,,o. 7

3C6. c
643.L
3cl.•
31 5.

729..C

345.-
424.t

315.
3.4. 4
411.t

416.6

4C2. C
41b. t
42o. 7

416.t

474.C
4,e. 3

453.t
412.t
44;2. C
, cO4.

474.C

528.C
517.S
5C7.4

529.
532.t
554. C
5k4.C

537.4

5ýo. 4
549. C

'706.*0
555.4
5SI.C

536.I

553.C
544.4

58 8-
5C 8-
IC 8-
10 8-

2C 8-
48 6-
5D 8-
30 9-

4C 9-
1010-
4810-
5010-

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

879.
1192.

U C J L P L E D A T A

K-481



kUN 42006F HEATER ROD STATISTICAL DATA

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
90

102
111
120

4 1132
0o 13d
rQ

INITIAL 1kIM (DOG F)

MAX MLI REAN
738.2 6al.b 110.0
909.5 909.5 909.5
12O.0 il.57.6 1199.t
1445.0 1337.0 13ý5.5
1519.4 1452.5 1475.5
1600.4 15G0.4 1558.9
1607.0 1400.1 1466.6
1559.# i510.S 1538.2
1464.6 1373.6 1419.2
1450.3 136).1 1415.2
148d.S 138.1 145.ot
149d.5 £3S6.9 1452.0
1542.1 1411.0 1480.6
1552.S i456.S 14.7.6
1574.5 1452.5 1512.1
157Z.3 1444.7 1512.2
1581.0 1433.5 1501.7
1493.5 1493.5 14S3.5
1521.8 1376.2 1457.5
1499.t 1241.2 1411.3
1379.3 1136.1 1289.7
1216.9 067.7 1113.9
.066.4 871.5 S72.8
904.S 663.2 tcO.6
699.7 463.7 549.0
633.7 60j.7 619.7

MAX TEMP (DEG F) TURN,6ROUoL TIML (5LC)

MAX
749.3
943.9

1391.8
1634.1
1857.6
1951.0
1956,7
1930.4
1887.0
1821.4
1883.6
1916.6
1,24i 6
1i88. 1
1448.7
1932.7
1965.9
1837.2
1816.9
1876.8
1840.6
1700.6
1559.2
1431.2
1192. C
1145.3

MIN MEAN
696.2 722.!
943.9 943.9

1325.7 1359.6
1525.7 1569.8
1717.4 1773.4
1825.9 1875.0
1670.1 1775.4
1875.7 1903.0
1739.7 1813.3
1751.9 1786.6
1734.1 1818.6
1725.2 1801.7
1724.6 1804.6
1743.0 1809.0
1747.5 1824.0
1741.9 1836.8
1762.0 1866.9
1837.2 1837.2
1629.7 1742.0
1593.8 1762.2
1512.8 1695.9
1229.6 1521.1
1270.3 1402.2
1172.3 1300.6
752.4 935.6
952.2 1048.7

MAX
6.0

14.0
42.5
53.0
92.5
92.5
105.0

89.0
104.0
113.0
112.0
114.0
111.0
111.0
113.0
135.0
106.0
102.0

71.0
94.0

103.0
99.,I

152.0
193.0
161.0
164.0

5.0
14.0
37.5
4 .5
7z.,

co .5
95.5

93.5
04.0
bl.5
72.0

7 S. C;7i.L

53.5
;2.5

51.5

6t.,O

7'.5
115.0
124.U
1 5c. 0

?EhAK
5.5

14. C
40.6
49.4
bo.0
77.3
91.1

99.*

iC3. 3
94.3

*9•.

9t.C
;0.0

1C2.C
55.7

7C.E

142.3
147.3
ItI. c

TEIMIP K.S (tU1G F) QUENCH TEAP (DEG F) OUc:N6,H 1111L (SLL)

ELEV
12
24
39
4b
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
120
132
138

MAX
14.4
34.4

160.9

19i.3
338.2
350.6
349.7
371 .C
422.4
371.6
403.3
439.2
432.2
395.5
403.4
377.7
364.S
343.7
308.7
399.b
461.3
497.3
498.9
530.(
492.3
511.6

MIN
11.1
34.4

131.0
165.2
264.S
242.1
244,.7
350.b
36b5.
371.1
351.9
k77.C
238.1
273.2
26:.1
284. 1
32o.5
343.7
253.5
27o.9
337.0
304.1
349. 3
467.9
288. 7
34b.5

PEAN
12.7
34.4

lco.0
184.3
2S7.9
316.1
300.6
364.9

19-4.1
371.4

363.9
349.c
324.1
311.4
-11.9
324.6
305.2
343.7
284.5
3.50.9

4C18.0
429.4
'CO.0

429.1

MAX
679.1
773.1
918.3
948.8
946.6

1028.2
935.3
973.1
264.0

1117. e
876.0

1446.S
1129.8
1103.3
1106.1
1059.7
942.4
889.3
845.0
921.8
863.1
755.1
731.0
721.6
582.1
5o6 . 5

MIN
642.9
773.1
894.9
693.0
806.1
911.7
249.0
282.3
244.7
272.6
231.8
231.8
240.4
553.6
491.5
784.2
803.0
889.3
706.8
771.4
642.2
595.6
522.6
620.5
492.9
553.4

MEAN
661.0
773.1
904.1
960.4
861.5
974.6
607.6
627.7
254.3
695.2
390.7
597.5
633.3
832.5
877.2
888.8
874.9
889.3
762.0
839.5
787.15
658.3
655.8
668.4
542.6
569.9

MAX
16.8
44.9

109.9
159.8
260.8
320.6
688.0
645.0
698.0
668.0
726.0
728.0
729.0
437.0
436.9
447.4
448.6
421.7
475.1
502.8
532.8
561.0
582.0
591.0
594.9
603.3

Plb
1t.2
44.9

103. L
14o.7
3(4 t. 7

32;.6
34-.7

352.6

383.1
30b.4
355.o
31'.6
330.4*
3 3 .,47

390.6
3 r, . 6
421.7
432.5
4 6 t. 7

503.2
523.0
497.3
53t.7
321.9
564.0

MEAN

44.9
107.2
154.1

312.5
505.1
,.S5.3
cE5.5

510.4

476.5
5L7.1
391.9

419.6
42b.6
421.7
457. C
467.b
519.1
546.5
550.6
569.3

t01.0
593.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42207A

Test Date: 3/26/80

Test Type: Forced Reflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

872 0 C (1601 0 F), 3C 1.96 m

(77 in.)

2.3 kw/m (0.70 kw/ft)

28.2 mm/sec (1.11 in./sec)

52 0 C (125°F)

222 0 C (219 0 C - 224 0 C)

[431oF (426 0F - 435°F)]

31.62 mm (1.245 in.)

B. Summary Results:

C. Comments:

This test was conducted with a "cold" housing.

Inlet mass flow:

Total power:

approximately 3% increase between 35 and 200 seconds(a)

linearly increasing from 0% to -1.2% by 370 seconds(a)

a. Relative to specified conditions

K-483



RODELEV

FLECHT SEA4ET 21 iJ 8UNDLE TEST SERIES
RKJ. NJrtoER42207A

TINITIAL MAXIhdM TEMPERATUXE TUR4AROJ4D QUENCH
CHA4. NO AT FLOOD TEMPERA1URE RItE TIME TEMPkEATURE

(DEG F) (DEG F) (JEG F) (SEO04DS) tDEG F)

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

5
5
6
6

0
6
0
0

3Z 6-
3E 6-
3C 6-
4A 6-

3 n 8-
5C 6-
IC 7-
23 7-

3D 7-
59 7-
2B 7-
2^ 7-

2E 7-
3A 7-
33 7-
43 7-

5C 7-
iC 8-
21 8-
4C 6-

53 8-
5 8-
1 C i -

2. 8-
48 9-
5D 9-
3D 1)-

4C 9-
1010-
4ý10-
5010-

0
0
6
6

9
11
14
17

21
50
53
58

61
63
68
69

70
75
79
84

85
86
95
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168
170
172

1108.
1196.
1296.
1326.

1365.
1377.
1554.
1587.

14683.
1368.
1542.
1403.

1380.
1585.
1556.
1556.

1601.
1486.
1587.
1365.

1300.
1466.
1393.
1400.

1460.
1287.
1414.
1439.

1290.
1292.
1446.
1402.

1256.
1251.

942.
1571.

1158.
1142.
1118.
1040.

1158.
1125o

996.
1034.

1036.
757.
846.
792.

625.
680.
491.

1201.
1284.
1411.
1550.

1 72.
1652.
1797.
1828.

1675.
1051.
1794.
1693.

1664.
1643.
1824.
1808.

1868.
1723.
1800.
1659.

1595.
1655.
1594.
1597.

1663.
1544.
164J.-
1084.

1520.
1530.
1703.
1672.

1497.
1519.
1076.
1840.

1508.
1419.
1364.
1230.

1436.
1417.
1307.
1333.

1317.
1049.
1141.
1u51.

7.56.
924.
792.

94.
88.

115.
223.

207.
275.
243.
241.

191.
282.
252.
290.

284.
258.
267.
251.

267.
237.
272.
294.

295.
189.
200.
197.

202.
257.
226.
246.

234C.
238.
257.
271.

240.
268.
234.
269.

351.
278.
246.
140.

279.
292.
311.
299.

282.
292.
24 5.
259.

131.
244.
331.

24.0
24.0
26.5
54.5

56.0
60.0
41.0
42.0

39.5
75.0
53.5
66.5

71.0
55.0
53.5
53.5

53.5
54.5
53.5
72. 5

68.0
40.5
39.5
26.5

27.5
59.0
41.5
41.5

42.5
53.5
41.0
314.15

64.5
65.5
58.5
55.0

98.0
30.0
41.5
41.5

40.5
41.5
69.0
79.5

66.0
98.5
79.0
77..5

69.5
92.5

119.10

881.
893.
866.
884.

864.
928.
961.
987.

946.
921.
858.
833.

905.
1018.

970.
945.

917.
964.
922.
940.

844.
908.
709.
693.

735.
b09.
779.
839.

721.
758.
793.
742.

737.
780.
639.
955.

801.
710.
592.
555.

707.
622.
578.
674.

663.
696.
608.
467.

628.
278.
646.

JUENCH
TIME

(SECONDS)

74.7
74.3

118.6
174.7

208.6
252.9
247.6
248.8

242.8
261.8
269.8
264.7

269.3
258.3
276.0
269.8

273.6
268.9
279.8
27o.8

340.8
272.8
308.0
303.9

299.0
302.0
318.9
310.0

314.0
329.2
310.0
329.0

318.0
349.5
362.0
277.7

330.8
341.9
369.0
362.9

350.9
377.0
380.0
374.0

374.0
348.0
394.0
373.4

229.4
389.0
278.5

6
6
6
6

6
0
1
6

0
0
6
6

6
6
6
3

3
0
0
0

2&11- 0
4:11- 0
1011- 6
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RUN 42207A HEATER ROD STATISTI.AL DkTA

MAX TEK? (OEG F)1iITIAL TEMP (DEG F) TJR4ARUUNJ tiAE (SEC)

00
U,

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77

84
90

1 02
1 11
120

132
138

FLEV
12
24
39
18

67
70
71
72
74
75
76
77
78
f4

90
Q6

1 C2
111

120
132
139

4AX M1N MEAN
666.2 615.1 632.5
834.4 747.2 79C.0

1195.7 1065.0 11Z2.8
1326.2 1193.1 1260.4
1489.1 1281.2 1357.1
1557.6 1365.0 1416.2
1593.8 1397.5 1498.2
1595.4 1381.8 1504.0
1500.8 1380.7 1492.9
1593.8 1376.5 1508.8
1594.3 1368.2 1504.6
1598.1 1360.8 1492.3
1500.9 1365.5 1502.4
1587.3 1365.0 1482.7
1460.1 1214.4 1348.8
1445.7 1256.2 1359.2
1317.8 942.3 1207.1
1158.3 995.9 1078.7
1149.2 916.0 993.1
863.3 756.5 814.0
680.4 624.6 643.6
567.3 491.0 606.6

TEMP RISE (DEG F)

f4AX MIN MEAN
11.1 10.5 10.8
35.3 31.6 33.2
99.0 88.2 93.6

134.7 115.0 123.8
223.3 193.0 208.2
217.3 199.9 208.0
238.0 209.3 222.7
255.6 205.1 232.0
245.6 162.9 218.7
276.7 191.3 241.8
290.2 227.8 258.2
294.0 156.8 255.0
310.0 236.5 272.3
31C.4 188.8 268.8
257.1 192.5 217.5
270.6 219.3 242.3
350.6 234.0 289.1
310.9 189.9 263.0
299.0 176.8 248.0
358.6 237.0 286.5
243.8 130.9 168.2
300.9 167.2 229.6

MAX M1N MEAN
677.3 625.7 643.3
867.5 782.6 823.2

1283.9 1164.0 1216.4
1450.5 1327.8 1384.2
1682.1 1504.1 1565.3
1757.5 1572.2 1624.2
1823.7 1622.1 1720.9
1833.8 1629.7 1736.0
1844.0 1589.5 1711.6
184Z.9 1605.8 1750.7
1851.9 1650.5 1762.8
1859.8 1596.0 1747.3
1867.8 1675.5 1774.7
1859.8 1654.8 1751.5
1662.5 1451.6 1566.3
1702.9 1496.6 1601.5
1611.2 1176.4 1496.2
1437.7 1229.6 1341.7
1408. 7 1105.8 1241.0
1188.9 1021-4 1100.5

924.3 755.5 811.7
907.8 791.9 836.2

QiJt(H TEMP (DEG F)

MAX MIN MEAN
628.1 591.5 603.8
749.2 708.6 722.5
893.1 820.9 865.1
958.5 865.9 904.7
951.7 884.3 912.5
953.b 863.9 898.5

1005.4 912.8 94d.4
1040.4 861.7 939.3
1039.5 859.8 928.3
1022.4 832.0 937.8
993.7 833.5 922.5

1017.8 818.7 928.f
964.2 825.7 909.2
989.9 867.2 930.4
759.9 621.6 686.8
668.5 721.3 786.4
877.9 639.3 779.5
707.2 555.0 613.3
816.7 483.9 b55.7
826.7 466.8 653.0
627.6 278.0 532.1
646.3 493.6 572.0

MAX
4.5

12.0
24.5
38.5
54.5
56.0
58.5
54.5
54.5
60.0
75.0
77.5
83.5
77.5
69.0
73.5
98.0
69.0
79.5
98.5
82.5

1.19.3

MIN
4.0

10.5
24.0
26.0
40.5
39.0
39.0
39.j
38.5
39.5
41.0
35.5
53.5
40.5
26.5
40.5
53.5
40.5
51.5
73.0
69.5
90.5

MEAN
4.4

11.4
24.2
29.5
49.4
47.5
47.0
45.1
45.2
50.1
56.6
58.4
61.4
60.3
40.3
50.6
73.8
47.3
65.9
90.2

74.6
101.8

QUENCH TIME (SEC)

4AX A Lt MEAN
120. 10.3 11.2
32.8 26.9 29.0
76.9 74.3 75.3

118.6 103.0 109.8
174.7 160.0 1b8,4
209.6 197.b 204.3
24.9 215.9 223.7
236.8 221.9 229.8
244.7 226.6 235.4
263.8 241.9 248.6
269.8 248.9 259.9
269.3 256.8 2b2.6
282.5 262.7 273.1
281.8 272.7 276.9
313.0 297.5 304.5

329.2 310.0 319.0
3562.0 328.0 343.1
380.0 350.9 364.5
385.0 302.0 353.9
396.0 281.7 359.4
33?.0 192.9 272.1
338.0 246.4 322.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42108A

Test Date: 3/26/80

Test Type: Forced Reflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.269 MPa (39.0 psia)

872 0 C (1601 0 F), 3C 1.83 m

(72 in.)

2.3 kw/m (0.70 kw/ft)

39.4 mm/sec (1.55 in./sec)

52 0 C (125 0 F)

2210 C (217 0 C - 222 0 C)

[429 0 F (423°F - 432°F)]

41.10 mm (1.618 in.)

B. Summary Results:

C. Comments:

This test was conducted with a "cold" housing.

Inlet mass flow: approximately 1.3% decrease for first 60 seconds(a)

a. Relative to specified conditions

K-486



FLý-IT SSA.ET 21 RjJ 3uO40LE TE.-T

T AI 1TIAL iAý n A MA AP t m T u.(

A N40 AFLCO) TErAP CRA uRE ASE
(DEG F) M03s F) (jEG F)

TJ.R. AR 09J) •UEikH
T[14 TEf0P(EATG E

2A
40
IC

2 A

2k

10
20

5C
10
48
50

2A
35
30
20

3C

31

30

31
53
25
2C

2 E

3A
43

3-
3-
4-
5-

5-
6-
5-
6-

3

0
0

7

2

9

14
17

21
50
53
53

63
58
64

70
75
79
34

2
3
3
3

4
4
6ý

5-
5-
5-

5

5

5

7-
5-
7-
7-

7-
7-
7-
7-

7-
7-
7-

0

0

0

S
S

S

S

5C 7-
1 ̂  3-
2E 8-
4C 5-

5C 3-

1 1 9-

IC 3-

2 C-
43 3
50 9-
30n 9-

4 C 9-
1D 10-
4SIO-
5D10-

6

0
S
S

115
110
111

115
117
120
127

131
133
136

128
139
141
132

143

139

148
154

156
161
164
167

163
170

172

1092.
1171
1303
1312.

1382.
1393.
1558.
1 588 .

1480.
1383.
1 541,.
1405.

1390.
15b7.
1 552.
1559.

1500.

1490.
1 534
1 37C.

1302
14t4.
1412 .
1407.

1470.
1 2q4 .
1422.
1449.

1 30C

1 457.
14 14.

1265.
1255.

945 .
1567.

1152.
1146.
1115.-
1035.

1158.
111 ;
1008.
1038.

1039.
750.
843.
78q.

522.
682.
443.

1230.
1381.

1473.

1577.
1717.
1743.

lo07.
Ij72.
1700.
1. 030.

Ij68.
17 'o.

1727.
1.7 22.

1 7 ZZ.
i766.

I o 4z.
1.7 55.

1 560.

1130.
15 o1.

i587.
1439.
i 50o.
1603.

1441.

1617.
1573.

1401.
1423.
1083.
i 73a.

1381.
i314.
1270.
11 4,.

1334.
i 3 04.
ilSZ.

1213.

.2065.
938.

1u24.
979.

707.

58.
59.
78.

ibl.

122.
183.
159.
155.

I2 7.
I19.
158.

178.
IbO.
175.
1.3.

lob.
152.
i.71.
190.

179.
122.
118.

Q94.

U17,
144.

154.

i41.

159.

136.

167.
i38.
1o9.

21.9.
168.
154.
114.

176.

185.
174.
175.

1.57.
187.
1.2.
190.

78.
135.
263.

15.5
15.5
23.0
39.0

36.0
40.5
24.0
23.5

24.0
40.5
38.0
jO0. 5

41. 11)
?24. 0

'4.5

34.0
-4. 0

24.0
39.0

43.0

39.5
24. 1
23.0
10.5

23.0
?4.5
?3. 5
? 4.0

'4.5
?4.0
?3.5
34.0

39.0
39.0
39.0
37.5

53.0
40.5
24.0
24.5

23.5
24.0
38.0
39.0

40.0
59.0
56.5
50.0

40.0
57.5
39.5

do5,
835.
845.
557.

627.
377.
909.
9s2.

810.

9;87.

927.
91.2.
923.
571.

843.
1&J9.

o91.

708.

o52.
7Th.
792.

7;0.

74d.
715.

727.
775.
540.
939.

•i3.
723.
5o0.

54.)

702.
03.

592.

526.
079.
644.
572.

637.
460.
53•.

JJENCH

01.2
64.6
98.5

139.d

160.4
183.9
186.a
187.0

185.7

204. 7
198.1

193.7
192.0
205.0
199 . 0

203.d
200.2
209.0
199.0

259.1
16 5. 7
235.0
229.1

225.0
216.0
242 2.5
234. 3

235. 7

234.0
255.0

238.0

267.0

20b.1

239.0
25b.9
288.0
272.9

259.1
293.9
293.0
289.0

293.0
247.9
284.0
267.0

I17.8
257.0
197.7

S
S

3
3

3
0
0
0

?All- 04:11- 0
4011- 6

K-487



RUN 
4 2 1

08A HEATER KOD STATISTiCAL DATA

MIAA TEmP (DEG F)INITIAL TEMP ()EG F) TJRNAROUNO TIME (SEC)

IN
1p

4mo
00

ELEV
12
24
39
48
b0
67
70
71
14
•-74
75
76
77

A4
00
96

102
ill
1-0
1 :2
133

ELEv
12
74
39
48
60

67
70
71
72
14
75
76
77
78
q4
90)

I C2
ill
120
132
138

MAX
644.9
844.2

1170.9
1323.3
1457.9
1557.4
1594.8
1595.9
1601. 3
1595.2
1594.8
1599.2
1600.2
1584.4
1470.1
1457.3
1319.7
1158. 1
1144. 3

361 . 8
D32.4
567 7

MIN
593.6
753.3

1D37.8
1196.9
1263.7
1363.8
1396.7
1393.2
1382.0
1393.2
1383.1
1356.9
1374.3
1356.9
1215.3
1.264.8

945.4
1000.3

917.2
750.2
621.7
443.4

MEAN
612.4
798.2

1100.2
1260.4
1333.7
1422.1
1505.3
1510.2
1498.7
1513.0
1509.1
1494.8
1505.1
1482.1
1357.1
1368.4
1203.2
1074.8
995.0
809.8
643.8
690.4

MAX
653.1
865,4

122.-6
1401.2
1598. I
io86. 5
1743.0
i748. 6
1756.4
1753e 1
1756.4
1763.1
176,. 4
1755.3
1588.4
1616. 7
1500.4

334 . 1
i 304 - 0
lt49.0

817.8
799. 2

MI N
602.5
776.3

1099.5
1283.9
1426.9
1503.0
L5 34. 4
1547.3
1521.4
1537.6
1572.2
1547.3

Ij5b.0
1365.b
1401.2
108•.0

114;.4
104?.0

937.7
o99.4
70o.7

MEAN
b20.9
819.6

1159.9
1342.5
1484.2
1553.7
164b.0
1659.7
1638.b
1669.3
1675.9
1659.1
1661.0o
1t56.5
1485.4
1515.3
1380.0
1238.6
1144 . ts

993.4
743.0
751.4

4AX
3.5
7.0

18.0
23.0
39.0
36.0
36.0
39.0
39.0
40.5
40.5
43.0
44.0
44.5
24.5
40.0
59.0
38.0
40.5
60.0
57.5
83.5

AIN
3.5

1,.5
21.0
24.0
23.5
23.5
23.5
23.0
23.5
24.0
22.5
24.0
24.0
10.5
23.2
25.0
23.?
24.0
56.5
39.3
57.5

MEAN
3.5
6.5

16.3
22.4
31.4
27.4
26.0
26.0
26.8
29.1
30.9
30.1
33.b
35.2
22.3
26.6
40.0
25.7
37.7
.58.2
46.0
67.4

TEMP k15E (CEG F) QUEN6.H TEIP (DEG F) QUENCH rlAE (.EZ)

8.9

23.0

61.7
87.0

153 . 2
139.2
14• . 2
161 .6
155.0
135.9

15. 1
193.7
210.9
149.1
150.3
159.4
219.3
193.5

175.1
222 . 5
135.4
?53.3

Mi 14
6.1

20.?
58.5
77.9

137.4
122.1
133.1
132.9
107.5
126 . •
144.

108.9
151.9
IZZ.2

93.6
134.0
137.6
114.3
116.0
164.6

77.7
100.3

MEAN
6.5

21.4
59.o
82.1

150.5
131.7
14C. 7
149.5
139.8
156.3
166.8
164.3
176.5
174.4
128.3
146.8
1.76.3
164.0
149.8
183.6
99.2

161.0

MAA
5 4.9 4

737.7
866. 0
887.3
414.5
904.6
903.2
937. b
Y57.b
9bb. 4
952.9
986.6
978. I

180s. 5
737.0
842.7
b 50 . 9
710. 4
760 . )
756.3
637.0
633.9

MiN MEAN
j23.7 570.6
70o.0 714.9
777.6 6a6.0
816.3 853.3
150. 6 8 1.9
626.9 869.6
64o.9 080.0
76d.i 663.2
284.5 815.1
284.5 838.3
810.0 885.4
850.1 913.5
807.3 901.4
2s0.b 949.4
62ý,.8 683.9
699.5 759.9
625.6 763.7
580.2 631.3
4b6.1 637.1
577.2 641.6
454.5 583.3
282.3 518.1

1AX
9.5

27.8
66.3
98.5

134.*3
161.?
179.9
184.6
189.0
194.0
234.7
193.9
212.9
233.0
235.0
?555.3
273.2
?93.9
23 7.0
338.0
257.0

AIi
7.4

20.9

6,.2
88.5

130.0
153.7
16b.8
172.3
17% .i
183.0
188.4
189.7
196.0
185.7
216.0
234.0
239.0
256.0

215.9
193.7
117.8

MEAN
8.6

24,1
64.0
92.7

136.6
158.6
172.9
177.7
180.3
188.0
194.3

202.4
201.6
226.9

241.2
258.9
277.2
267.4
267.8
.85.7

281.0 194.4 231.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43208A

Test Date: 4/21/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.280 MPa (40.6 psia)

8730 C (1604 0 F), 3C 1.83 m

(72 in.)

2 kw/m (0.7 kw/ft)

38 mm/sec (1.5 in./sec)

50 0 C (122 0 F)

525 0 C (518 0 C - 529 0 C)
[977oF (9 650F - 984°F)]

32.41 mm (1.276 in.)

B. Summary Results:

C. Comments:

Total power: linearly increasing from +0.1% to -0.9% by 320 seconds(a)

a. Relative to specified conditions

K-489



ROD/ELiEV

FLzCC HT SEASET 21 ROD RUNDLE TrST SE4TES
ýUN NUMBEý3?20qA

IINITIAL MAXIMUM TaMDERATrJRr TURNAROUND QLENCH
klA 14. .(U At FLiuU tMETU tu RISE TIME TtMPKtAIuRj

(LEG r) tucg F) (OEG r) (SFCONDS) (i0 G F)

23
3A

ID
23
3)

5:
SD

46
50

33
3D
20

3-
3-

4 a

3)

IC

23

31
56
23
2:

34
33
43

I.:
5',

5 a
5C

1D-

2:

•5

5D

33

3-
3-

5-

3
3
6
0

7
2
2
2

b-

0-

3--

3--

3--

7-
7-
7-

7-
7-

7-
7-

7-

7-
7-
7-

?-

2
3
3
3

4.

4

6

5
5
5

6
0
0

0
0
6
6

6
6
6

0
C
6

0
0
6
6

6

3

3
0
0
0

11

14
17

21

33

o3
o0
6 C

70
75
7.

,.

'7

£313.
13'.

1573.

15L2.

'L5 .2 .
l4t',.

i;73.

ij3•
JC.~ 7

I•c7,

363.,

1160.
1220.
141i.
1467.

1633.
1656.
0750.
1792.

1665.
1643.
1746.
165l.

1647.
l302.
1775,
1772.

1517.
loll.
162 .
1654 .

85.
46.
q8.

141.

164.
18q.
186.
201.

163.
187.
205.
192.

187.
230.
241.
212.

240.
193.
247.

238.

19.0
17.0
25.5
31.5

39.0

43.5
36.5
36.5

35.5
38.5
5.5
40.0

53.0
53.0
53.5
41.0

53.5
53.0
54.0
65.0

627.

706.u34.
769.

v24.
931.
91C.

1035.

919.
94L.

oo7.
d63.

901.
102,.
960.

694.
917.
vS7.

I. IGIA L,

127

72

./3

.27

.3-

L28
131
.33
i 3o

136
139
14i
142

154

156
161
104
107

£08
170
172

11C3,

14%.7.
1401.

13ii.
T~ c A u

13 cý .

L2 84.
.£31.
k'Cl.

1123.

'.50.

642.

94,.

7S(8.
7C4.

535.
625.

QUENCHi

(SLEiJNU03*)

73.3
?ZS

I113.9s
166.6

200.7
241.1
230.8
235.S

235.9
249.5
247.4

259.3
251.S

258.t
246. 6

2 50.9;
266.4.
257.7
261.. t:

14o .
J L P L Z D

1559.
1504.

160 3.
1501.

J U P L 6 0
1575.

1431.
1500.
1620.
1605 .

1451.
1411.
1091.
1782.

1461.
1352.
1207.
1000.

1264.
1291.
1262.
1131.

1172.
add.

1013.
934.

667.
802.
616.

285.
A T A *

152.
142.

149,
172.

A T A*
207.

143.
184.
201.

211.

167.
280.
390.
241.

262.
229.
241.
251.

248.
206.
312.
339.

229.
291.
215.
229.

132.
177.
328.

66.5

29.0
17.5

18.0
39.5

30.0

2P.0
39.0
32.5
37.0

3q.5
65.0

118.0
58.0

69.5
67.5
43.5
59.5

34.5
29.5
71.5
87.5

59.0
96.5
69.0
87.5

69.0
71.5
107.0

696.

71..

7.L .
723.
7,t 5.

6762.
67b.

505.
001.

693.
62j.
550.
341.

743.
6Co.
603.
b22.

625.

414.
604.

614.
283.
283.

325.5

301.0
205.0

2o5.0
2b3.C

255.5

302.4
322.0
311. c
312.4

311. C
338.7
334.L
255.0

319.C
331.5
339. C
315.8

302.6
354.9
350.t
353.0

346.0
279.9
366.9
303.0

166.3
311.0
209.0

4C O-
4310-

5010-

2AI1- 0
4C11- 0
1)l1- 6
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KUN 43208A HEATER ROD STATISTICAL DATA

MAX TEMP ()EG F1it% T I#L I trkF ¢uE (-.f TURNAR.UUL TIME (EECI

ELEV
12

2.
34
4b

67
70
71
72
7,.
75
7o
77
76
8'.

Qo
104lve
11 ,
12u
132
13,

EL
12
2.
39

60
67
76
7 i

72
7'
75
7o
77
7,

9 J

i0•
102

132
13,

MAX
50o.t
840f 4

1154. 5
1328 . 7
1439.9
1569.4
1599 . 7
159'.. t
1004 .0
1590.7
i564 .
15 tl .0
1577 . L
1555.3
4453 . I
i41t, .
S2±9,'
i0± ,*

9D3. i
797.7
c25. 2
594,

534 *

±079.9

1225.4
131'. C

146o.9
14i1 .
14 7,t..2
145c) . U
14Oo.4
145:,. 7
144o.2
.0132 . I
1415.3

'ili",
lc11'. 330 .i.3

7,o . I

4Y'. . L
267 . 7

14b.5
b07.2

1099.5

1279.1
1355.5

1544.3

1 !45.1
1535. 7
1537.7
1 529.2
1 327 .3

4547.2
1182.2
13±7.*3

457. i

MAX
577.0
876.8

1220.2
1432.3
1564.6
1743.0
1744. 3
1811.2
1310.1
1796.6
1834.4
1810.1
1616.9
1602.2
1604.7
i11 C, .
1516.0
1314.2
1180.6
1031. 5
o02. 3
7w, . 0

MIN
546.0
807.5

1133.8
1355.1
1451.6
1633.0
1650.5
1635.2
1624.3
1610.1
1642.8
1647.2
1627.6
1653.7
1,14.1
1315.2
1091.3
1000.4

966.2
da8.2
664.7
616.2

MEAN
558.6
839.3

1177.9
1388.6
1490.0
1664.9
1721.9
1726.7
1709.5

1726.15
1730.5
1735.3
1728.4
1736.3
1534.14

1511.4
1408.5
1214.P
1090.3

967.5

734.3

MAX
5.5

12.0
19.0
37.5
32.5
38.0
38.0
39.5
42.5
46.5
58.5
58.0
58.5
65.0
39.5
53.0

11.0
71.5
87.5

115.0
94.5

107.0

4.5
11.0
17.0
24.0
i1.0
32.!
31.5
34.5
34.0
3.5,

3o.0
3b. 0
41.0
41.0

4 o. C;

410.
69.0•

5'1,0
70.0

MhAN
5.1

11.3
17.8
28.5
25.b
35.0
35.7
37.t
37.6
39.4
43.9
49. C
50.7
56.1
2±.C
37.4
00.6
47.4
60.3
bt.7
73.5
bý. 7

TOar K Lc WEG t) WUEhCH TEMP (DEG F) OQlJ4Cr I IM, (SECJ

37.9
t' 5 3

'.j0. t
i 42 *4
17± *

v4 b

21v S

ý 34. i
21u .2

22-. *5
239,9
2ý2.2

171 . S
21v. 4
3

vO. 0
32b.3
33z . b:
375. o
177.1
32-3 *5

27.4
b5 . 7

i47.11Ž' * 7
±' *j 3

lo'. I 1

1,,.3.L

zi~o. 6

147 *

141.7

13•.L

I t *.L

176.2

13± .
16±.'.

32.1
7t;.3

10o,7

17 7Ž . t

Li7.3
2017*7
27 * 7.
21b.5
,37 .0
152.2
11,41
271. 7
251 . 3

27o.2
1:; .4
241.7

MAX

566.5
774. 2
8t)4 . 5
922. 5
d54.2

924 .3
941 . 4
986. 5

I037 . o
1042.3

939.5
102 9 . 3
994.3
9Q6.8
767.9
930 . i
795. 7
74 2 . 6
721.2
b79c5
632.o
647.6

MIN
539.0
725.3
749.5
621.5
7J14. 1
698.5
620.2
621.5
778.5
C43.0
601.0
692.4
870.5
6l1.3

625.7
647.8
585.5
541.4
450.5
414.1
213.4
263.4

MEAN
549.9
742.1
813.5

653.,
762.4

892.4
891.0

919 .1?
911.8
995.5

953.P8
924.13
934.0
701.6
757.B
703.?
602.P
591.1
572.7
525.0
414.0

MAX

8.0

74.9
113.9Q
170.P
2D2.1

229.1
232.8
240.3
246.4
255.4
?59.3
266.4
271.7

301.0
322.0
338.7
354.9
363.0
366.9
311.0
326.0

r I",
7.0

72.9

161.9

212.62 UL.
2 12.±2 lb. a

23C.6
236.8

242.c
23o. c
255.0
2 t l. C
255.4
314.0

302.6
24,o. 0
ZOýC. v
166.3
144.0

MEAN
7.5

26.2
73.7

iCb.1

201.0
214. C

224.t
227. C
23o.o
247.1
24o.7
255.5
262.3
291.2
300.5
328.8
333. 1
325.0
321.8
213.6
246.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41808B

Test Date: 6/17/80

TestType: ForcedReflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

873 0 C (1603 0 F), 3C 1.96 m

(77 in.)

2.3 kw/m (0.70 kw/ft)

37.3 mm/sec (1.47 in./sec)

49 0 C (121 0 F)

537 0 C (534°C - 539 0 C)
[9990F (994 0F - 1003oF)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow: -1.5% to 120 seconds, sharp decrease to +1% at 140 seconds,

and linearly increasing to -2.5% by 300 seconds(a)

a. Relative to run 43208A
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RJOIELEV

FLcCHT SEASET 21 ROD BUNDLE TEST SERIES
RUN NUM BER41808B

TIlIIAL MAXIMUM TEMPERATURE TURNAROUND QL N,-i
CHAN. NU Al ILCUD T EPOERATURE RISE TIMF TLM#REATUkE

(tEG r) WuEG F) (LEG F) (SECONDS) W I

2A
4C
iC
24

3-
3-
4-
5-

3
3
0
0

2A 5- 7
10 6- 2
2) 6- 2

3) 6- 2

C,
11

14
17

21
5c
53
58

61
a3
o8
69

70
72
75
65

6-
6-
6-
5-

2
3
3
3

2A 5-
2D 6-
33 6-
3C 6-

3E t-
3. 6-
3D 6-
4 A 6-

5C 6-

IC 7-
28 7-

33 7-
53 7-
28 7-
2C 7-

2E 7-
34 7-
313 7-
4B 7-

5C 7-
IC 6-
2-Z d-
3) 8-

5B 3-

5C 3-

1a 8-

2C 3-
48 3-
5) 1-53 D -
34 9-

1310-
4310-
5 010-

4
4
4
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
b

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

98
101
±11C

115
1±1

120
121

122
123
124
127

126
131
133
13o

13i
13S
141
142

145
14a
154

156
i ol
1o4
io7

16d
170
172

11C4.
1227.
1317.
13•7.

1458.
1447.
151Y.
1546.

14,6.
14 46o
1532.

1439.
154b.
15t2.
1OC3.

14t4.
1563.
1545.
14G5.

1557.

1417.

150C.

14'1.
1457.

±241.
'L24 1 5.

!4,3.
14i4.

±4 30.

125'4.
1Ct3.
13•.5

12 i34.
1334.
10c2.

it 33.

9~7,

1 C i4.

713.

5 49.
6 t2.
3 13.

1169.
1301.
1406.
1537.

1624.
1594.
1673.
1659.

1645.
1598.
1682.
1646.

1610.
1713.
1724.
1775.

1634.
173 0.
1746.
162 5.

1754.
1644.
1543.
1611.

1649.
1443.
1624.
1642.

1456.
1603.
1647.
1647.

1597.
1485.
1311.
1536.

1472.
1539.
1266.
1041.

1368.
1455.
1200.
1194.

1255.
920.

1095.
991.

664.
829.
674.

85.
74.
89.

171.

167..
146.
155.
140.

149.
150.
150.
184.

171.1
167.
162.
173.

150.
197.
201.

217.

197.
157.
142.
134.

144.
133.1
173.
185.

215.
175.
194.
173.

161.
231.
248.
231.

198.
205.
204.
222.

210.
?19.
167.
237.

181.
315.
184.
279.

115.
167.
361.

22.0
19.0
20.5
45.5

42.5
38.0
35.0
22.0

33.5
38.5
35.0
53.5

15.0
37.5
35.0
37.3

36.3
38.0
38.0
71.0

33.0
39.0
22.0
19.5

21.5
22.0
32.5
32.0

40.5
34.5
33.5
35.5

39.5
51.5
51.0
42.0

45.5
57.0
35.0
64.0

33.0
40.5
25.0
59.5

45.5
96.5
59.5
9•.0

72.0
57.5

124.0

804.
801.

o6a.

917.

7G6.
647.

0 1, .
020.

6 -o 0.

: 7.

boc.

'014.
0±3.

c7c.

706.
t55.

72o.

760.

b4,.

74c.
773.
75Z.

742.

o74.

Cu'.

0b42.

t2c.

70L.
5 :,4.
c7,,.

634.
D72.

573.
577.

4',.:.

QULNIH
1IML
stcCoNus)

7,6.

76.3
II•,L

170.4

205.q
24b.'.
268.0
252*,

230.4
270.S
2oti.5

272.7
277. 4
276.;
272.1

206.6
276.C
270 . 9
2 9 . 7

27o. r
277.7
JC5.c

322 . 0

293.C

3 0 ý. C
337. C
346. C

331.1
316. 7
31t. s

323. 7

322.S

33o. C
34). C

3,ý1 . s

33b.6

3 45j. L
34D5 . Q

37 6 . C

360.5

3
7
40. L

375. C

3:3.0

3 24 . b

2%,q.

31: 5. C
33t.3

2411- 0
4C11- 0
1011- 6

K-493



kUm 41d08a HEATER RJO STATISTICAL DATA

MAX TEMP (DEG F)INITIAL IUiP (OL- F) TUJRNARULU• T1.1r (•,EL.

.j0
..O
-,.0

ELtV
12
24
39
4 b

60
67
70
71
72
74
75
7o
77
78
84
9u
90

102
ill
120
132
13d

ELtv
12
24
39
46
60
67
70
71
72
7,9
75
76
77
7d
84
90
96

102
111
120
132
13u

MAX
508.0
82'.. 2

1227.0
1370.3
14 to .9
1565. 6
1600. 2
1586 . 7
146 d. 5
1554.6
1587.9
1599.1
1602 . 7
I d2.9
1505.0
1473.9
1347.2
1235.3
1073.9
911 i.I
661.9
642. 3

4bi .5
757.4

±103.6
126o.6
1365 . I

1396 . 1
1437.1
i375.1,
1447 . 4
1447.6
i427.5
1422 . 1
ilLo . 2
136, .*1
1230.1
10o2.9

bb6t . 7
662.7

493 1 b
313.1

PEAh
489.9
!d2.8

1139.6
1307.2
139o.3
1 46i .6
1 07.6
1":1i7.5
L456.J
1519.0
1523.5
1514.7
1519.7
1'i;5).9
1444.3
1 3(4 . 8
12C0.2

950.6
472.8

MAX
519.4
355.1

1300.6
1476.2
1653.7
1718.5
1772.0
1770.9
1642.8
1699. 5
1737.4
1749.7
1775.4
1779.8
1649.4
1547.2
1563.6
1454.8
1254.6

1095.4
529.2
798. 2

MIN
496.9
789.8

1188.9
1359.3
1521.4
1618.8
1596.0
1586.3
1566.8
1593.8
1598.1
1610.1
1603.6
1625.4
1497.6
1455.9
1311.0
1 091.3

906b 8
920.2
647.8
673.1

MEAN
503.6
815.7

1225.9
1410.5
1568.0
1651.4
161 7.P
1682.9
1617.6
1662.1
1678.7
1677.7
1694. 5
1696.1
1585.7
1577.7
14V4.6
1279.5
1140.2
1010.R

704. 7
720.0

MAX
5.5

11.0
23.0
29.5
45.5
42.5
51.5
46.0
50.5
57.0
53.5
85.0
47.5
83.5
22.0
43.0
57.0
64.0
68.0
98.0
73.0

124.0

PIN
5.0

10. 0
19.0
21.0
35.0
34.0
31.0
35.0
34..0

22 .t
21.1L

3t.U
3-1.0
19.•

31.0
30.u
25.0
32.5

59.

MEA
5.1

21.0
23.C

* .9

3o . :;
4C.3

37.4
30.5
34.2
36.t
43.0
3o. 4
50.7
21.5
36.2
4J..
3c.4
50.2
ol.4
60o.5
)3.e

TEFF k15i (WcG F; 4UENCH TEMP (DEG F) OU, r4C H I I A. ( ýý EC )

MAX
15.4
3o.*3
94.*4

126.2
186 . 1
179.5
217.C
lo5.4
191.7
185.0
183 .
190. 3
169.8
218 . 4
152.3
234.3
246. I
221 .
244.1
356.7
l16 . 7
361.0

11.4
29 .*
73.()

66 . 7
1!)6 . 3
152.9

144 .4
149 .0139.0

139.6
132.o
142 .2

149 * 6
157 . 5
±32.*5

160.6
195 . 9
107.4
4b6.2
164.3
114.6
155.,,

PEAh
13.7
32.9
66.1

103.4
Iwo .6
165.d
180.3
loS .4
15v.6
152.5
155.2
Jt2.9
174.d
'C0.2

t1.4
12.9
21'..4

18d.7
i2o0.

147.2
247.2

1AX
507.4
723o 5
620.0
b58.5
948.7
951.3
916.0
989.6
953.5

1028.7
948.7
940.1
696.9
929.8
726.4
799.1
801.7
700.4
716.0
724.C
594.8
552.5

MIN
491.*4
682.9
792.4
284.5
860.8
837.8

835.8
630.2
606.7

675.3
775.4
710.9
808.6
655.1
612.1
674.0
553.7
283.4
557.8
572.7
3d6.6

MEAN
496.4
699.4
804.2
564.2
88 4.b
392.9
8$6.2

T17.13
872.6
351.4
832.2
9740,
848.3
864.4
689.15
714.7
740.0
618.2
588.A
633.5
581.7
492.2

MAX
8.1

30.0
78.8

118.0
170.4
210.9
224.6
258.4
238.8
306.0
303.7
293.0
312.0
301.0
322.0
346.0
353.0
376.0
380.6
395.0
315.0
356.8

PiN
0.11

zt.c
76.3

111.1,
161.7

19 4.0
21t.0
221.3
226.9
243.7
23u.4
25,.5
Ztb.c
271c.
293.0
303.(
321.9
34c.C
304.0
324.o
13t.2
2o6.3

MtAN
7.5

26.u
7o. C

113.4

i te . 4
202.*
22u. 7
231.7
232.0
259.6
2;9.5
2t9.t
L79. 7
281.7
30o.1

32 5.4'
337.9
360.5

j 51."s
306.3
256.9
316.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42008C

Test Date: 8/19/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

882 0 C (1620 0 F), 4C 1.70 m

(67 in.)

2.3 kw/m (0.69 kw/ft)

37.8 mm/sec (1.49 in./sec)

49 0 C (121°F)

514 0 C (504 0 C - 521 0 C)

[958oF (940oF - 969OF)]

29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

+1% increasing linearly to -2.5% by 140 seconds, and +1%

thereaf ter(a)

-0.25% constant(a)

a. Relative to run 43208A

K-495



FLO. HI SEASET 21 i00 BUNDLE TFST

RJD/ILEV
RUN

il If7IAL MAAXIAUM
CHAN. Nu AI F LLJC TrPPERATURE

(0tt I t (0tG H)

24 3-
4C 3-
10 4-
23 5-

24 5-

2 A 5-10 o-

30 6-

2A 6-

5 ý o-

33 b-

2) 6-
3C 6-

3E 6-
3Z 6-
3D 6-

445-

4 C o -

5C 6-
1 ^ I-

24 7-

33 7-
53 7-
28 7-
2C 7-

21 7-
34 7-
33 7-
4a 7-

5: 7-

21 3-

2 ý 31-

53 .1 -
5C 3-

44 •

10 •

13 -

43 4-

5413-
5)11-

3
3
0
0

7
2
2
2

2
2
3
3

4
4
5
5

6
6
6

6
6

0
C

0
0
6
6

9
11

14
i0

21
5c
53

aC

61
03

os

70
75
14

ot
±5

46

47

-18

± 10
ill

115
±17

122

123

127

£26

131
i33
136

i30

134
142

i43

j45

15'.)

101.
io4

167

loo
1 7C
172

12ti.
1313.
1414 ;.

1512.
14t2.
15 1C.
1566.

1556.

145.
1470.
1460.

1477.

1515.

1531.
1577.
£51.
14 5 (.

1425.

1463.

14tl.

13-2.
14±2.

14L3.

14Z7.
144;.

1444.

143 .
121d.

S15.
12c3.

1345.
1021.
7 t2 .

1113.

io1 4.1044.

IC43.
572.
bt4.
707.

5 Sd.

4tc.

1114.
1332.
14o1.
1591.

1672.
1564.
1599.
1642.

1671.
1621.
1598.
15o7.

1i612.
1713.
1o09.
1740.

1631.
1740.
1724.
1639.

1741.
lo0 3.
1557.
1568.

1574.
1499.
156 7.
1567.

1347.
1579.
1•11.
1601.

1575.
1441.
1302.
1506.

1380.
1519.
1249.
1054.

1332.
1323.
1222.
II6.

1206.
o55.

1058.
921.

704.
i22.
o91.

NUIBER4200qC
TEMPERATURE

RISE
(0DE F)

90.
70.
88.

182.

161.

103.
90.
75.

113.
136.
128.
127.

135.
123.
130.
145.

100.
163.
163.
179.

163.
127.
132.
110.1

113.
127.
155.
184.

304.
152.
162.
157.

145.
223.
387.
?24.

176.
175.
228.
302.'

219.
169.
178.,
240.

165.
284.
194.
215.

146.
16b.
225.

26.0
21.5
24.0
39.5

37.15
25.0
24.0
13.5

25.0
36.5
36.5
28.0

26.0
25.5
25.0
25.5

23. 5
26.0
33.5
45.5

35.5
26.0
23.5
13.5

17.5
23.5
25.0
36.5

50.10
26.5
25.5
25.5

26.0
48.5
72.0
47.5

3. 5
38.5
39.0
61.5

39.0
25.5
27.5
65.5

31.5
105.0

70.5
73.5

75.0
52.0
98.5

SERIES

TURNAROUND QLENCH
TIME TENPR EILkE
(SECINDS) Wc%± F)

853.
814.

907.
1(,4(,.

o67.

1C41,
IC04.

1075.
11?7.

1033.
7J3.
7CC,
OCOL.o9Ž,

742.
6. 13.

7bt.
10 o'

775.
745.
621.
694.

646.

66?.

75..

7,7.

074.

753.

o41.

75±.
0 64.

t;74.
621.
571.
607.

70C.
67b.
606.
5ol.

5t4.
746.
647.
713.

575.
40l0
54t.

QUENCH
TIME

(SEWONDS)

73.5
dl.C

116.9
167.S

2C3.t
Isb,9
205.t

269.4

213.6
235.1
207.6
2C9.8

211.3i
274. C
2 so. C
2t2.t

279.0

2t7.S
265.E
191.5

2±6.6

2v3. C
320.0
3o2.t

311.L

116.4ý
3C7.C

304.0
346. C
322. C
2dd.C

329.9
344.0
324.7
340.b

290.3
347.6
3: 8.C
319. C

338.9
337. C
311.1
3(;.3

3t3.4
297.0
362.1
2P3.7

259.6
329. 7
2±6. C

6
6
6
6

t
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

2411- 0
4C11- 0
111- 6

K-496



KUN 4200dC HEATER ROD STATISTICAL DATA

MAX TEMP (CEG F)INITIAL Tc1P tuEG F) TURNARUUNC TIME (SEC)

ELcV
12
24
39•

4o
60
67
70
71
72
74
75
7o
77
76

q0

102
1iI
120
132
13o

L
12
2'"
3',
4

o
60
67
70
71
72
7'.
75
7o
77
7 t

84
90

102
111
120

132
13b

AAA
034,t.1

1261 .*
1404 . 4
1423.2
1619.9
1596.1
1553.*
152o.6
15o0.i
1596.1

~oGO . 3
15V4.9
150do .
1473.C
14'.'.. 4
13o5. t
1123 .*
1042 . 6
067.5
654.1
024 . c

ni f,
56,.2

1104i . 7
i142.7

1497.o
.0 is * (
V£40'. *4
14O3.415 111. I

i4to .2
140o. C
1444. 1
1415.2
iL2Oo b
ý042 a

600J.4

57,L.0
46± .0
4#6, .0a

PEAS

ICA06.0
tEi .C

l162.7
1360.3
1415 Y~
,533.0
1539.0

1520.o

1524.i
1±36.2

1129.9
1525.2
I 402 . 7
1370.3

102d.1
937.3
750.0

!62.9
511.2

MAX
639.4

918.1
1332.C
1533.0
1634.1
1772. C
1779.8
1728.5
1688.6
1671.2
1715.1
1735 . 2
1739.7
1746b.4
1599. 2
loll.2
1554.9
1332. C
1218.1
1091. 3
622.0
785.7

MIN
571.6
844.7

1192.0
1440.9
1581.9
1635.2
1541.9
1618.8
1677.7
1550.6
1567.3
1593.8
1610.1
1605.8
1331.0
1 34b.7
1301.6
1054.2

932.6
855.1
615.2
653.1

E&AN
594.4
881.9
1241.1
1462.3
1602.e
1687.7
1707.8
1683.3
1683.1
1614.2
1649..9
1563.4
1673.0
1684.6
1532.7
1544.7
1461.6
1237.5
1129.3

?84.3
707.9
712.3

MAX
3.5
9.0

26.0
26.5
49.5
44.5
4q.5
38.5
38.5
25.0
36.5
38.5
48.0
48.0
36.5
53.0
7?.0
61.5
87.5

105.0
75.0
98.5

1.0

17.5
22.5
39.5
3(.0
27.5
29.U
37.0
12.5
17.0
21.C
23.5
25.5

13.5
24.5
35.5
25.5
31.5
31.5
52.0
7 1.5

MEAN
2.4
7.8

22.0
24.6
45.7

38.3
35.6
37.8
21.3
25.5
2b.5
32.1
35.9
23.3
31.4
43.9
37.9
50.9
72.9
t5.9
79.8

TEh- AA.SL (EG i ) QUENCH TEMP (DEG r) OUctiCA line (SEC)

MA A
7.5

25.*
90 . 4

116.2
210.4
173.6
1.5 . 4
174.7
173.7
113. c
142.4
135.i
173.3
190.6
157.1
303.9
386.5
.301 . 6
272.2
2o6. C
1o7 .r
Z77.3

Mi N.
3.2

15 ,!)
70.ý
do.3

ioo.7

132 . 2
12o.f
140.2
150 *9

67.C
74.S
9,v. *7

120 . I

122.2
174.6
1 o'. 0
157.6
172.3
134.2
i *i.1

5.6
23.0
76.4

102.0
lcc.3
154.6
160o.
153.6
1o2.3

69.2
113.o
121.3
143.1
150 . 4
13C.0
174.4
/11.7
£09.4
1'2.0
227.7
145.i
icl.0

I AX
596.7
729.6
852.6
5 C . 4
918.5
926.5
984.5
994.4

1048.0
1094.9
1127.5
1130.7
1081.5
1084.7

708.9
756.9
780.4
o99.8
706.7
746.2
575.0
575.6

MIN
562.6
710.2
769.2
851.1
838.0
824.7
688.2
794.0
671.2
556.4
637.2
t4a.8
700.4
678.3
608.0
627.9
607.9
570.5
501.6
494.7
405.7
283.4

MEAN
574.9
722.0

865.5
889.0
882.7
893.2
927.4
959.6
803.3
918.7
831.9
913.2
825.7
664.9
702.5
685.3
642.5
585.3
644.7
519.0
495.6

MkX

35.0
81.0

i17.0
175.8
213.6
234.6
229.9
235.8
311.0
287.3
314.0
290.0
319.0
334.9
346.0
358.0
350.0
383.9
381.0
329.7
306.0

t.3

73.5
114.7
163.9
20C. 1
220.o

221.3
22E.7
190.0
207.a
15t.5
220.7
191.j
27C.0
26C.c
290.3
311.1
26S.0

27C.5
203.0
121.6

MEAN
0.4

33.3
78.1

116.4
170.8
206.7
226.4
227.2
232.3
247.4
243.9
257.5
252.6
272.1
3C2.5
311.3
329.6
335.7
350.7
330.5
250.3
240.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41808D

Test Date: 10/14/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

880°C (16160 F), 3C 1.80 m

(71 in.)

2.3 kw/m (0.70 kw/ft)

37.8 mm/sec (1.49 in./sec)

52 0 C (126 0 F)

503°C (494 0 C - 511 0 C)
[9370F (921°F - 952°F)]

22 mm (0.85 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

midplane:

Inlet subcooling:

-0.5% increasing linearly to -2.5% by 120 seconds; decreased

to -0.5% thereafter(a)

-0.25% constant(a)

approximately -4%(a)

+9.5% decreasing to +3% by 150 seconds(a)

a. Relative to run 43208A

K-498



1LV.Crll SASET 21 ROD RJNDLE TEST SEPIES

RODIELEV
RUN

1I.hlTIAL MAXIMLM
CHAN. Ni Al FL.uO TiPPtPATURE

(0LE F) (oEG F)

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-

8-

3
3
0
0

7
2
2
2

3
3
3
4

4
5

5
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6

6
6
6
3

3

0
0
0

7

iC
13

1 C.

5(C
55
5S

61
66

7C

75
82
04
Cs:5

97
9 b

I.OC

101

103
Iic
111

115
117
i21
122

123

125
12k

129
132
134.t
137

13S
140
141
142

1*3
145
148
155

157
16C
163
166

167
169
1 7C

109i..
123G.
1328.

1417.

1482.
151.1
18',13.
15 2.

15 39.
1446.
1451ll.

15r3.
1413.
15 4.

1567.

1 4 t84ý.
1513.
1551.
1444.

155t.
1512.

I3C¢.

1412.

14]';i
132b.
14cc.
132;.

115;.

1421.

1408.
1141.
IC 15.
1267.

1249.
1317.

96o.

1022.
113,.

i 4.
ice.

9SU.

547.
617.
2t6.

1139.
1297.
1404.
1634.

1b43.
1679.
1697.
1660.

1608.
1685.
1594.
1653.

1741.
1590.
1679.
1740.

1564.
1761.
1722.
1647.

1743.
io5 5.
1491.
1577.

1567.
1461.
160 8.
1575.

1346.
15o2.
1616.
1591.

1566.
1429.
1348.
Is30.

1459.
150 6.
1290.
1200.

1291.
1327.
1288.
1199.

1204.
660.

1042.
916.

676.
805.
603.

NU,48ER41?08D
TEMPFRATURE

RISE
(DEG F)

90.
69.
80.

217.

161.

128.
185.
125.

167.
147.
148.
202.

141.
177.
144.
155.

130.
189.
171.
203.

135.
143.
161.
165.

147.
136.
208.
236.

187.
178.
137.
170.

158.
298.
273.
243.

210.
1P9.
304.
454.

269.
193.
314.
292.

222.
262.
223.
240.

129.
188.
315.

26.0
21.0
21.0
54. 5

41.0
21. 5
35.0
29.5

43.0
42.5
41.5
53.0

3?.0
52.0
32.0
41.0

40.0
4•2.5
43.0
55.5

44.5
43.0
42.5
31.0

23.0
31.0
43.5
43.0

57.0
43. 5
34.0
31.0

31.5
84.5
75.5
55.5

56.0
46.0
76.0
q6.0

53.5
42. 5
75.5
76.0

54.0
76.0
76.0
86.0

76.5
76.0

131.0

bol.
61 5.901..

o3t.

74c.
2b4.
c•92.

e 57.
1C14.

toIf'i.

TUDNQUOJ4DO 0U 64Lh
TIME TCS PRLN( u( E
(SECONDS) (OLL F)

910.
'.7.
752.
C,17.

973.j..

tit.

b7C,.
735.
71,.
74t.

761.

737.

7k a

701.

730,

t, 7L .

54Žý.
644,.
54.

521.
435.
76b.

QUENLF

TIME

15LU 0NO I-J

lo. 485.4
114., 9
lo4. k

2 25. t
20". -1
520.C
24(,.S

23b.4
272.7
233.7
253. k

267.
231. 7

3 at-

270.4
277.t
3Co. t315 *

2oo. 2
273.9
3(5.0

372.'.

3 33. 7
241.4
3t6.0
341. C

337.C
3.j4. L
341.L
339. C

322.L
357.9
3•5. C

340.0

37. C

3o4.0

355.7304. C

4C4. C
4CI.C
326.E
411.L
3•5.4

377..
30o. L

58 8-
5C 8-
iC 8-
10 8-

2C 9-
48 9-
5D 8-
3D 9-

4C 9-
1010-
4313-
5D10-

ZA11- 0
4C11- 0
1011- 6

K-499



kuN 41606D HEATtR RJD STATISTICAL DATA

MAX TEMP (DFG F)!INTIAL TLMP tOEG F] TURN !KJUNL IIft (I>L )

ELE9
12
24
39
46
60
67
70
71
72
74
75
76
77
7b
6,1
90
go

102
111
120
132
138

MAX
659.4

1229.6
1334*1
1519.2
1611.2
1623.2
1615.6
1604.7
1564.t
1543. C
1592.7
i6o5,2

1576.5
1446.2
i421. I
.357.2
1133. t

9d2. C
d1d.ý

b17.3
bob . a

605.7
823.C

132',.7
14C4 .
[461.*€

±'.50 .5

1435.5
i446 . 9

[450.5

145tj.!ý

1413.0
1435.
122o .4
ii5o.o
IC7i. 6
60!) . 4
o14.7

5 6t . 6
5471I
2o7.-I

t2t).4
t42.3

1141.2
1329' 4
1447.0

1531.0
1543.3

111Iv. *7
1497.7

1 295 . 7

1513.4

135o.1
1335.3
1i37.0
173.9
64Y.5
687.o
572.3
473.7

MAX
664.7
874.7

1297.4
1416.2
lb 1 .9
1758.6
1766.4
1746.4
1746.4
1729.t
1731.S
1750.E
1739.7
1765.3
1598.1
1615.6
1566.3
1326.8
1203.5
1041.8

095.4
777.4

MIN
612.0
845.8

1179.6
1404.4
1594.9
1641.7
1598.1
1604.7
1498.7
1578.7
1569.0
1610.1
1584.1
1647.2
1399.1
1345.6
1347.7
1024.3
953.2
660.3
669.9
602.5

632.0
863.0

1222.0
1410.3
1640.3
1681.0
16S2.2
1695.4
169 0.6
1665.2
1648.6
1691.7
1662.0
1701.5
1519.7
1514.3
1465.4
1236.7
1096.7

934.9
717.2
675.2

MAX
3.0
8.5

26.0
24.0
54.5
40.0

43.5
43.0
56.')
55.5
43.5
65.5
53.0
71.5
43.0
57.0
84.5
96.0
95.0
86.5

76.5
131.0

iih

'.5

21.0
21.0

44.:

2L.5
Z.5
Zt.5

29.5
3C.,ý

31.:,
23...
26.2
37.:

32.5
34.

74.0
74. t

PL Art
2.7
E.2

24.3
22. 5
IL, . 33ý.3

37.7
34,C
3b.3
351.1
37.1
43.6
43.4
46.*2
33.1

57.0
t3.2

bo. I
t7.2
',.0 . 5

Ln
0
0 Ttl'P AiSo (OEG Fj QUENCH TEMP (DEG F) OUýAcrl 11tt (ýkc)

EL Ev
12
24
39
48
60
67
70
71
72
74.
75
76
77
78
84
90
96

102
111
120
132
13b

MAAX
6.3

22 *

90.4
82.1

21b. 6
161.2
162.9
160.c
199.4
1,01.6
168. 9
202.1
221.3
264.0
190.6
236.C
26b.0
454.5
291.5
294.4
1*6.1
314 . e

mi h
5.3

16,*5

67.6
79.*7

172.7
147.4
143.2
118.6

135.L
119.3
i14.2
133.6
130.4
143.1
135 .5
137.5
171.5
142.3
134.3
20o.4
117.5
150.6

rEAN

5.6
20.7
eo,9
bC.9

193.3
153.4
151.2
142.0
152.1
145.4
150.9
160.1
160.3
160.1
361.0
179.i
226.4
262.6
1Q7.3
247.2
144.9
2Ci.5

MAX
606.9
699.7
815.1

870.9
919.1
892.4
947.8
944.1
910.4
968.8

1014.1
996.6
990.0
967.2
732.2
823.9
812.2
795.5
623.6
715.3
520.8
559.7

MIN
572.1
670.7
752.9
664.7
846.2
625.2
841.3
584.4
619.4
565.3
757.7
538.6
785.3
727.8
650.1
616.2
612.0
411.3
474.2
477.2
435.5
275.9

MEAN
589.8
597.7
789.6

867.8
883.1
R51.2
907.6
831.1
807.7
772.5
870.4
808.5
902.3
846.7
687.6
720.1
739.5
655.6
544.9
597.6
476.9
457.9

MAY
13.4
3P.8
88.9

123.7
185.9
228.4
245.9
277.0
280.0
350.0
295.9
353.0
301.8
300.0
372.9
386.0
400.0
3q9.0
428.0
411.0
377.9
361.0

114.9
104.6

22i.9
231.3
229.7

2 Cý. 621•..'

233.7
251.6

243.7
273.6
2 S1.4

316.1

2S1.7
255.9
30 .b
240.0

e. E ; t
11.2
37.6
67.6

119 . 3
1t5.5
226.C
236.7

251.5

273.7
260.7

274. 7
291.6
31. 1
331.1
359.5
363.6
37C.6
346.2
335.5
309.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41008E

Test Date: 12/2/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.281 MPa (40.8 psia)

873°C (1603 0 F), 4C 1.70 m

(67 in.)

2.3 kw/m (0.70 kw/ft)

37.8 mm/sec (1.49 in./sec)

49 0 C (120 0 F)

511 0 C (502 0 C - 518 0 C)

[952OF (935 0F - 965OF) ]

36.1 mm (1.42 in.)

B. Summary Results

C. Comments:

Inlet mass flow: 0% increasing linearly to -2% by 70 seconds and approximately

-0.5% thereafter with ±1% oscillations(a)

a. Relative to run 43208A

K-501



ROD/ELEV

FLtC•tT SEASET 21 ROD BUNDLE TEST
RUN NUMBER4l008E

IhNIIIAL. MAXIMUM TEMPFRATURF
CHAN. NU Al F L.OO T iEPPERATJRE RISE

(DEG F) (tuG F) (DEG F)

SER T ES

TURNAROUND gLchCH
TIMF TLMPRET1UkE
(SECONDS) (OEG F)

2A
4C
IC
2A

2A

5C
20
1D

30
4a
5C
50

ID
2A
2)
38

3C
4 :
3C
3E

30
4h
'C

28

30
5B
28
2C

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
5-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

9
1(c
12
Io

is

3t
39
47

50
52
54
55

58
51
61
63

12C2.
1275.
1361.
1524.

1524.
1426.
1505.
14t4.

1448.
1525.
1414.

14 14.
15 2.
15iC.

1285.
1340.
1488.
1709.

1671.
1581.
1617.
1585.

1654.
1642.
1o28.
1592.

1605.
1645.
1634.
1668.

83.
65.

107.
185.

147.
154.
112.
121.

206.
116.
154.
110.

133.
171.
112.
128.

72
75

o 3

a6
67
93
94

9
103
110
111

2'= 7- 6
3A 7- 6
33 7- 6
4a 7- 6

5C 7- 6
Ic a- 0
2E 3- 0

30 8- 0

113

115
120

58 5-
5C 3-
IC 8-
10 5-

2C 8-
40 8-

30 9-

4C )-
1DI0-
4310-
5010-

0
C

6
6

6
6
6
3

3
0
0
0

122
124
126
129

133
134
135
136

136
143
145
15C

152
157
164
166

l16

171

151.7.
1571.

TH E K M4 U
141S.

1518.
1441.
1405.
1457.

1459.
1395.
14Lt.
1435.

1231.

t451.

14i2.
1225.
IC 60.

1246.

1247.
12S8.
IC 35.

110.

1156.

.30.

1031.
6e2o

664.
646.

5116.
660.
3E0.

1711.
1722.

COL P LE 0
1630.

1694.
15908.
1524.
1561.

1579.
1510.
1568.
1578.

1402.
C U U P L E C

1373.
1611.

1566.
1421.
1288.
1459.

1407.
14d7.
1261.
1189.

1428.
1327.
1174.
1163.

1222.
913.

1044.
906.

672.
L4.

632.

154.
151.

A T A
151.

176.
157.
118.
105.

120.
115.
160.
143.

171.
A T A

208.
160.

143.
196.
220.
213.

160.
19.
226.
224.

248.
171.
215.
227.

191.
231.
180.
210.

114.
154.
252.

'1.0
18.0
31.5
41.0

32.5
38.0
20.0
38.5

39.0
32.0
35.0
32.5

41.0
47.5
31.5
31.5

34.0
32.5

40.0

41.0
41.0
20.0
17.5

17.5
20.5
31.0
24.5

34.0

38.0
32.5

32.5
42.0
58.5
44.0

36.5
41.5
44.5
56.5

54.0
32.5
7q.5
55.5

54.5
92.0
62.0
88.0

75.5
75.5
q2.5

020.
020.

90C.
'014.

845.

111b.
714.

96ý.

2!)2.
74L.

266.
o63.

101Q.
b72.
746.
7C4.

b94.

024.

614.
79(.
753.
747.

732.
034.
77 o.
973.

731,.

691.
o57.

cl,
777.
713.
7b 7.

724.

041.

709.
b54.
C30.

633.
508.

71Z.

539.
500.
535.

204.9
lt8,2

243.C

253.3
2ýo,3

244. C
25d.9

272.C
20t. a
279. C
217.2

290.9

313.d
258.0

257.C
2S7.,
307.C
3ý.1. C

273.7
276.,
321.!
316.3

208.1

3 13 . 9
31. 9
330.2

32d5C
348. C
346.2
266.9

236.C
301.a
233.6

QUENCh
TIM:

(SECONDS)

86.4
ti5. (;

114.9
177.C

21q6.

241.
177.

445.C
1ý19. C
3(;d . C
212.9

1c5.S
197.
249.
226.C

2A11- 0
4C 11- 0
1011- 6

K-502



RuN 4±008E HEATER ROD STATISTICAL DATA

INITIAL TEMIP (LE6 F) MAX TEMP (DEG F) TURN AFWUNL TlME (ýtLC)

0D
w

EL EV
12
24
39
4u
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

ELEV
12
2t
39
48
60
67
70
73
7.
75
76
77
7o
79
80
81
82
84
90
9g

102
111
120
132
13o

MAX
645,9
932.9

1275. C
1434. C
1554.5
1003.2

158o.0
146,.2
1509.1
1485.3
15 3d8. 1
1540.1
1570 .7
1541 ,It
1523.0
1501.*
144.1. 6
1491.,
149'. cg
1335.S
1450.1
i046 . 4
1052.4
0582 *

MIN
815.5

d57.4
111 * 1
1354.3
1500.8
149Z.o
153, . 2
148o.2
1004. *6
1447 . b
1463 . 4i
1471 . 4
1424.2
147o.S
1405.1
1501.0
1441.t
13.4.6
1104 . 7

06o.1
761.C
721.i

461 . 2
37,4. (

PEAN
L3s.1

b43.6
1i11.0
130.1

1528.4

1563.1
1486.2

1464.*7
14q2.4
1495.1
1500.6
1.11.2
1474.9
1501.6
1441.6
143d.4
1359.0
1i47.7
1(57.2

4i3.8

543.0
4t1 . 2

MAX
655.2
955.2

1340.4
1529.0
1722.9
1737.4
1718.5
1612.3
1637.4
1622.1
1655.9
1667.9
1721.8
1700.6
1706.2
1697.4
1634. 1
1610.1
1029.7
1i29.0
1605.8
124G.0
1246.3
813 . 7
700.4

MIN
626.8
882.0

1265.1
1444.1
1682.1
1635.2
1669.0
1612.3
1610.7
1573.3
1563.6
1604.7
1593.8
1629.7
1598.1

1697.4
1634.1
1507.4
1346.7
1286.0

927.4
947.0
905.8
611.0

632.0

MEAN
645.0
915.7

1290.7
1437.0
1704.5
1691.8
1694.2
1612.3
1627.0
1591.7
1610.9
1629.9
1653.9
1661.1
1653.4
1697.4
1634.1
1558.9
151R.9
1443.0
1268.9
1100.6

1005.0
584.3

666.2

MAX
4.0
8.5

23.5
31.5
45.5
40.0
31.0

31.5
31.0
43.5
38 .5
47.5
44.0
40.0
53.0
42.0
43.5
20.5
41.5
59.5
79.5
74.5

117.0
13.0
9?.5

MIN
3.5

13.0

1t.0
231.5
4C.0
26.0
21.0
31.u
20.0
31.U
2C.0
31.5
32. C
2C.5
31.0
42.0
43.5
14.5
20.0
33.5
31.L
5C.0
22.0
4t,6
tI.o

MEAh
3.7
7.5

20ý . 6
24.2
42.2
32.8
27.7
31.5

25.5
35.3
31.
37.2
3t). 4
33.0
4 3.5
42.0
43.5
it.3
30.0
41.9
1C.1

57.'
71.S
70.C
77. C

TE?.P K13E lUEG F) QUENLH TEMP (DEG F) OUL.C1ci lamL 1.OcJ

MAX
11.3
24.6
91.3

107.1

157.C
133.3
12o.1
12d.3
148.2
154.1
171.*
l12.t
159.C
220 . 3
195.*
192.5
138.7
208.2
219 .19
350.e
244.4
328 . 0
171.2
252 .1

Mi N
9.3

14.3
0 5. 4
bY.7

123.0
129.b
120.1
112.1

(Oz . 2

136.2

195 8
14,2 . 5
134.8

132.4
14o.2
IJo0 4
114 ItC
i17.c

PEAN
.10.0
22,1±

79.6
97.0

176.1
140.3
131.2
126.1
120.2
127.0
118.5
134.8
147.3
142.4

17t.5
145.8
1i2.5

120.0
159.0
1ib.3
211.7
2C7.2
211.2
141.3

8: .u

AAX
598.8
726.5
d43.9
906.0
963.4
904.C
879.9
083 . 6
713.6
802.6
967.9

1010.4
1062.0
896. 7

1061.5
832 .3
876.5
955 . 5
972.7
824.1
640.7
647.9
712.4
588.4
.535 .4

MIN
577.2
695.3
814.2
693.9
914.4
602.8
60d.8
683.6
687.2
650.0
285.6
703.6
694.0
764.9
798.8
832.3
876.5
664.6
693.9
713.0
654.3
539.6
517.3
499.8
520.5

587.9
713.5
826.4
899.9
938.7
861.0
842.2
683.6
700.4
728.4
712.0
829.14
941.5
830.5
907.8
532.3
876.5
767.3
789.3
776.5
776.0
594.5
619.7
535.4
528.0

MAX
15.5
37.4
97.4

114.9
177.9
218.9
225.0
226.0
241.9
239.0
398.0
249.6
250.0
258.0
2 58.3
256.8
251.0
284.6
313.8
318.9
335.4
355.6
348.0
301.8
268.0

13.1

8 1.1
.13.(

lfit.b

222.0

235.9

173. U
154.0
1t4.9
166.2
173.0
IcE.?

2 ~t .
2 1.0
19,.
213.2
203.7
2 12.•
266.3Z 2 C. t,

52i.6

MLAN
14.2
37.1

o5.1
114. 2
174.0
2C9.S
223. 1
22o. C
23t.4

214.0
23u.9
214.7
217.1
i23.2
225.C
250,8

25C.3

275. 1
249 . 4

324.3
31b. 7
205.b



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41608F

Test Date: 6/25/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

875 0 C (1607 0 F), 3C 1.78 m

(70 in.)

2.27 kw/m (0.692 kw/ft)

38.1 mm/sec (1.50 in./sec)

50 0 C (122 0 F)

526 0 C (518 0 C - 537 0 C)
[9790F (964 0 F - 9990F)]

-25 mm (-1.0 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

approximately -0.5%(a)

-1% increasing linearly to-1.5%(a)

a. Relative to run 43208A
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400/ELEV

FLLko1 StASET 21 ROD BONDLE TFST SERIES
RUN NUb6ER41608F

121,7IAL MAXIMUM TEMDFRATURF TUQN&QDUND Q Ehl.h
CHAN. NU AI FLLCO TLPPERATURF kISE TIMr TLMPKE6)ukE

(Dic F) (ocG F) (DEG F) (SECONDS) (UL6 k)

2A
4:

2A

24
5C
2D
1D

3D
48
50
1D

2A
2D
38
3C

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-

6-

6-0-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

3E 6- 6
4C 6- 6
50 6- 6
30 6- 7

30
4A

28

3D
58
26
2C

2E
3A
38
48

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

6

0
0

0
0
6
6

5

14

33
33
3t

50
51
5t

59
62
63
09

7C
73
7 t

d5

95

10i.

113
117
12C
121

123
124
125

132
133
13t

143
i44
145
14t

146
153
155
159

16t
1b9

171
172
174

1173.
127C.
1411.
15L;..

1526.
1451.

14S4.

15 I.
1555.
141E.
14 7 6.

1436.

1524V.

14f1.
15%C.
1533.
155s.

1447.
1442.

15(6.

151t.
1313.
1454.
1453.

11it.
14 52.
15(9O.
14 7.

14 t.
125C0.
1obs.
1342.

12t3.
1319.

IISC.

11i4.
1190.

1077.
994.

1065.

b52.

729.

630.
3s7.

1266.
1327.
1441.
1705.

1656.
1595.
15 fb.
1577.

1690.
1621.
1550.
1579.

1605.
1613.
1672.
1706.

1625.
1683.
1629.
ld 1.

1712.
1001.
1533.
1566.

1596.
1455.
15*2.
1586.

1318.
1567.
1630.
1601.

1550.
1413.
1206.
1508.

14•5.
147 1.
1247.
1072.

1379.
1357.
1216.
1185.

1247.
931.
1059.
926.

o59.
832.
671.

113.
57.
80.

196.

128.
136.
76.
83.

66.
71.

103.

129.
86.

106.
158.

l3q.
94.
95.

122.

133.
154.

91.
80.

78.
82.

128.
136.

130.
115.
121.
124.

113.
163.
146.
166.

136.
152.
187.
144.

205.
167.
139.
191.

182.
279.
184.
199.

143.
162.
274.

34.0
24.5
21.0
4q. 0

27.5
39.0
12.5
27.0

39.0
14.0
25.5
27.0

38.0
27.0
28.0
38.5

37.5
2P.0
27.0
37.5

37.5
37. 5
16.5
10.5

11.5
13.0
37.0
2O.0

26.0
27.5
25.5
27.5

29.0
37.5
40.5
37. 5

3ý.5
37.0
42.0
38.5

39.0

37.5
29.0

46.0

46.0
85.0
56.0
65.5

62.0
60. 5
8Q.5

62o.
61±.

t03.

C53.

2 7..

24.L.

t7L.
.3 t.

1C2.

eb?.

57±.
2or,

2E 7.

243.34c.

734.

63L.
1C25.

bLC.
724.

b43.

735.

71C.

705.
694.

7o4.

632.

62c..

311.

oz 1.
bcI.

724,.
66L.
76.1.
590.

6cl.

b4o.
55,.
bol.

0•13.
525.
Sd2.

QU Lh L
Qut.0. t-

o7.4

4t4. C
2',7. C
194. 4

527. C
2 c,2. 9
2 15. C
2ou. t

262. s

Zo2. L

272.(C

256.0

24' ý. *C
2 1 C. t
2 7 5. C
2t6.L

271. C

2 t C . 2
25b. C

252.7

277. t
3(;3. C
3•3.L

303.4,

271. C

2•0.C

303. C

33.2.C6

309.1

319. L
273. C

329.6
336&.

332, C

350.7C

276.6

156. C
2c7.S
1,6.9

6
6
6
6

5C 7- 6
IC 3- 0
2E 8- 0
3D 6- 0

55 8-
5C i-
IC 6-

I1 8-

2 C e -

5D 8-
50 8-

4C 9-
ID10-
4a10-
5D10-

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
IDII- 6

K-505



kUN 4±808F HEATER ROD STATISTICAL OATA

MAX TEMP (DEG F)INITIAL TtMv (CEo. i) TI;RNtXUUNL fiME (SLL)

1_q

C)'

ELEv
12
24
3y
46
60
67
70
7±1
7Z
73
74
75
7t)

77
7b
79
10
81
84
9 u
9o

102
111
12U
13Z
13o

12
24
39
4o>

60
67
70
71
72
73
74
75
76
77
76

79
8a
81
a4
90
9t)

102
111

120
132
136

MAX
74o. 9
935.2

1270.1
1403. 5
1509.3
1600 .4
1607. C
1573.1
1450.t
1 4 7o . 2
1505.C
1526.
1!?54 .7
15o54 *

1505. 9
15O7.1
1575 .4
157o . e
lo7. 1
1 s20) . 4
1500.t
1375.1
1203.3
10o5.4

ot7 .o
670.2
:; vi. 7

C92.6
935.2

1410.o
13740 .2

151o.1141 .2
±372.8

±403.2
±47o. 1
144o .2

1441.0
14o 7.1
*.37Z .0

1005.0

o51.t

340.7

PEAN
120.7
S35.2

1200.9
I8C7.5
1474.4

1553.1
f4t2.b
1±4.7
1o40:). 7

144a .2
14ý tu. .3
14t64.
1441.7

I "C6.1

14617.1
I 4ti .51
1411.4

1287.13
1. vu ..±

163.2
S3:2).
S2'. *6

8 AX
757.6
951.1

1326.1
1536.5
1705.i
1736.3
1710. 7
166332
1612. 3
lo29. 7
1633.0
1672.3
1669.7
172 . 3
1706.2
1637.5
1711 .e
1608.8

1619 . C
1629.7
1548 . 4
13131. 3
1253.8
1100.6

o3 2
. 3

608.5

MIN
705.6
951.1

1257.8
1422.7
I ol6.7
1623.2
1506.3
1607.9
1 51t.0
15dO.9
1513.9
1531.1
1511.7
1570.0
1575.4
1514.?
1584.1
1606.8
1454.'1
131J.4
1205.6

c3 3.1

416.1

557.9
671.0

MEAN
731.6
951.1

1290.2
1480.0
1647.2
1672.7
1568.2
1645.5
1564.1
1605.3

15Z);. 4
1593.4
1604.8
1615.7
1630.2
1627.0
1641.4
1606.8
1547.3
1539.5
1447.2
1246.5
1099.9

91i,8
681.7
727.7

-AX

5.0
6.5

34.0
21.0
49.0
37.5
37.0
25.5
42.5
45.5
41.5
51.0
42.0
46.0
38.5
38.0
43.5
2R.0
1q.0
37.5
46.0
42.0
56.0
85.0
7Q.0
R0.5

I' h
3.;

24,5

lo.0

2 t.5

14.0
3t.0

12.2

2 t,.:,

2 7.5
29.0

1L.

3i c. u,

54.C
34.2
8Ž. 5

PLAý

4.3
8.5

3c.t

43.1
31. b
22.t

40.3
41 .t
33.1
33.c

34.t
31.8
32.t
37. 3
',.

13.6

3. 7
33.7
43.3
63.*

74.5

T~me ki1s ibc6 F) QUENLrL TEIP (DEG F) 9138:40-TIM tullELJ±

MAX
13.C
15 .9r

113.0
do.5

145 .*
135.9
Ito. 4
110.1
I11 . 7
162.7
151.o
190.S
Ioo. 7
157.0
157.o
140.8
162.7
119 . 7

94. 4
140.3
173.3
205.0
196.5
27a3. 9

0ol.1
274.3

8.7

So * 7

to 5
00.5

153.8

111.7

71 4

114. 7

135. 7

0o.1
41.7

1Zj .3

120.?
7o.2

135.?
114.0
187.3
163.1

47.3
±2o .1

10.9
15.4

49.3
1i2.5

114.0

±02.6

1±7.3
157.1
132.1
l2-i.3
314. 1
1013.2

143.1
119.7

635.0

127.o
I15,o.4
1 5b.4

iCc.6

ici. I.

iŽ,3.

MAX
645.9
721. 7
236.7
372 . 5
v02 . 5
927.9
934.1

249.0
279.1
666.5

1416.1
125;.7
1026.1
1050. 7
1013.9
1024.6

785. 8
794.1
623.4
336. 5
723. 7
672.2
661.3
o13. 0
5132.3

MIN
607.4

721.7

83d.5
8q5.1
722.1
242.5
28L.3
246.8
25b.5
241.9
243.6
241.4
259.7
28a.6
624.5
723.3
785.0
643.1
602.9
684.9
597.4
583."

55o.3
284. 5
474.5

MEA4
626.6
721.7
824.6
95R.0
898.4
435.1
520.8
573.1

247.9
267.S
445.2
633.9
67Q. 5
681.8
76.1
763.2
357.0
7A5.8

70R.1
735.4
759.4
665.6
622.2
504. 5
4,7.4
52Q.3

MAX

10.9
43.5

9n1. 6
12q.0
1I45.4
214.8

522.0
460.0
513.0
498.0
513.0
520.0
527.0
484.0
?92.0
293.0
297.0

256.0
290.5
303.4
319.8
336.0
336.0
353.0
287.9
332.0

eIr.
Ic. "
43.j
c; .4

i 18.u

213.,)
222.2

4 .,."
17t.7
181.3

162.1
141.7

210. :?
258.0
234.o

2St. 7
21.2 jt.7

ol.0
1 ct.6

43.5
84.3

123.4

1i2.4
212,4

3 l' c, .
j41.3
511.C
473.1
37c.S
30. 1
314.1
2tŽ .4

211.4

256.C

301.2

324.1
.43 .*
26c.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41909A

Test Date: 3/24/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.270 MPa (39.2 psia)

8720 C (1601°F), 3C 1.96 m

(77 in.)

2.3 kw/m (0.69 kw/ft)

147 mm/sec (5.8 in./sec)

54 0C (130 0 F)

217 0 C (214 0 C - 2190 C)

[423°F (418OF - 427°F)]

40.67 mm (1.601 in.)

B. Summary Results:

C. Comments:

Total power: linearly increasing from -0.9% to -1.4% by 90 seconds(a)

a. Relative to specified conditions

K-507



RID/ELEV

FLcCHI SEASET 21 ROD RUNDLE TFST SERIES
RUN NUM3ER4190QA

IAhi11IIL 14AXIMUM TEM'ERATUPF TURNAROUND QLENCH
CriAki. hu AT FLuLO ir1PcRATUR- kISE TIME T EMPREAIURE

(UEC F) (.EG F) (DEG F) (SECONDS) (DEL F)

QUENCH
TIME

(SECONDS)

z1.
23.c
34.S
47.7

24
46

2A

2A

1)
20
30

5C
ID
43
5D

3-
3-
4-
5-

5-
5-
6-
6-

6-

6-

3
3
0
0

7
2
2
2

2
3
3
3

2A 5- 4
33 6- 4
3D o- 6
20 o- 5

31
3c
4A

30
5-
11
2

31
53

2

21-

2 i
4:

3-

0-

7-

7-

7-

7-

7-
7-

7-

7-

7-

7--

0--

5
5

0
6
C.

0

0
6
0

9
11
14

17

21
50
53

ol
03
66
09

70
75
74
64

OC
.05
97

40
101

ili

i 157

12 L
I•

Ii27

-ZC,
127

12c
131
'33
13t

136

1412

i43

iý5140

15o

150loi

101,
io7

172
i 72

1311.

13c1.

1423.
1562.
15 b'..

14•9,

1t14.
15 55 .
1433.

141b.

15 5;..

1 512.

155..

i.5to.

is",.13 t7.

13C3.
14 4.

12S5.
i427.

I-, "I.
13Lý.

i25,

937.

15c7.

i±tI,

110S.

IC3

1033.
755.

c43.

1io.
3t;.

1099.
1176.
1307.
1335.

1400.
1441.
1582.
1604.

1505.
1436.
1578.
1456.

1434.
1609.
1574.
1560.

lo22.
1520.
1o09.
1406.

1325.
1485.
1414.
1415.

1473.
L3 14.
1445.
1462.

1321.
13L2.
1,7 2.
1434.

1292.
1271.
952.

158b.

1187.
112 o.

1031.

1174.
1137.
1021
1054.

1051
772.
3bO.
803.

626.
b95.
4og.

11.1
13.
12.
25.,

19.
18.
20.
19.

17.
22.
19.
23.

is.
20.
24.
21.

21.
is.
23.
18.

22.
16.
18.
18.

13.
19.
18.
21.

20.
16.
?0.
20.

17.
19.
16.
22.

20.
17.
1B.
12.

18.
22.
22.
20.

18.
17.
18.
16.

a°
13.
80.

2.5
2.0
2.0
3.5

3.5
2.5
2.3
2.5

2.5
3.0
3.0
3.0

3.0
3.0
3.0
3.0

2. 5
3.0
2. 5
2.5

2.5
7.0
?.0
2.0

2.0
3.0
2.5
2.5

3.on
2.5

2.5

2.5
2.5
3.0
2.5

3.0
3.0
2.5
2.5

2.5
3.0
3.0
3.0

3.0
3.5
3.5
3.5

3.5
3.5

11.5

926.
909.
892.
bo7.

o4b.

000.

850.

743.
664.
656.
o74.

b57.
654.
615.

o 7•1.

72,.

27 .
75.,.

73-•.
701.

1.

747.

004.
713.
t2 4..
L14.

b4i.

62 i .
:0,o

.oo5

006.

57'..

463.

590.
3'.7.

55.4
67.4
64.9
67.3

65.4
68.6
67.2
67.7

67.4
69.4
72.S

71.5
6 ,0. S.
73.C
71.1

92. ý
74. C
7(,.3
77.t

76.5
7o.
,34.14
o45.

33.0

,12. 3

.5.4

7,4.3
92.3

75.0
72.E

91. 5
90.E

75.6

97.c
ý,O. 4
94. 2

103. C

0.

0

6
C
0
6

5± 7-

510

3!-

43 10-
50 .'-Ib

0C.
0

6

6

3

0
0
0

90.0
16. 1
7U. C
t2 . C

lb. C
16.4
19. 2

2411- C
4C11- C
iDi- 0

K-508



RUN '1909A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TEMP (LEG F) TU'RNAKO3UNL TIME (SEC)

u,
0D
1.0

ELEV
12
24
39
4b
60
67
70
71
72
74
75
7 t
77
7b
84

9o
102
111
120
132
i3o

ELov

12
2.
39

60
67
7u
7i
7..
7,t
75
7o
77
7o
8"

90

102

120
132
13o

MAX
665.9
834.1
1164. 9
1317.2
1456.0
1547.4
1593.3
1594.5

t00. 4
1595.0
1596.1
1599.3

1560.3
1455.3
1451i7
131'. 7
il5b.2

114o.2
65o.S
062.3
667.6

Ni N
615.3
751.1

103ý .5
£110.5

126o.0
.L372.4
1396 . 9
1403.3
138".4
13Y6.5
li14.0
1360.11
14G03.9
1357.1
1203. C
1275.0
93o.0
990 *

91' .4
755.3
610.%
36l .1

MEAN
032.3
793.9

109b.0
1251.7
1332.c
14Z2.8
1"10.5
1515.8
lCC3.7
1524.5
1521.5
1501.6
1517.3
1493i. 6
134Y.o
136o. 5
12C3.o
l00o.2

kC9.2
541.3
57± .3

MAX
667.8
839.6

1177.5
1329.9
1475.2
1564.6
1612.3
1614.5
1622.1
1614.5
1617.8
1619.9
1622.1
1609.0
1473. C
1471.9
1337.3
1174.4
1164.0
d73.7
695.2
676.3

MIN
617.3
757.6

1050.1
1198.3
1288.0
1393.9
1413.0
1421.6
1401.2
1416.2
1435.5
1382.3
1430.2
1375.0
1227.5
1292.2

952.2
1016.1

930.5
772.2
625.7
466.8

4EAN
634#4
799.9

1108.17

1265.P
135 3.:4
1442.6
1528.4
1535.2
1521.9
1543.0
154 2.
1521.8
1540.0
1513,8
1368.2
1385.0
1223.1
1057.3
1006.3

826.5
652.6
601.3

MAX
1.0
2.0
2.5
3.0
3.5
3.5
3.0
3.0
3.0
3.0
3.0
3.5
4.0
3.0
3.0
3.0
3.0
3.5
3.5
4.0
3.5

11.5

MIN
1.0
1.5
2.0
2.0
2.5
2.5
Z.5
i.5
2.0
2.5
2.5
2.5
Z.5
2.0
2.0
2. ý
2.5
Z.5
2.5
-. 5
2.5
2.5

MEAN
l.C
1.9
2.3
2.6
3.1
3.3
2. c
2.7
2.6
2.6
2.6
3.0
3.1
2.7
2. 4
2.1
2.9
2.7
3. 1

3. 3
5.d

TEMP RISE (DEG F) QUENCH TEMP (DEG F) QUENCq 11ME (SEC)

r.A A
2.6
0.t

1'. 7i7.*

21.7
Ill. C
Zu . I
21.7
20 . 5
23.1
23 .:)23.2
2o.3
23.7
2,t'. *

ZZ .
22.3

19.7
22.0
12.;
7. 7

1i.9

1 ..7
i7.2
17.2
16t . I
Io.2
1.5 . 4
lo.7

Yo . 1

Io. *

13.7

9,.1

2.1
0.0

±?.7
i4.2
27.0

lio.2
19.2

20.7
2 L,.2
22.6
20.1
10. 4

±6.6
17.3
10.8
-6.1

MAX
637.9
710.0
927.5
901.1
911.4
o39. 2
676.3
696.9
876.3
867.6
874.5
887.3
873.1
554.1
753.
750.0
724.3
69 4 . 0
612.2
596.4
598.5
579.S

MIN
524.9
076.9

640.3
t27.4
7d7.7
600.6

852.1

692.2
742.5
626.4
725.7
821.5
27o.0
670.5
650.6
598.2
523.2
406.6
252.3

55o.6
397.5

MEAN
562.4
615.2
892.5
87P.5
862.2
a77 , 6
864.1
953.5
815.P
533.1
854.6
835.1
851.3
759.7
706.6
708.1
663.5
608.9
544.5
407.
577.15
514.3

MAX
4.9

11.0
23.9
34.9
48.4
56.q
61.9
63.4
64.5
67.5
68.8
70.5
71.6
74.0
80.0
86.9
92.5
99.5

103.0
78.0
19.0
21.2

P.N

21.9
32.c

55.4
5ý.7

61.0
o2.4
t 7.2

6;.2
74.0
63.5
75.0

5b. 556.5

1t.1

1ý.2

MEAN
4.t

23.1
33.9
46.C
56.3
60.L
C2.2
63.5
66.1
6;7 . S

70.7
71.5
76.3

65.4

69.*3
61.7
17.7
2C. 2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41709B

Test Date: 6/16/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

8770 C (1610 0 F), 3C 1.96 m

(77 in.)

2.3 kw/m (0.69 kw/ft)

147 mm/sec (5.79 in./sec)

51 0 C (124 0 F)

333 0 C (308 0 C - 354 0 C)

[631oF (586 0 F - 6700F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

+2.5% linearly increasing to -4.0% by 100 seconds(a)

-0.5% constant(a)

-12.5% linearly decreasing to -3% by 100 seconds(a)

a. Relative to run 41909A

K-510



RODIE LEV

FLECHT SEASET 2L KJJ BuNOLE TE4T SERIES
RUA NJMtER417098

T14ITIAL 4AXlnUM TEMPEAATUKE TJRiAROJI) QUENKH
CH&I. NO AT FLOOD TEMPERAhUE RISE TINE TEMPREATJOIE

(DEG F) (DEG F) (DEG F) (SE:'1lS) (DEG F)

QUE-MCH
TINE

(SECONDS)

22.9
Z2.9
33.0
46.9

2A
4C
1 ^

2A

2A
10
20
30

5C
10
48
50

3-
3-
4-

5-
6-
6-
6-

6-

6-
6-

3
3
0
0

7
2
2
2

2
3
3
3

2A 6- 4
20 6- 4
38 6- 4
3C 6- 5

3E 6- 5
3C 6- 6
30 6- 6
4A 6- 6

4C 6- 6
5C 6- 6
1: 7- 0
28 7- 0

30 7- 0
58 7- 0
2• 7- 6
2C 7- 6

2E 7- 6
3A 7- 6
38 7- 6
48 7- 6

5C 7- 6
iC 8- 0
2E 8- 0
30 8- 0

9
11

17

21
50
53
58

61
63
68
69

70
*8 A43

75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168
170
172

1029.
1205.
1299.
1318.

1394.
1277.
1427.
1486.

1463.
1301.
1512.
1420.

1390.
THE R M3

1561.
1610.

1401.
1595.
1522.
1343.

1573.
1478.
1385.
1431.

1452.
1319.
1416.
1436.

1152.
1396.
1445.
1464.

1408.
1216.
1030.
1287.

1230.
131.
1039.

920.

1142.
1202.

934.
983.

1049.
736.
869.
723.

572.
657.
288.

1043.
1214.1
1316.
1345.

1418.
1304.
1452.
1511.

1487.
1330.
1533.
1449.

1413.
C U P L E

1586.
1633.

1428.
121.
1 51.
1368.

1599.
1500.
1410.
1455.

1477.
1338.
1442.
1463.

1184.
1422.
1473.
1490.

1433.
1245.
1060.
1316.

1257.
1333.
1065.
943.

1171.
1234.

961.
1008.

1071.
758.
889.
745.

586.
674.
363.

14.
14.
17.
27.

24.
27.
25.
25.

24.
29.
21.
29.

23.
A T A

25.
23.

27.
26.
29.
25.

26.
22.
25.
Z4.

25.
2O.
26.
27.

32.
26.
28.
26.

25.
30.
30.
30.

27.
23.
25.
23.

29.
32.
27.
25.

22.
22.
20.
22.

14.
17.
75.

3.5
2.5
3.5
4.0

4.0
4.0
3.5
3.5

3.5
4.0
3.5
4.0

4.0

3.5
3.5

4.0
3.5
3.5
4.0

3.5
3.5
3.5
3.5

2.5
2.5
3.5
3.5

4.5
3.5
3.5
3.5

3.5
4.0
4.5
4.0

4.0
3.5
3.5
3.5

3. 5
4.0
3.5
4.0

3.5
5.0
4.0
5.0

4.0
4.5

12.0

795.
897.
804.
870.

818.
828.
678.
860.

807.
804.
800.
815.

758.

764.
1045.

813.
949.
931.
791.

944.
804.
707.
698.

761.
719.
710.
699.

683.
708.
701.
723.

740.
675.
620.
662.

671.
681.
624.
584.

653.
655.
593.
540.

558.
382.
550.
471.

503.
560.
296.

56.8
64.0
60.5
43.6

66.5
63.0
65.0
71.4

68.9

68.7
45.4

69.9
51.4
58.5
69.8

60.4
71.4
78.3
78.9

76.5
78.9
89.0
88.6

87.0
88.7
88.3
86.0

86.4
96.4
95.3
94.0

96.5
95.1

102.9
103.0

103.0
101.5
102.0
100.0

109.8
58.4
90.1
53.1

23.5
19.8
16.0

58 8-
Sc 8-
iC 8-

10 8-

2C 8-
48 8-
50 8-
30 9-

4C 9-
1010-
4810-
5lo-

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4CI1- 0
1011- 6

K-511



RUN 417098 HEATER XOD STATISTICAL DATA

OAX TEMP (DEG F)INITIAL TEMP (DEG F) TURNAROUND TIME (SEC)

ELEV
12
24
39
48
60
67
70
71
12

74
75
76
77
18

84
10
96

102
ill
120
132
138

ELEq
12
24
39
49
60
f7
70
71
72
74

76
77
78
84
90

1 C2
111
120
t -2
138

MAX MIN MEAA
536.4 582.6 602.1
793.2 730.8 757.6

1204.8 1028.6 1100.1
1371.1 1225.7 1281.4
1504.5 1304.4 1371.1
1581.6 1364.0 1447.5
1599.7 1317.6 1473.3
1575.1 1270.8 1452.3
1456.4 1294.8 1389.8
1520.8 1277.1 1442.3
1567.3 1301.1 1466.1
1594.3 1336.7 1475.3
1609.5 1267.7 1473.3
1594.5 1333.6 1466.2
1481.2 1284.4 1392.1
1463.9 1152.0 1351.4
1326.4 1033.0 1243.7
1201.9 919.7 1047.8
1048.5 823.3 955.3

168.8 723.5 784.5
657.5 541.0 596.4
646.0 288.1 549.5

TEMP AISE {OEG F)

•AX MIN MEAN
3.0 1.9 2.4
8.1 6.0 7.3

1e.Z 13.9 15.2
24.8 16.4 19.0
32.8 25.5 27.7
32.0 23.1 26.1
28.6 22.1 25.8
32.5 24.1 28.0
29.7 25.2 26.5
29.5 22.0 25.2
29.5 21.1 25.3
29.9 20.0 24.5
29.7 23.5 25.4
32.0 22.0 27.4
25.0 19.6 23.0
31.7 21.7 25.9
30.4 22.6 28.3
32.6 23.2 27.6
25.3 19.3 21.5
27.4 18.4 21.5
16.6 12.6 14.3
75.2 11.4 26.2

MAA MiN MEAN
638.3 85.5 604.5
801.3 736.8 764.9

1219.1 1042.8 1115.2
1388.6 1246.3 1300.4
1530.1 1329.9 1398.8
1604.7 1396.0 1473.6
1625.4 1345.6 1499.1
1602.5 1297.4 1480.3
1481.6 1320.5 1416.4
1543.0 1303.7 1467.5
1590.6 1329.9 1491.4
1616.7 1366.6 1499.9
1633.0 1297.4 1498.7
1621.0 1363.5 1493.6
1505.2 1307.9 1415.2
1490.2 1183.7 1377.4
1356.1 1060.4 1272.0
1233.8 942.9 1075.4
1070.7 843.7 97b.9
889.2 745.1 806.0
674.1 555.6 610.7
660.4 363.3 575.7

QUENCH rEiP (DEG F)

MAE MIN MEAN
594.8 563.2 572.5
710.8 053.4 675.4
897.Z 795.4 849.5
915.1 804.0 850.5
901.1 360.8 873.6
864.4 817.6 843.5
851.4 706.Z 795.6
882.0 715.8 795.3
831.0 765.6 809.4

1262.6 628.9 829.7
1106.0 800.0 863.5
1083.8 757.6 848.7
1044.7 739.5 834.0

999.2 762.7 828.9
760.6 697.6 722.0
740.0 659.0 699.8
681.7 620.2 b63.4
676.8 570.1 623.9
637.6 539.8 575.6
607.9 286.6 487.5
559.7 485.8 522.4
555.6 296.3 477.9

MAX
1.5
Z.0
3.5
4.5
4.0
4.5
4.5
4.0
4.0
4.0
4.0
4.5
4.0
4.5
3.5
4.5
4.5
4.0
4.0
5.0
4.5

12.0

Alil
1.0
2.0
2.5
3.5
3.5
3.5
3.5
3.5
3.5
2.5
3.5
3.5
3.5
3.5
2.5
3.5
3.5
3.5
3.5
4.0
4.0
3.5

MEAN
1.1
2.0
3.1
3.8
3.9
4.0
3.8
3.8
3.7
3.5
3.7
3.7
3.9
3.8
3.1
3.6
4.0
3.6
3.8
4.4
4.3
5.7

U,
QUENCH TIME (SEC)

MAX MIN MEAN
5.0 4.5 4.8

10.8 10.0 10.2
23.0 22.0 22.7
33.3 32.8 33.1
48.5 45.9 47.3
57.3 56.4 56.9
62.3 60.9 61.5
64.8 61.1 62.5
64.0 61.9 63.3
67.0 20.3 60.0
71.4 34.9 61.9
69.2 39.4 62.6
70.4 45.4 66.3
72.0 51.4 67.7
80.0 76.5 78.5
89.0 86.0 87.6
96.5 94.0 95.6

103.9 101.5 102.7
113.2 76.9 97.5
90.1 53.1 72.7
23.5 19.8 21.6
30.5 16.0 23.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41909C

Test Date: 8/18/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

881 0 C (1618 0 F), 4C 1.70 m

(67 in.)

2.3 kw/m (0.69 kw/ft)

152 mm/sec (5.98 in./sec)

51 0 C (123 0 F)

208 0 C (203 0 C - 215 0 C)

[407°F (398°F - 4190F)1

i4 mm (0.57 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

+9.5% decreasing linearly to 0% by 40 seconds and then

increasing to +2.5%(a)

+1% constant(a)

-12% decreasing linearly to -3% by 75. seconds(a)

a. Relative to run 41909A

K-513



FLE5HT SEA, ET 21 RjO 8UNOLE TEST SERIES
RwA NdRMEp419O9C

TIl4TIAL iAAlAUA TEiipEkATUAE TURiAROJPO QUENCH
CHk. NO AT FL GD TEPERA I uE A14E TI E TEMPREATUKE

(DEG F) (DEG F) (WEG F) (SE:04DS) (DEG F)

QUENCH
TIME

(SEC3NDS)

21.9
24.9
34.0
49.1

3-
3-
4-
5-

3
3
0
0

7
2
2
2

2
2
3
3

4
4
5
5

5
6
6
6

6
6
0
0

0
0
6
6

9
11

14
17

21
50
53
58

60
61
63
69

70
75
84
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
]67

168
170
172

1027.
1206.
1323.
1338.

1442.
1390.
1400.
1487.

1506.
1382.
1405.
1390.

1399.
1569.
1536.
1600.

1505.
1589.
1574.
1393.

1596.
1561.
1445.
1440.

1460.
1285.
1470.
1484.

1344.
1427.
1471.
1461.

1442.
1320.
1258.
1376.

1137.
1369.
1149.
1015.

1203.
1155.
1049.
1048.

1077.
771.
871.
788.

655.
699.
349.

1042.
1222.
1340.
1367.

1466.
1406.
1422.
1510.

1526.
1413.
141d.
1412.

1421.
1591.
1 ý 58.
1627.

1519.
1617.
1599.
1419.

1622.
15 79.
1468.

I407.

1486.
1308.
1,t96.
1510.

1369.

1499.
!409,

1468.
1348.
1285.
14066.

1 169 .
1396.
1180.
1042.

1235.
1184.
1060.
1076.

1103.
793.
897.
812.

068.
717.
480.

15.
17.
18.
28.

24.
16.
22.
22.

iv.
31.
13.
22.

21.
21.
22.
26.

14.
27.
25.
26.

26.
17.
23.
26.

26.
23.
25.
25.

25.
25.
28.
28.

26.
27.
27.
29.

32.
27.
31.
30.

31.
29.
31.
27.

25.
22.
25.
24.

13.
18.

131.

3. 5
3.5
3.5
4.5

4.0
3.5
2.5
2.5

2.5
4.0
2. 5
3. 5

3. 5
3.5
3.5
3.5

2.5
3. 5
3.5
4.0

3.5
3.5
2.5
3.5

3.0
3.5
3.5
3.5

4.0
3.5
3.5
3.5

3.5
4.0
4.0
3. 5

4.5
3.5
4.0
4.0

4.0
3.5
4.0
4.0

4.0
6.0
5.0
5.5

5.5
4.0

13.5

843.
894.
924.
858.

844.
1013.

638.
115.

810.
677.

1026.
896.

878.
785.
781.

1055.

785.
992.
781.
862.

757.
773.
727.
715.

678.
702.
741.
753.

731.
125.
707.
715.

698.
o47.
703.
691.

628.
648.
643.
591.

674.
b27.
538.
585.

559.
593.
499.
560.

551.
587.
287.

58.6
35.9
64.5
64.6

65.9
66.3
40.9
58.9

60.4
67.4
68.0
42.9

67.3
48.9
71.0
64.4

70.8
70.2
75.9
76.0

76.9
78.0
83.5
84.9

87.4
83.4
84.9
85.8

82.5
93.3
94.0
92.5

94.0
91.1

100.4
100.7

99.9
100.6
97.4

106.7

105.8
52.3
81.0
65.4

31.1
20.6
34.5

Sc5C

2E
3D

53
5C

IC
1r)

6
6
6
6

6

0
0
0

0
0

6
6

6
6
6
3

4C 1-
ID10-
4310-
5010-

3
0
0
0

24I1- 0
4C11- 0
1011- 5

K-514



RUN 41909C HEAlEA ROD STATrISICAL D4T4

AIAA fEAP WIEG F)I1 ITIAL TEAP (DEG F) TJRNARUUNO TIME (SEC)

HUn

ELEV
12
24
39
48
60
"7
70
71
72
74
75
76
77
78
94

90
96

102
111
120
132
138

CLEV

24
39
48
60
67
70
71
72
74
75
76
77
78
94
90
9 6

102
111
170
132
138

IAX
557.8
953 . 5

1205.6
1355.6
1356. 6
1519 . 3
1549.5
1483. 2
1455 . 8
1510. I
1566.3
1591.1
1600.3
1596 . 5
1492.8
1484.2
1395 . 4
1233 . 5
1077.4
441. 9
a99 . 3
6536.7

572.7
779.9

1026.8
1239.0
1338.3
1424.2
L329.4
1348.2
1451.6
134 7.7
1390.2
1369.8
1405.0
L393.3
1207.6
1313.1
L136.9
1315.0

937.2
770.6
635 .1
349.0

ME AN
620.4
822.6

1096.8
1296.3
1347.6
1480.5
1471.6
1446.5
1453.7
1442.5
1485.7
1500.1
1507.9
1515.4
1392.0
1429.8
1317.1
1128.0
1020.0

845.9
657.6
585.4

MA A
673.1
862.3

1222.3
1376.0
1386. 5
1643.9
1:81 . 9
15 13. 8
1405 . 9
1532.2
1589.5

1614.5
1626.5
162Z . 1
1514.9
1509.?
142i. 9
.234.8
11Q2 .6

966.6
717.1
705.6

MNI
577.0
186.8

1041.8
1263.0
1366.6
1454.8

1354.0
1379.2
1485.9
1367.7
1411.9
1392.8
1428.0
1414.4
1224.b
1336.2
1169.2
1344 . 9

957.3
193.0
649.9
479.6

MEAN
624.3
831.3

1113.5
1317.1
1376.7
1506.9
1501.4
1477.5
1485.9
1463.2
1505.3
1520.7
1530.3
1540.1
1416.i
1455.3
134j.5
1157.9
1043.5
871.4
672.0
624.9

IAX
2.0
3.0
4.0
4.0
4.5
4.5
5.0
4.5
4.5
3.5
3.5
4.0
4.0
4.0
3.5
4.0
4.5
4.0
4.0
6.0
6.0

13.5

1.5

3.5
3.5
4.5
4.0
4.0
3.5
4.0
Z.5
2.5
2.5
2.5
3.5
2.5
3.5
3.j
3.5
4.0
4.0
4.0
4.0

MlEAN
1.6
2.7
3.6
3.8
4.5
4.1
4.2
4.0
4.3
2.7
3.1
3.5
3.4
3.7
3.3
3.6
3.9
3.9
4.0
5.5
4.9
6.9

TEMP S13E (EG F) 0UEN4CH (EAP (oEG F) QUENCH rIlE (SEC)

5.2
6.8

2 .0
24.0
?79.9

30.6
35.4
33 . 3
34. 3
24.3
23.2
25.0
?6.2
28 . 3
28.4
27.9
32. 2
31.3
27.3
30. 5
17.7

130 .6

2.6
8.3

15.0
17.3
28.3
23.6
24.6
29.0
30.0
12.0
12.9
12.0
14.0
17.3
18.8
22.0
24.5
27.5
19.0
22.4
11.6
11.5

ME AN
4.0
8.6

16.7
20.8
29. 2
26.4
29.7
31.0
32.2
20.7
19.6
20.7
22.4

24.8
24.1
25.5
28.4
29.9
23. 5
25.5
14.3
39.5

MAX
o22.3
742.5
898.o

923.,9
865.0
d64. 8
660 • j
787.8
748. 6

1036 . 2
1097. 1
1051.7
1i69. 0

992 . 4
741. 2
752.5
704.8

o74.0
603.5
593. I
:566.9
270. 1

Al A
511.6
101.9
d3i. 9

149. 1
631 . It
57b.2
654. 5
619.4
638.4
746.2
769.4
781.0
7124.2
661.5
697.1
628.3
536 . 2
)58 •5
371.2
?47. 1
286.6

MEAN
572.3
726.6
867.1
905.4
657.3
846.9
77U.1
717.8
684.0
825.2
909.4
856.4
906.2
819.1
708.2
718.9
670.0
616 *
576.9
512.9
564.3
493.7

4AX
6.0

11.9
25.7
3ý.9

49.5
59.0
64.5
65.0
54.6
65.9
68.5
(8.1
69.4
71.0
78.0
87.4
94.0

101.0
106.7

92.9
31.1
34.5

AN IN
5.5

11.3
2L.3
34.0
44.0

57.5

62 .2
61.9
64.2
27.8
33.9
38.4
40.9
48.9
75.5
76.3
91.1
95.6
84.0
52.3
20.0
23.0

MEAN
5.7

11.5
23.5
34.5
49.2
58.5
63.4
63.8
64.4
53.8
53.5
60.7
57.6
67.7
76.7
83.9
92.7
99.4
99.9
77.0
24.5
26.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43009D

Test Date: 10/21/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

872 0 C (1602 0 F), 3C 1.98 m

(78 in.)

2.3 kw/m (0.69 kw/ft)

147 mm/sec (5.78 in./sec)

52 0 C (125 0 F)

2940 C (287 0 C - 302 0 C)

[561oF (549°F - 5760F)j

86.6 mm (3.41 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

+2.5% increasing to -7% by 10 seconds; decreased to -2.5% by

20 seconds(a)

+0.7 5 %(a)

-12% linearly decreasing to -2.5% by 75 seconds(a)

a. Relative to run 41909A

K-516



ROD /E L: V

FL-¢hl SEASET
K U N

1i11 1 1 A L MIXIIUM
CH AN. Nu 11 f" L CL. L T tP'PtiATUR L

21 RXO R9INDLr TFST
NuMb -R430090

TEMDERATUR-
RISE
(jE3 F)

SEPIES

TURNAROUND UENcht
TIME TLMrKEATUI'
(SEC3NDS) ttL- F)

QUENC

(SLCO.US)

24GC
24*5
35.4
50.4

2A
4-
IC

2A

24
23)
30
5 C

4;
5-)
2A

33
1)
2D
3C

3-
3-
4-
5-

5-

6-

6-
b-
6-

b-

6-
0-

3
3
c
0

7
2
2
2

3
3
3
4

7
y

IC
13

1 b

L3

2o

61

0k

7C

Ic45.
.J±L2.12C4,

13tb.

14L5.
I'.C.
14 ±4.

14±cb.

14 (.2.

13.7.
132.

1054.
1212.
1279.
1389.

1,,24.
1507.
1515.
1497.

1416.
1523.
1415.
1409.

U L P L r D A T A*
141b.

0 L P L E D A T A
1l17,

1463.
1619.
1583.
1452.

q.
10.
10.
23.

18.
17.
31.
17.

16.
15.
19.
17.

22.

17.

14.
16.
17.
16.

4
5
5
5

02
4 AL

T H

I f

c R P L.
13 4.

± & ruC
Ic CU,

3E 6- 5
30 6- 6
3) 5- 6
44 b- 6

47

0 k
100

144s.

5 00.

4:
2.
ic
23

3D
58
23
2C

b-
7-
7-

7-
7-
7-
7-

t

6
0
0

101
103

A1Lillo•

0
0
6
6

2F 7- 6
34 7- 6
34 7- 6
46 7- 6

5C 7-

2 P
30

10C

2-10 --

48 ~
53 9-

40 -

IC -

4B 10-
5013-

b
0
0
0

0
C
b
6

117
121
122

123
124
12t

12C

13k

137

14(
141
142

143

,L 4b

157

103

±o7

170

12C7,

1441.

14±7e

14 t2.

12 15.
1414.

14ý C 7

12±1.

114 C

124G,.
1350.
14C.
113t.
13ýc,

1241.

1111.
11 4.

10.5.11L4.

817.

717.
4C7.

1594.
151;.

C U L i L E C
1461.

1432.
1317.
1456.
14t 2 .

1256.
1430.

1472.

1427.
12o4.
1157.
1410.

1260.
13o9.
1163.
110E.

1217.
1243.
1154.
1123.

1115.
712.
922.
834.

(49.
73 1.
456.

15.o
1?.

A T A *
20.

17.
16.
19.
19.

21.
16.
19.
19.

19.
18.
24.
20.

20.
19.
23.
23.

21.
22.
23.
20.

20.
26.
19.
18.

11.
14.
49.

2.5
2.5
2. 5
4.3

3. 0
2.5
4.0
2.5

2. 5
2.5
3.0
2.5

3.5

2.5

2.5
2.5
2.5
2.5

2. 5
2.5

2.5

2.5
2.5
2.5
2.5

3.0
2.5
2.5
2.5

2.5
3.0
3.5
2.5

3.0
3.0
3.0
3.0

2.5
2. 5
3.0
3.0

3.0
5.0
3.5
4.0

3.0
3.5

12.0

7±5.
7 24.5

5il.

0C7.

402.

1023.
42ý,1.

1050.

lOb(.

ý,2109.

425.

,,it.

104 t.
o2,4.

772.

b07.
tb7.

72Z.

620.

71I0.

74o.

7.13.

b047.
7b7.

0b4.
t21.

S64.

6t 1.
b02.
760.

531.
604.

5410. C
37.L
73.t

34.4

36. 4

24.4q

47.

34.4

*7,2

2764

45.3
33. C

31.S

51.6

71.2
71.0
d2. 6

79.4
80.C
79.2
79. 3

77.S

86. C
02. b

87. b
bo. 5

9b.E

1;7.4C
46.4s

1C2. C

1C3. C
64.2
84,C
72.S

20.L
24.5
17.1

6
6
6
3

3
0
0
C

ZAII- 0
4011- 0
1011- 6

563.
574.
449.

K-517



KUN 4.009D HSATER AJD STATISTICAL DATA

iNITIAL ltiiý lUEs- H) MAX TlMP (OEG F) TURNARUuNL 10t (SEC)

ELtV
12
24
3',
4a

bO
67
7U

71
72
7.
75
7o
77
7o
8'.
90
gb

10?
111
i2u
132
13o

lAX

615, 0

'202. 3

1501 . C
15do . 2
15y.j .0
1 5 1,#. *7
1571 . 3
iD43 . IL
1507.2
I 5oo . t
I ou . I
i602 . 3
1474.t

1421. 7
1221 . 4

9W.3. f

71c),o
704.2

7b4 . 3i
764ik . 4

i23u.2
i332 . S

6oZ . 1
i16Pis. 7
.2t60 . 5

I2bo,%

3.15 . 7

1412.0

b2 0j'. *

40o .7

At~h
64.3

1196.6
Ii4,3

1314,o
14co.3
1'2d.0

'146' .27

143c.4

l•eo.7
t2i,2
Co1'4. 7
'bo~o

MAX
b99.4
818 *9

1211.8
1276.6
1516.0
1604.7
lol 2 . 3
1533.3
15d4.1
1559.2
1522.5
1580.9
1616.7
1618.8

*9 4.4
14 t. 7
1443.0
1243.2
1123.4
922.3
730.6
718.1

MIN
632.0
789.8

1054.2
1240.0
1351.9
1423.7
1479.4
1533.3
1279.7
1345.5
1415.2
1408.7
1416.2
1431.2
1207.0
1255.7
1156.7
1065.5

923.3
711.9
643 . 9
4550.

MEAN
555.2
801.9

1106.r7
1259.3
1418.8
1486.2
1545.8
1533.3
1485.2
145898
14'5 9.1
1506.q
1506.6
1528.3
1403.7
1396.4
1309.8
1157.4
1044.8
840.4
678.6
59 1.i5

4AX
1.0
2.0
3.5
3.0
4.0
4.0
3.0
2.5
3.5
3.0
3.0
3.5
3.5
3.0
3.0
3.5
4.0
3.0
3.5
5.0
3.5

12.0

PuN

3.0
2.5
2.5

2.5
2. 52.5

2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5
2.5

2.5
2.5

3.0
3.0

MEAN
.5

2.C

2.8

3.7
3.2
2.b
2.5
2.t
2.l
2.6
2.7

2.8
2.6
2.6
2.6
3.C
2.8

3.S
3.3
6.1

0,
QUENCH TEMP (DEG F) QUL.8Cd ici 71( .EC)

tcLV

24
3-1
4o

6u
67
7u

71
72
74
7j

7b
77
7o
8a,

go

102
11i
120
132
13c

MAX

4.9
13 e

23.2
2't. * ;
17.3

19.2
21.k
19•.2
23.6
2l . 2

21.0

24. 1
23,.b
20,*C

2o.*3
14 . C
4'.,2

U.0
3.9

16.0
io . 4
17.3

IQ . 9
12.i

13.3
14t . 1
I'L .

15 .
14 . b
17.6

lo.7
II. 3
12.*4

PLAN

i9..
17.3
10 .0C
16. 0
17.7
10.5
16.1
17.3
15.7
10..'0

io.2
2U.4

i-o0

iv.2

14.t

2o. 110,6
2'•.O

A AX
049.2

711.0
d58.9
a22.6
680 .5
881.9
352.7
719.0

1077.1
1149.8
1022.7
1333 . 5
1094.2
1076.2
306.5
747.8
787. 1
o65.3
547,C
7%1.5
573 .8
549.2

MIN
599.3
687.9
785.3
830.7
866.5
614.1
825.8
719.0
789.7
809.6
951.3
837.0
924.7
823.6
684.4
658.2
630.6
569.I
535.3
530.5
550.2
437.6

MEAN
617.4
696.0
820.6
811.,
873.
R46.6

839.2
719.0
911.5
934.9
979.9

1015.2
990.6
962.1
736.5
700.1
684.4
616.3
567.7
583.9
552.4
493.4

44X
4.0

10.8
24.5
35.4
50.9
5909
63.5
64.5
63.9
64.7
44.9
65.7
51.4
68.2
73.1
82.6
90.9
98.5

103.0
108.0

28.0
48.5

PIN
3.6

Ic. o
22.6
15.3

4q.0
62.0
64. 5
27.4
17.8
35.4
12.b
27.4
31.9
'1.0
72.5
62.6
45.4

71.3
15.0
21.0

MEAN
3.9

10.4
23.7
35.3
50.3
59.5
62.7
b4. 5
49.6
37.3
39.7
39.4
42.2
4a.7

6e.5
78.5
67.*5
;7.C
94.2
74.2
24.2
2-.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42509E

Test Date: 12/11/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

879 0 C (1615 0 F), 2C 1.70 m

(67 in.)

2.3 kw/m (0.70 kw/ft)

142 mm/sec (5.6 in./sec)

51 0 C (124 0 F)

261 0 C (255 0 C - 269 0 C)

[501OF (491°F - 516°F)]

7.1 mm (0.28 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

+4% decreasing to -3% by 10 seconds and -4.5% thereafter(a)

+1% increasing linearly to +1.5%(a)

-12% decreasing to -3% by 60 seconds(a)

a. Relative to run 41909A

K-519



FLcLH7 SEASET 21 ROD BUNOLE TEST SFRIES
RUN NUMBER42509E

ROO/ELEV

24 3- 3
4C 3- 3
1C 4- 0
2A 5- 0

2A 5- 7
5C 6- 0
2D 6- 2
10 b- 4

3D 6- 4
48 6- 4
5C 6- 4
5D 6- 4

T1IITIAL MAXIMUM
CHAN. NO AT fLCO0 TEI~i'RATURE

COkf F) (OEG F)

9 1136. 1152.
10 1252. 1266.
12 1345. 1366.
16 1475. 1506.

14 1464. 1511.
3t 1305. 1351.
39 1444. 1468.
47 13S6. 1413.

50 13S3. 1434.
52 1469, 1515.
54 1373. 1408.
55 1422. 1439.

56 1424. 1444.
59 1423. 1455.
bl 1407. 1517.
63 1545. 1566.

TEMPERATURE
RISE

(0EG F)

15.
14.
21.
31.

27.
46.
23.1
17.

41.
26.
35.
16.

21.
22.
20.
20.

TUQNARI1UND 'LEth0N
TIME TEAPREATIU•E
(SECONDS) (WEG F)

QUENCI-
lIME

(SECOtDS)

1D
24
20
38

6-
6-
6-
6-

5
5
5
5

3C 6-
4C 6-
3C 6-
3E 6-

3D 6-
4A 6-
IC 7-
28 7-

3D 7-
5B 7-
28 7-
2C 7-

2E 7-
34 7-
38 7-
48 7-

5C 7-
1C 8-
2E 8-
30 a-

5a a-
5C 8-
lC 8-
10 8-

2: 8-
4B 8-
5o 8-
30 9-

4C 9-
1010-
4810-
5010-

6
6
7
7

72
75

3 A b
d 3

8

0
0

86
97
93
,?4

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

9e
103
110
111

113
B*B Au
115
120

122
124
1.2
129

133
134
135
136

138
143
145
15C

152
157
164
166

168
167
171

1591.
16 Cl.

1411.

1505.
14 ^C.
1416.
1507.

15e8.

14(0.
1410.
151d.

1305.
THE R140

12i4.
14 2.

14t6.
120.
1124.
1356.

1234.
1355.
1126.
IcG53.

1264.
1I2.

1055.

1103.
74C.

161.

b33.
7 1;.
2SC.

1621. 30.
1624. 24.

LU U P LE CA TA*
1508. 20.

1610. 25.
1452. 22.
1494. 18.
1529. 22.

1591. 23.
1427. 1.
1493. 24.
1539. 21.

1330. 25.
C J U P L E 0 A T A

1253. 2g.
1517. 25.

1490. 24.
1311. 24.
1153. 28.
1363. 28.

1259. 25.
1379. 24.
1155. 28.
1080. 27.

1297. 28.
121e. 26.
1131. 30.
1079. 24.

1128. 24.
765. 25.
911. 23.
800. 19.

b45. 12.

734. 15.
363. 73.

3.5
2.5
4.0
4.5

4.0
6.5
3.0
2.5

5.0
3.5
5.0
3.0

3.5
3.5
3.0
2.5

4.0
3.5

3.0

3.5
3.5
2.5
2.5

2.5
2.5
3.5
2.5

3. 5

3.5
3.5

3.5
4.0
4.0
3.5

4.0
3.5
4.0
4.0

4.0
3.5
4.5
3.5

4.0
4.5
4.5
4.5

4.0
4.0

13.0

662.

655.
972.

tti2.
593.
607.
u 47.

1346.
1212.
1003.
b69.

t6b,

731.
06be

879.

1277.
W7b.

'v72.
755.
7to3.
775.

b53.
745.
66b.
662.

b73.

54v2.
77,.

72b.
(71.
621.

677.

t59.

634.
t43.

f;3G.
67b.
601.
572.

573.
5 3.

613.

25.5
26,S
36.S
49.7

61.6
74.4
55.4

!)5. 4

14.1
17.6
36,.E
51. 1

5d.8

67.C
6Z.4
37.,

21.1
30.3

45.3

41.S
72. 7
b5 . 1
67. b

bl.c

73.3
64.0
61.2

o2. t

31.5

6F1. 4
c3. ,

92.6

S;3.t

91.1
101.0

sq.,t

I CO,*106.s

1C6.i
84.7
(71.7

66. C

28. 3
2Z, 5
6.3C

3
0
0
0

2A11- 0
4CII- 0
1011- 6

532.
0,

2Vs.

K-520



KUN 42509E HEATER RJD STATISTICAL DATA

I,
-.n

ELEV
12
24
39
4d
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
73
74
75
7b
77
78
79
80
81
82
84
90
96
102
111
120
132
138

INITIAL lEiP (DEG F)

MAX RAN PEAN
662.4 o22.4 t44.7
924.2 814.6 869.1

1252.3 1114.v 1157.4
1433.1 1296.3 1358.7
1532.5 i4

5
0.3 1465.9

1615.3 1439.o 152,#.9
1572.4 1466.3 1521.7
1375.t i37t.b 1375.6
1450.3 1444.3 1447.3
1405.3 13514.1# 1362.4
1514.7 1372.7 1436.7
1545.4 1423.5 1407.6
1600.5 14C5.3 15!C.3
1549.2 148o.6 1b17.4
1585.4 1422.4 14;d.0
1581.6 1561.6 1581.6
1493.6 1493.6 1413.6
1571.4 1394.7 15C2.4
158o.2 1223.5 142s.4
1400.3 1124.3 1312.6
1523.3 793.9 1132.9
1119.6 871.C IC1C.6

1098.3 739.o t 5t54.9
719.0 S6j.9 t26.0
656.7 290.5 473.6

TEMP xiSC (0EG F)

MAX MIN PEAN

4.4 3.3 3.6
8.4 0.3 7.C

20.C L3.1 16.2
20.8 19., 20.2
31.4 22.4 25.9
31.3 2Z2. 27.5
34.6 23.t 27.o
23.3 23.3 23.3

25.9 23.4 24.6
22.2 19.C 20.9
35.0 lo.3 2Z.5
21.8 16.4 19.2
30.2 14.7 20.8
22.9 lo.7 21.0
24.9 17.S 22.1
28.5 26.5 2.5
22.4 22.4 22.4

Z4.2 17.5 21.0
29.0 2.0.b 25.1
28.2 23.2 25.9
32.1 16.7 26.5

24.1 1o.6 24.4
26.2 io.2 22.3
15.1 1±.8 13.7
72.6 13.2 43.0

MAX TEMP (DEG F)

MAX MIN MEAN
665.7 626.8 648.5
930.5 823.0 876.1

1266.1 1130.7 1173.6
1452.7 131b.4 1378.9
1554.9 1474.1 1511.8
1637.4 1469.8 1552.5
1596.0 1500.9 1549.5
1399.1 1399.1 1399.1
1476.2 1467.7 1471.9
1425.9 1373.9 1403.3
1535.5 1407.7 1459.2
1565.7 1443.0 1486.8
1624.3 1424.8 1527.11
1572.2 1506.4 1538.4
1610.1 1447.3 1520.1
1610.1 1610.1 1610.1
1516.0 1516.0 1516.0
1594.9 1414.1 1523.4
1612.3 1252.5 1450.5
1434.4 1152.5 133A.5
1547.3 812.6 1159.4
1143.2 893.4 1033.3
1124.5 764.9 877.2

733.7 577.0 639.7
669.9 363.3 516.6

QUENCH TEMP (DEG F)

MAX MIN 4EA4
624.1 570.7 603.7
791.3 714.7 754.8
892.9 654.2 874.6
363.9 855.2 859.4
971.8 880.6 924.4
882.4 795.2 853.6
856.0 d1Z.2 839.7
719.0 719.0 719.0
806.8 708.5 757.7
838.0 694.4 750.0

1212.3 733.3 917.7
908.2 731.2 843.4

1277.1 770.4 908.0
913.6 812.3 880.2
971.8 754.6 883.4
930.3 930.3 930.3
432.2 932.2 932.2
d94.1 699.9 773.9
379.5 591.6 729.3
715.2 620.6 666.7
734.8 600.6 637.5
581.3 560.7 568.6
630.9 494.7 555.8
5d8.8 532.3 548.0
515.0 298.5 406.7

4AX
1.5
2.5
4.0
4.0
4.5
4.0
4.0
3.5
3.5
3.5
5.0
3.5
4.0
3.5
3.5
3.5
3.5
3.0
3.5
4.0
4.5
4.0
4.5
4.5

13.0

t'IN

2.0

3.5

2.5
3.5
-. C
3.5
3.0
2.5
i.5
2.5
2.5
2.5
3.0

3.5
3.5
2.5

3.5
3.,
3.0
3.0
4..v
4. U

TIIRNAR.u]Ut TlM6 (S 2 C)

Mt AN
1.5
2.3
3.4
3.,
3. 3
3.8

3.5
3.5
3.3
3.c
3.2
3.0
3.2
3.1
3.3
3.5
3.5

2.5
3.4

4.0
3. c
4.1
4.1
8.5

OULN6H TIME iz.EL)

MAX
5.6

12.0
27.4
37.5
52.9
64.0
63.9

53.3
57.9
66.0
66.4
67.0
6q.4
68.5

72.7

45.7
51.0
75.9
9q.5

93.6
101.0
107.6

98.8
28.3
33.0

?IN M EMA.
4.9 5.3

11.5 11.6
24.3 2b.0
3t.. 37.1

49o.7 53.t
57.4 t1.S
'.6. 57.7
53.3 53.3
55.4 56.7
4t.9 5I.7
17.o 4b.t
37.5 54.1
21.1 4v.2
4 .3 5t.2
41.9 56.3
45.7 45.7
51.9 51.9
45.0 65.u
b1.2 61.0
kt.5 S1.2

58.6 903.6
89o 102.3

C4.9 6. E
1 S. l 24.1
16.0 24.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41509F

Test D ate: 6/25/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.0 psia)

8780 C (1613 0 F), 3C 2.03 m

(80 in.)

2.27 kw/m (0.693 kw/ft)

146 mm/sec (5.73 in./sec)

52 0 C (125 0 F)

352 0 C (332 0 C - 368 0 C)

[665°F (630'F - 695°F)]

0 mm (0 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

-1.5% average(a)

+0. 2 5 %(a)

-12% decreasing linearly to -19c

a. Relative to run 41909A

K-522



ROD/ LEV

rL.iCk1 SEAL-T 21 RO0 3JN'DL1 TEST S*RIES
KU1 b•4EQ41 509F

IiI'1 I AL MA XIXiUM T':1P FRATURF TURNA RIUNn .ýUL6Cn

CHi%. Nu AT FLOLC T EPPERATURt RISE TIMr TMPR1kETLFE
Uc L r) tuEG F) 1)EG r) (SECO-NnS) t';G r)

QUcNCt
TIME

(S CJ.c S )

2A 3-
4C 3-
1C 4-
2A 5-

2A 5-
5C 6-
2D 6-
1D 6-

30 5-
43 6-
5D 6-
10 b-

21 6-
20 o-
33 o-
3C b

43E o-
4C 6-4 C 6-

30 6-

30 o-

44 ý3-

1 C 7-
25 7-

30 7-
53 7-
26 7-
2C 7-

25 7-
36 7-
33 7-
48 7-

50 7-

21 =-
30 8-

5B 3-
51 8-

1ID 9-

2C 3-

5D 3 -
3D 9-

4C Q-
1010-
4310-
5010-

3
3
0
0

7
2
3
4

5
6
3

14
33
34
4t

5C
51
5c
58

4
4
4
5

5
5
5
6

6
6

7

0
0

0
0
6
6

6

6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

7C
73
I" t

1 v

113
117
12C
121

e23
124
125
i2,;

132
i. 3.3
13.I 3o

13c

143
144
1,,5
1*0

153
155
159

161
164
166
1659

171
172
174

115j.
1311.

14 6 .13j 7.
1440.

i453.
1542.

I3 13.
1447.

1431.

.it c .2
14)4.

1544.

1571.
13c2.
143i.

1,4 t

Is12.

iSo.

i451.
12 i
311-.
13si.

1254.
1325.
locz.

1 t2.

12C8.
12cl.
IC41.

65i..

879.
767.

560.
6id.

1174.
"132 2.
139t.
1529.

1507.
1421.
14o4.
1421.

1504.
1555.
1443.
1423.

1432.
1512.
1577.
15'0.

1469.
1622.
1547.
1610.

ibj 1•.
1438.
1503.
1561.

1590.
1361.
1508.
153C.

117i.
1462 .
1575.
1523.

146q.
1335.
1072.
1414.

1272.
1345.
1103.

987.

1233.
1222.
1059.
1058.

1117.
714.
899.
783.

572.
710.
427.

20.

10.
15.
20.

19.
33.
1i.
15.

47,
13.
12.
16.

20.
15.

27.

31.
16.
i5.

17.

1Is.
19.
16.
17.

18.
19.

16.

1.8.22.

19.

18.

17.
20.
21.
23.

19.
19.

21.
22.

25.
21.
18.
19.

19.
19.
19.
15.

11.
12.
91.

4.0

2.0
2.5
3.5

3.0
9.0
2.0
2.0

10.5
2.0
2.'
2. 5

3.0
?.5

2.5
4.0

4.5
2. 0
2.5
2.0

2.5

3.0

2.5
2.0

2.0

2. 5
?.5

25

25
3.0

2.5

3. 0
3.0
3.0

3.0
2.5
3.0
3.0

3.0

2.5
2.5

3.0

3.0

4.0
3.5
3.0

4.0
3.5

14.5

422.

Occt.

c 7 '.
Za 7.
777.
74c.

731.

c34,.

74c.

772.

Co S.
71•.

77c.

77t.

1C4.

73•

713.

CCC.
C0 t i.

t74.

tb•,

to5.

504.

01
091.

551.
526.
407.
56"..

516.

413.

24.3
26.1
37.5
53. ,

o7. 4
;1. 4

1 i4.

t6.2
5 5. q.

47.4

67. 3
21. E

24.2
37.4
62.4

54.3

41.4

77. L
74. C

71.1.
7t. 7
55.4

73,.

04.CZ

Z- t

02.2
434 . C

'.2. i
(44. ',

113. C
71.

iCi. 2
100.3

Iob. 7106.1

60.7

61. C

2A11- 0
4^11- 0
1011- 6

19.4
22.5
Z1.2

K-523



XdiA 4A509F HE~ATER ROD STATISTICAL DATA

INITIAL 1UIP (LJE F) MAX TEMP (DEG F) TURNAKOUNE TInL (SLC)

L,"'

ELEY
12
24
39
4 t

60
67
70
71
72
73
7,v
75
76
77
78
79
80
81
84
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
120
132
138

MA X
741.S
937.6

1311.1
1465 .*
1508.5
±bOo.0
1598.5
1541.6
1385.2
1381. C
1458.7
1484.9
1541.6
1559.3
1606.1
1605.4
1613.1
1504.5
1571.5
1556.3
1422.3
1215.7
1097.9
895.3
698.2
b27.7

"IN
677.5
937.6

130Y.0
140o.2
141Y.1
1210.C
1464.1
1236.3
1260.6
117b.6
Ikb 7. 1
1304.5
14 00.2
14Ct). 7
1344.7
1419.1
1504.5
1362.5
1149.1
860.8

873.6
695.0
52Q.1
336.*1

PiAN
iC9.7
437.6

1'C4.1
1351.2
1452.8
1525.4
1374.1
15C2.9
1310.7
1320.8
1377.o
1366 .8
1437.2
1471.3
l5Cb.C
1510.6
1513.3
15C4.5
1490.0
1439.1
13Co.4
"5i9.4

S67.7
L09.9

,!bd.C
'26.4

MAX
745.1
942.9

1321.5
1500.9
1529.0
1622.1
1617.8
1565.7
1424.8
1416.2
1492.3
1503.C
1554.9
1576.5
1622.1
1623.2
1630.8
1521.4
1589.5
1575.4
1445. 2
1239.C
1117.2
913.0
709.8
642.5

NIN
682.6
942.9

1162.9
1325.7
1426.9
1441.9
1248.4
1484.8
1280.7
1302.7
1217.1
1317.3
1325.7
1422.7
1422.7
1360.3
1437.7
1521.4
1301.3
1171.2
1071.7

902.7
892.3
714.3
530.3
426.7

MEAN
713.6
942.9

1219.6
1406.7
1475.P
1545 . t
1399.3
1525.12
1352.7
1 3 5Q.4
1412.0
1419.5
1463.5
1489.4
1523.8
1527.7
1529.9
1521.4
1507.2
1458.1
1326.9
1120.8
985.8
827.2
598.Q
564.6

MAX
1.5
2.0
4.0
3.0
4.0
3.5
5.5
3.0
7.0
6.5
7.0

11.5
10.5

5.0
4.5
3.0
3.0
2.5
2.5
3.0
3.0
3.0
3.5
4.0
4.0

14.5

PAN
1.5
4.0

2.5
3.5
'.5

2.5

5.5

2.0
2. u
2.0
2.G

2.0

2.5
i.5

-.0
3.0
3.5

1.5
2.0

3.2
2.6
3.7
3.C
3.7
2.7
6.2
5.7
5.1
4.6
4.1
2.7
2.7
2.5

2.!
2.2
2.6
2.S
2.b
3.1
3.4

7.3

TEPP iISt (DEG Fi QUENCH TEMP (DEG F) QULNCH lIME tiEC)

MAX
5.1
5.3

19.7
16.7
27.1
22.8
38.4
24.1
44.4
42.1
47.9
67.t
47.5
36.6
31.4
19.7
18.6
16.9
19.5
22.1
22.9
24.7
20.6
19.2
11.0
90.6'

3.2
5.3

10.4
15.C
20.5
17.6
17.1
2C.7
39.6
35 . z
22.9
12.7
11.7
11.7
11.1
11.8
12.2

15 .4
17.5
18.7
17.9
15.7
15.2

9.3
9.2

PEA N
4.2
j.3

15.5
15.5
23.1
20.4
25.2
22.4
42.0
3b.7
34.3
30.7
26.3
18.1
17.9
16.9
16.5
18.9
17.1
19.0
20.5
21.4
18.1
17.4
10.9
3*.2

MAX
663.7
805.7
922.3
938.4
892.C
875.4
780.7
684.8

1252.3
486.8

1154.0
777.4
667.3

1351.3
1343.4
915.3
945.7
878.9
822.4
841.7
762.8
691.3
609.9
570.9
561.1
507.6

MIN
635.5
805.7
882.7
855.5
646.5
727.0
428.0
544.1
427.4
472.9
284.5
286.6
402.0
629.9
740.7
590.7
73o.6
878.9
66b.2
675.4
668.1
552.6
514.0
472.3
410.2
413.3

MEAN
659.6
805.7
908.0
896.3
874.7
788.e
582.3
614.4
839.9
480.0
591.7
561.3
618.4
822.8
885.e
769.1
849.0
878.R
739.9
712.3
690.4
622.6
562.9
517.9
502.6
474.4

MAX
6.0

12.5
26.I1
38.0
54.9
63.1
85.7
71.4
93.2
86.7
84.7
01.4

114.8
69.9
71.0
72.5
72.5
46.9
79.0
88.0
96.13

103.0
108.9

96.0
22.5
28.5

l jji55.2

24.3
3f.5
53.5
61.4
65.4
68.4

24.0
64.6
14.9
4S.7
2C.3
It.2
21.6
33.9
3c.4
It.b

72.0
75.5
76. Y
5(.7
60.5
19.4
21.3

5.8

12.5
25.2
37.4
54.1
62.3
70.8
t5o.

05.6
t4.C
75. 5
71.6
55.5
51.1
t3.7
56.9
4E.9
72.t
63.7
92.1
97.6
63.9
76.5
20.6
24.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43610A

Test D ate: 4/29/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions=

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.142 MPa (20.6 psia)

872 0 C (16010 F), 3C 1.83 m

(72 in.)

0.89 kw/m (0.27 kw/ft)

10 mm/sec (0.4 in./sec)

31 0 C (88 OF)

552 0 C (544 0 C - 556 0 C)

[1026oF (1012 0 F - 1033°F)]

35.15 mm (1.384 in.)

B. Summary Results:

C. Comments:

Total power: exponentially increasing from -0.2% to -4.8% by 670 seconds(a)

a. Relative to specified conditions

K-525



ROD/ELEV

FLcLC.T SLASET 21 ROD BUNDLE TEST SFRITS
RUN NUMBER43610A

TIN1IIAL MAXIMUM TEMPERATURE TURNAPnUND iUjtENCh
CHA4N. hU A I IL Ju TcMeckATURE RISE TIMF TEAtoREATUKE

(DEG F) (WEG F) (DEG F) (SECONDS) (WEG F)

2A
4C
iC
21

2A
1I
20
30

5C
10
43
5)

2A
33
3D
20

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-

6-
6-

6-
7-
7-

7-
7-
7-
7-

7-
7-7-
7-

7-
7-

7-

6-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

9
11

14
17

21
5c
53
Dc

61
63
6t
o c

70
75
7o
84

d5
6t
95
-47

I IC

11i

115

117

i21

5
5
6
6

3{U
5 C

1 .
28

30
56
2a
20

2E
34
33
48

5:

2E
4C

0
6
0
0

0
0
6
6

1040.
1112.
13CI.
1341,

14•6.

1,#35 ~.
1560.

1473.
1422.
1527.
1439.

14?6.
1564.
15 ;t.

154..

15#2.
14tC.
1555.
13S3.

T R M L

14C3.
1424.

L460.
1342.

T H E k M ri

14.o1.

131U.
1324.
14 #o).
1412.

12 61.

1521.

121C.
A149.
1126.

1177.
1141i.
ILC62.
1031.

1045.
577.
636.
746.

541.
c C.
26d.

1151.
1222.
1359.
1459.

1595.
1617.
1736.
1779.

1603.
1612.
1721.
1639.

1622.
1770.
1756.
1736.

1601.
1649.
1794.
1631.

1629.
CL L P LE D

1607.
1652.

1695.
1534.

..d P L E C
1672.

1489.
1568.
1697.
1675.

1512.
1551.
1362.
1754.

1559.
1462.
1473.
1383.

1559.
1545.
1471.
1447.

1438.
1110.
1249.
1126.

761.
1064.
693.

60.
51.
58.

119.

139.
182.
179.
199.

130.
190.
193.
200.

196.
206.
232.
193.

229.
190.
239.
238.

321.
A T A

203.
228.

235.
223.

A T A
241.

179.
243.
252.
262.

231.
300.
374.
223.

350.
313.
345.
314.

382.
396.
409.
416.

393.
533.
413.
377.

219.
413.
425.

43.5
41.5
50.0
84.0

120.0
177.0
120.0
120.0

82.5
189.0
119.0
179.0

188.0
120.0
123.0
120.0

118.0
183.0
120.0
194.0

214.0

169.0
120.0

121.0
192.0

171.0

172.0
23P.0
174.0
184.0

208.0
224.0
287.0
120.0

285.0
270.0
242.0
280.0

246.0
271.0
232.0
281.0

271.0
377.0
271.0
301.0

296.0
320.0
257.0

6o1.
712.
747.
691.

b36.
660.
bO4.
776.

b72.
o2 7.
766.

70L.

b46.
7o7.
707.
764.

769.

616.
62±.

674.

t54.
551.

626.

664.

712.

706.
t77.
666.

71 .
706.

609.

654.
b7k.

513.
46b.

501.
462.
604.

639.
6bl.

,07.

655.0
72u.

46bo
246.

QUENCH
I JME

(SECONDS)

156.4
157.4
227.9
317.E

392.7
464.7
460.6
472. b

450. t
477.7
462.6
472.t

486.6
493.5
521.C
492.4

4S3.t
500.4
504.6
513.3

657.7

553.7
5 54.6

6
6
6
6

6
0
0
6

53 5- 0
5: d- 0
IC 6- 6
10 8- 6

122
123
IZ4
127

126
131
133
130

139
141
i42

143
14S
14E
154

156
161
16)4
167

166
170
172

560.2
547.7

606.4

572.2
606.7
614.6
608.7

5d5.7
056.4
6t2.6
506.6

652. 6
641.1
bo(.5
663.c

6,0. C
699.1
662.h
714.C

705.6
b30.4
740.C
601.*5

575.f
743.C
305.0

43 6-
5D 6-

3D 9-

4C 9-
1D10-
4B10-
5D 10-

6
6
6
3

3
0
0
0

2111- 0
4C11- 0
1)11- 6

K-526



RU,i 43,310A HEATER ROD STATISTICAL DATA

:LtV
12
2',
39

4o
60
67
7o
71
72
7'.
7)
7l
77
7b

qO
96

102
111
120
132
13o

UL~v

124

3v
4b
60
b7
7u
71
72
74.
75
7o
77
78
8'.
90
Q b

102
111
120
132
13d

INITIAL TLne 40E4 F)

MAX MIN tEAN
619.( 560.6 579.6
656.0 754.3 603.9

1171.7 U05o.1 1.0b.o
132Z.C i2ii.7 1c70.2
1451.0 L297.4 1353.3
156b.9 L457.3 14db. 4
1600.4 145 .5 15 7,o
1590.1 i450 .1 ',2 '. 4

1600.08 142'..5 1523.2
15oo.5 1434.9 1510.0
1582.C 1422.5 15C.5
1576.o 1425.3 I:09.1
15 72 .3 iiu•. , 1 ;( ".0o
195 ,5.0 L3 IZ .7 146 I. 4

1 40.2 L26v.7 13c0.9
1445.2 iZ6o.7 13t2.u
1325.2 96o.1 120.5
1177.3 iC: . , I 1ICo 3
1137,.8 bglo, . 4 0
d30,3 576.0 740.d
o50.2 ý0o.3 56t..4
593,2 2b7.7 455.7

MAX TEMP (DEG F)

MAX MIN MEAN
622.5 570.6 587.8
872.7 783.6 825.8
1222.3 1124.5 1165.8
1396.0 1302.7 1342.5
1589.5 1433.4 1483.1
1720.7 1594.9 1b34.8
1778.7 1606.8 1683.4
1787.6 1607.9 1695.6
1792.1 1593.8 1691.0
1796.6 1566.3 1699.6
1796.6 1612.3 1705.4
1799.9 1622.1 1709.2
1801.0 1619.9 1704.1
1794.3 1630.8 1712.9
1695.2 1533.3 1610.q
1697.4 1489.1 1595.5
1661.4 1362.4 1556.4
1575.4 1383.4 1430.0
1447.3 1257.8 1351.2
1334.1 1073.8 1196.3
1063.5 760.7 q48.11
996.5 693.1 849.5

4UENCH TEMP (DEG F)

TURNAKOUNL TIME (SEC)

MAX
16.5
37.5
54.5
78.5
86. 5

120.0
120.0
120.0
167.0
180.0
189.0
196.0
204.0
205.0
192.0
238.0
287.0
280.0
299.0
377.0
382.0
419.0

•iN

56.0

73.5
b5.5

111.0
65.5
84.0
02. 3

1 16.0
ll. C
11c.0
120.0
12C.0
171.0
201.0
232.0
149.0
202.0

23j.0

MEAN
12.,
28.4
46.5
f5.7
61.1
.10. 4

111.6
125.9
130,7
14 5 .
146.5
151.1
154.9
155.1
190.5
245.1
25b.3
262.o
288.2
327.0
344.4

TEMP KiSt tbcb F) QULNL• TIML (sEC)LU

-1 MAX
10.4
29.*3
60, 4

90.4
130.5

153 .
17o.3
loo.7
196 . 3

21' . 1

221o.1
22o. 7
23o, 3
271.2
262.1
374.3
417.2
41o,0
540*.4
413.3
51o. 7

Ili N
3.5

1't. I?

57.b
11o.t
13o.

1't. . 2
15Z.7

120.6

163.7

201.4
191.4
17o.t

2990.7
3i3.9
294.5

312.o
219.1

P.AN
,.1

21.9
59.1
72,3

130.4

15jo

167.u

114.. 9

210.2
ZZd,5
230.0
233.5

327.6
170.7
.5o.'4
44f7. 2
id5.7
393.7

'i AX
591,1
737.7

712.1
857.2
694.2
836.4
876.5
966.5
938.3
908.9
341.9
875.9
828,6
d42.2
663,5
776,5
708,2
551.3
740.7
728.4
660,1
634.3

MIN
553.Q
662.1
629.5
746,7
667.3
775,8
797.3
751.0
764.8
760.0
732.0
731.4
750.4
707.0
53d.4
666,2
658,5
457.3
532.2
540.9
416,3
245.7

MEAN
568.1
688.7
674.1
789.0
685.2
813.1
842.6
822.8
839.3
828.0
783.4
807.6
780,3
789. P
625,3
717.6
679.1
495.9)
619.1
609.4
608.2
425.9

MAX

2.2
73.9

157,9
227.9
330.8
397.8

427.6
441.7
451.5
473.5
487.4
497.8
507.4
521.6
560,8
614.6
682.8
700.6
715.0
742.0
743.0
752.8

lION

25. 7
651.6

155.0
20o.7
317.o
391.7
416.5
'Z7.6
43C.6
443.6
472,.
463,7
491,6

5d4.b
53U.3
572.2
041.1

601.5
442,7
32b.0

MEAN
25.9
68.5

15o.9
215.8
323. 3
394.9

'23.0
433.,
442,S
463.1
478,-7
405.t

511.0
551.8
601,2

650,2
686.8

o96. 3
563.2
5b5.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42810B

Test Date: 6/23/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.137 MPa (19.9 psia)

878 0 C (1612 0 F), 3C 1.78 m

(70 in.)

0.89 kw/m (0.27 kw/ft)

10 mm/sec (0.40 in./sec)

32 0 C (89 0 F)

568 0 C (558 0 C - 572 0 C)

[1054°F (10370F - 1061°F)]

43.4 mm (1.71 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

-2% constant(a)

-1% linearly increasing to -2% by 500 seconds(a)

+7% linearly decreasing to +3% by 500 seconds(a)

a. Relative to run 43610A

K-528



ROD/=LEV

FL,..I1 SASET 21 ROD BUNDLE TFST SERIFS
KUN NUMBER42810B

lIhiiAL MAXIMUM TEMPrRATURE TUPNAROUND WtLH•
CHAN. hu A] FLLJu TrnVeKATURE RISE TIMF TtMP•cAlbk=

(LtE F) (uW G F) (OEG F) (SECONDS) (uE ý )

24

1C

2A

2A
1)
2D
3D

5.
1D
43
50

3-
3-
4-

5-

5-

6-

6-

6--
b-b-

3
3
0
0

7
2
2
2

2
3
3
3

24 6- 4
20 o- 4
38 6- 4
3C 6- 5

3E 6- 5
3C 6- 6
30 6- 6
4A 6- 6

4:
52

23

6-
6-
7-
7-

6
6
0
0

14

17

21
5C
53

5k

61
b3
6e
6 10

7C
72
75

95

97

lul
IiC
lii

115
117

12C
121

122
123
124

£27

126

13 1
133
13c

136
141
i42

143

1i6
154

156
161

1 7

IC4A.
122C.

137C.

14 t4.
141ý.

1555.

14 i.
1433.

1524.

141Ct.

143;.

112.
154k.

14t3.
15 EC .
1543.
1422.

I152.

1452.
14024.
14 tc,.

14 W2.
1307.

417.

14 75.

12 -1't.
14 i5 .
14 1 t.
1466.

1415.
131Z.

131'7 .

IlIC.
1312.
litc.
10.0.

i231.
12 3d.
1115.

1042.

75k.

1126.
1245.
1345.
1500.

1b16.
I621.
1713.
1742.

1655.
1609.
1690.
1641.

1603.
1696.
1720.
1761.

1642.
17t5.
1740.
i633.

1737.
163;.
1593.
1o5 3.

1692.
1539.
lo55.
1687.

1527.
1617.
1667.
i065.

1621.
1579.
1528.
1642.

1505.
1595.
1487.
1400.

1571.
1586.
1469.
1440.

1440.
1094.
1290.
1076.

52.
25.
45.

130.

132.
202.
201.
187.

175.
176.
161.
225.

164.
169.
155.
163.

178.
186.
197.
211.

186.
187.
169.
184.

200.
172.
198.
211.

248.
192.
210.
199.

206.
267.
330.
285.

323.
2P2.
327.
310.

341.
348.
384.
375.

348.
495.
384.
318.

3D 7- 0
53 7- 0
28 7- 6
2C 7- 6

46.5
21.5
47.0
80.5

82.5
187.0
153.0
148.0

196.1
118.0
150.0
219.0

197.0
153.0
117.0
116.0

192.0
120.0
143.0
228.0

114.0
19?.O
143.0
120.0

119.0
180.0
143.0
143.0

281.0
192.0
151.0
148.0

18q.0
229.0
325.0
191.0

298. D
280.0
194.0
233.0

199.0
233.0
281.0
281.0

282.0
314.0
293.0

196.0

383.0

218.0

"o7.
6bL.
6v4.

ol.
74.
t33.
646.

bt7.
7cC.
737.
7.14.

76C.
601.
722.
73,.

76 C,.7cl.

bo-.

7:4.
7b4.

5",o.

63..

64C.

611c.

C0l.
C5s.

665.

L4'..

744.

b73.
616.
71t.

bo4.
b53.
D13.

57-.

312.

QUNC H

{S CUNOS

lot).

220.o

4i1S. 4

390.7

5CL. L

14 * 7.
4 C2. t

513.7
53t. 2

517.7
531.t
5L6.7

ý,2 4. 11

531.t
544.o
.s44. 7
539.

138.1

5 to t

:oto. 0

532.t

641.c641.e

6t4 5. I

635.4
631.,

624.7
6s1. 2
6o9. 7
675.S

b~i6. 7
677.4
715.C
7 C7. 4,

722. 1
71o.4
6o3 . 3
727. C

7,E4. 6

719. C

730. C

2-
3A
33
48

5=
1 :
2E
3D

5B
5'.
IC
iD

2:
46
53
3D

7-
7-
7-
7-

7-
8-

8-

8-

6--

6--
8--
8--

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6

3

0
0
0
0

4: 9-
1L)13-
4810-
5210-

2A11- 0
4:11- 0
1011- 6

166
76 Ab
172

556.
T HL k k 0

2217.

605.
C U U P L E D

705.

250.
A T A *

467.

595.t

4510. L

K-529



kUN 428108 HEATER ROD STATTSTICAL flATA

MAX TEMP (DEG F)INITIAL TkMP CUEG F) TURNARuOUii TIME (SIC)

ELcV
1z

24
39
46
60
67
70
71
72
74
7:)
76
77
7o

8%
90
9b

102ilOl111.

120

132
136

ELEý

12
2t
39

4o

67

7?u

71
72
74
75
76
77
7o

84
90
96

102
111
120
132

138

MAX Mii p LAN
6Zo.9 540.7 !7%.d
871.6 760.0 606.6
L220.2 IC73.6 1118.0
1366.6 124o.4 12S7.0
14V1.2 1343.5 1392.t)
1564.1 1473.C 16Co.9
1612.3 ±47oo4 1538.6
1597.1 1404.4 1503.7
1473.0 1413.0 1453.9
1554t.9 14ly.4 1500.1
1569.5 1%16b.Z IýCY.4
1600.3 L43o.6 150o.o
1598.1 137o.2 15CO.6
1579.6 141t.9 14o5.7
1499.6 L330.3 142b.3
147o.2 1Td7.b 1406.4
1362 . 112.17 129g.4.
1237.9 Lubo.i 1154.9o
L092.3 032.t iC25.o
905.8 599y. 4 71,1.7
584.4 510.4 552.1
6299g ?37.1 433.3

PIAX MIN MEAN
632.C 551.4 580.8
888.2 797.1 828.9

1245.2 1125.5 1165.6
1431.2 1319.4 1363.3
1614.5 1463.4 1515.1
1720.7 1607.9 1640.7
1765.3 1618.8 1685.3
1764.2 1607.9 1681.3
1650.5 1584.1 1632.b
1775.4 1621.0 1587.2
1751.9 1609.0 1682.5
1754.2 1602.5 1674.2
1760.9 1597.1 1682.3
1765.3 1607.9 1679).1
1694.1 1469.8 1608.3
1686.5 1526.8 1622.6
1649.4 1505.2 1587.12
1586.3 1400.2 1497.8
1439.8 1247.3 1351.7
1345.6 1075.8 1199.1ý

805.4 748.3 771.8
995.4 704.6 851.7

4UEN•d TEAP (DEG F)

MAX

16.5
43.0
50.5
77.0
83.0

115.0
117.0
193.0
151.0
200.0
219.0
708.0
209.0
229.0
I92.0
281.0
325.0
299.0

317.0
383.0
443.0

6.5

21.5

4c.0

c 1. 6

117.0

117.0
1 It. Q

C'.5
143.0

19o3. U
196.0

154.0
11C.0

MEAN
13.4
30.4
40.9

7%. 3
74.3

96.9
(v4.9

131.1
136.8
164.5
152.4
159.3
164.*6
Ito. ý

14:, . 4
190,0

237.1
3o*.C

255.3
352.2

TEMe Ki.'jc 0EG F)Ln

0

0J•,i•H T~mt (SEC)

MAX
11 . 7
32.2
62.3

130. C
145*.6
154.* 6
203.5
19d. 7
238.9
224.5

217.9
214.7
204.7
259.0
329.6
3a3.6
375.3
495.7
249.*6
510.*4

MIh
3.1

149.4
25.0
45.*

121 .0
135.2

167.I
166.5
150j.2
153.(,
143.4

174.0
131.J
19,y 4

266 *

30o.9
2
bo, 3

31a.2
177.4
2zbd7

PEAN
9.0

22.3
4o.9
tb6.4

123.1
133.o
146.7
117.6
17o.7
167.1.
173.1
165.6
ici.7
193.4
162.0
i14.0
2e6.9
3402.9
325.6

219.6
41lo.4

MAAX
o04.8
634.5
679.8
757.0
678.0
o38.7
d68.1
90 a .0
885.1
991.4
880.1
821.0
639.2
823.7
644.4
750.8
713.8
562.4
644.0
612.d
695.8
672.0

MIN
545.0
604.3
5d7.0
694. 1
659.2
779.0
749.6
762.1
766.2
550.1
732.6
685.3
707.4
681.1
590.4
638.6
611.3
436.9
519.4
527.4
547.0
311.6

MEAN
566.3
624.6
617.ý6
725 . 5
669.9
8 1 4. 4
752.4
819.0
820.2
761.4
76 7. rl
755.3
752.8
755.1
615.5
680.3
662.5
511.4
592.2
566.8
620.9
475.6

1AX
26.5
77.8

172.0
232.8
345.*8
415.6
453.7
502.5
476.4
514.7
53 .2.
531.6
542.6
550.7
594.6
645.7
696.7
722.0
733.9
765.8
598.9
774.7

PIN
2'.5
72.3

164.8

339.•

461,o
471.4
4Z6.b

514.6
532.o

461.0

570.7

624,7
673.9
oC9. 3
567.6
690.7

529.3
It5 q.0(

IiL A1425.9

74.*7
166.1
231.0
342.5
412.9
446.1
461.0

470. C
500.9
511.6
5 21.0C
530.5
642.9
583.5
635.•1
662. C
7CZ.O
722.5
743.0
574.7
650.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43110C

Test Date: 8/29/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.137 MPa (19.9 psia)

8710 C (1600 0 F), 4C 1.70 m

(67 in.)

0.89 kw/m (0.27 kw/ft)

10.3 mm/sec (0.405 in./sec)

29 0 C (84 0 F)

526 0 C (517 0 C - 535 0 C)
[979OF (952 0 F - 9950F)]

29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow: +2.5% for 80 seconds, linearly changing to -2.5% by

440 seconds, and +2.5% thereafter(a)

Total power: +1% constant(a)

Housing initial

temperature at

midplane: approximately -5%(a)

a. Relative to run 43610A

K-531



R3O/ELEV

IL.6HT SEAScT 21 40O RUNDLE TEST SERTIS
kUN NUMBER43110C

ThrIIIAL MAXIIUM TEMPERATURE TURNAROUND QLthCH
CHAN. Nu Al ELUJU T1t'cRATURE kISE TIME TIrPIREATUkE

(DEL F) ia.rG F) (iEG F) (SECONOS) (OtL F}

2, 3-
4: 3-
1C 4-
2A 5-

2A 5-
1) 6-

2) 6-
3D 6-

3
3
0
0

7
2
2
2

2
2
3
3

4
4

5
5

b
6

60

0
0

0
0
6
6

9

14
17

21
5c
5.3
5e

oc

03
o3

70
75
64
35

o C
95

97

6
6
6
6

101

lic

115
i17

12C
121

122
123
124
127

12C

131
i33
136

136
£39

141
142

10 Id.
li(c.
1342.
1371.

14id.
14 tt;.
14S42.
1551.

15to.
146 ,.
1447.
14ts.

144o.
1513.
1544.
15 ...

1504.
'L1,14 .
1547.
14 2.

1,23.

14 2i .
143 .

14C•.
13 i.

14 '4 .
1416 .

1321.
1427.

14tI.

1439.
13CC.
1237.
1355.

1217.
13t2.
1121.
iC 4C.

1dERI•U

114:.
let~3.

932.

595.

7(5.
6t2.

520.
5 30.
4 ' '.

1138. 50.
1246. 41.1

1406. 64.
1504. 133.

1600. 112.
1585. 126.
1691. 199.

1711. 160.

1673. 113.
1634. 174.

1587. 140.
1587. 119.

1579. 130.
1697. 124.
16o4. 140.
1755. 162.

1597 . 93.
1763. 189.

1723. 176.
IblS. 163.

1735. 167.
1620. 97.
16J4. 171.
l057. 218.

1695. 227.
1552. lq.
1659. 206.
1692. 214.

1518. 198.
1617. 190.
1653. 223.
1678. 217.

1610. 171.
1570. 271.
1531. 294.
1647. 292.

1499. 282.
1592. 229.

1512. 390.
1432. 393.

C d L P L E O A T A
1487. 342.
1478. 395.
1432. 501.

1379. 390.
1026. 431.
1231. 436.
1035. 373.

720. 200.
911. 451.
t92. 237.

64.0
35 *.0
63.5
80.0

86.5
171.0
147.0
116.0

68.5
148.n

164.0
201.0

136.0
71.5

121.0
115.0

197.0
117.0
115.0
131.0

115.0
79.0

148.0
129.0

120.0
192.0
131.0
135.0

25q.0
135.0
132.0
127.0

122.0
18q.0
277.0
194.0

212.0
228.0
172.0
196.0

136.0
292.0
285.0

230.0
3q4.0
229.0
2q2. 0

195.0
217.0
311.0

725.
702.
719.
724.

o24.

772.
513.

654.

672.
1o.i.

7oO.
733.

707.
70L.
72 3.

t62 b.
713.
71t.
715.

76b.
7b.
503.
'22.

53 5.
674.
050.
621.

5ýo 3.

olq.

61b.

o57.
t33.
t3t.
o71.

656.

512.
461.

4c2.

576.
547.

650.

536.
630.

ý,8Z.

'44 1.
54b.

QUE hC
TIME

(SECONOS)

150.
166.t
229.t
335.6

3,,i. 1
502.7
511.t
509. b

511.7
4 71 . 5
514.t
515. 1

495.7
513.7
529.7
524.7

513.9
535.3
540.7
53b. 3

531.E
524.7
565.e
573.7

573,C
546t. C
OJ9. 7
625.3

617.4
541.4

610.6
625.2

5o6.7

652.7
664. 5
6,8.9

639. k
631.7
671.6
65o.1

67t.1
647.4
7G0. 3

be9.C
641.3
716.7
614.1;

b00. C
714.9
bGO.C

6
0
G
0

58 A- 0
5C i- 0
IC 5- 6

1D 3- 6

2C 8- 6
48 8- .6
50 3- 6
33) - 3

4 C 9- 3
1013- 0
4310- 0
5010- 0

2A11- 0
4C 11- 0
1011- 6

14 5
14t
154

15t
161
167
1o7

i70
172

K-532



RkN doJ110C HEATER ROD STATISTICAL DATA

MAX TEMP (DF.G F)INITIAL TIMP (OIiG t) TURNAAJUNL TIME (SEC)

ELEv
12
2,4

39
4o
bO

67
70
71
72
74
75
7o
77
7o
84

96
102
111
120
132
13o

ELIV
12
24
3 1
40
6 U
67
70
71
72
74
75
7o
77
7o
64
q0
9o

102
1li
120
132
13b

MAX
o24.6

L205.6
13oo.7

1375.0
1o.003
154,o.
1541.9
1 49a. 4
1575.4
1598.I
bou0. 3

1574.4
147o.2
I 47o . 4
1 370, 6
1155. 7
1010.*

922.3
530.0

534.3

MIN

o03.3
I05o .3
l217.0
1364 . 5
1, . C
,40?- . 3
i43'o .6

1430.7
14#7.3
1437. 7
±4t10 . 2
1400.2
1221 . 2
1320 *
1217.1

I71,0.oob0 .6

471.0
45,t.0o

5EAN
f45,5

1119.7
1323.1
1330.1
1!C4.0
1!4i.6
LiSCd.o
1400.5

1'C7.3

11,23.6
1±2o.6
I5C5.0
13C2.3

1113.2
461.2
723.4
t5l).4
479.o

MAX
629.9
896.6

1246.3
1444.*1
1532.2
1725.2
1759.8
1751.9
1662.5
1737.4
1730.8
1739.7
1755.3
1763.1
1702.9
1643.0
1662.5
1558.2
1432.3
1287.0
981.C
866. 1

MIm
557.8
830.2

1107.8
1367.7
1492.3
1576.5
1615.6
1607.9
1637.4
1575.4
1584.1
1578.7
1590.6
1594.9
1420.5
1518.2
1498.7
1432.3
1177.5
1026.4

680.4
666.8

4EkN
5827.
865.4

1172.,1
1402.13
1509.5
1623.7
1689.•
1674.5
1649.q
1656.8
1650.0
1648.3
1662.9
1658.6
1612.1
1633.9
1589.2
1499.0
1340.1
1173.9
790.0
772.3

MAX
17.0
36.0
67.0
70.0
87.5
110.0
120.0
124.0
119.0
227.0
201.0
221.0
197.0
219.0
192.0
759.0
278.0
292.0
285.0
394.0
217.0
311.0

P114

27.5
35.0
63.0
81.0

7C.0
97.0

1C5.0

60,5
65.5
6 7.5i

7 L.5
7S.0
117.0u
122.o
14 1.0
136.0
195.0
107.

I 7,.0

MEAN
11 .51
30.5
51.6
88.5

d 3. C
492. 6

104.9
113.0
102.5
147.4
132.9
119.1
144.2
137.3
144.0
154.8
204.4
226.5
232.o
282.9
2C7.C
252.8

TEPP K1S• (WtG F) QUENCH TEMP (DEG F) QULNori TIM (SEC)

MAX
9.8

2o. 9
73.7
90.5

157.2
124.9
169.2
210.0
176..
19d. 5
140. C
150.3
174.4
209.q
250.2
223.2
301 .2
402. 5
50C0 • 8
551.1
451.0
367. 4

191 .1
5.3

1j.5
40.7
04.L

127.0
112.3
123.t
120.2

113.1
61.1
71 . 4
903.0
97.4

272.3
171.14

341.o
26b.6
349.0(
11,0.0
2(;o.t

PLAN
7.2

20.u
52.4
79.1

139 .4
11,4. a
147.9
18e5 .6
IoI.4
149.5
121.9
124.5
142.1

2C3.t
27o.7
1e5.4
378.4

45C.o
27, .5

MAX
589.1
659.4
724.9
719.2
773.6
907.4
399. 1

919.1
795.6
779.6
787.7

7d8.3
674.1
701.9
676.6
576.4
634.3
650.1

7o2 . 4
5,.7.8

MIN
546.5
628.6
633.8
698.6
720.6
789.2
814.6
705.5
886.7
553.0
676.3
693.7
690.1
643.3

521.6
593.5
602.0
460.6
524.7
359.2
441.0
242.5

MCAN
564.P
646.4
690.6
709.6
739.5
836.11
848.5
316.
902.?
687.1
725.9
728.8
728.7
727.1
5814.7
647.9
637.6
495.7
574.5
549.0
538.2
363.e

MAX
29.9
78.9
166.8
231.8
335.6
399,7
446.6
456.7
447.3
511.7
524.7
523.7
544.3
550.7
57R.9
625.3
666.7
692.3
700.3
721,0
714.9
704.0

25.2
74."'

150.6
224.7
32t.8
392.7
429.7

44C.6
441.4
492.0
4St.4
4S5.7
513.9
523.6
54t.0
545.9
631.7
647.9

602.0

34C .0

MEAN
20.6
77. 1

160.1
Z29.4
333.1
397.4
440.0
q4'1. 4
444.4
102. 6
513.6
514.4
.,26. 0
534. 4

602.7

670.1
67 1. 3
670,5
572,8

:ý4. 4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42910D

Test Date: 10/21/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.143 MPa (20.7 psia)

877 0 C (1611 0 F), 3C 1.78 m

(70 in.)

0.89 kw/m (0.27 kw/ft)

10 mm/sec (0.40 in./sec)

31 0 C (88 0 F)

538 0 C (529 0 C - 547 0 C)

[1001OF (984°F - 1061°F)]

79.5 mm (3.13 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+3% decreasing to -2% by 40 seconds and constant to 280

seconds; ±0.5% thereafter(a)

+0.5% increasing linearly to +,%(a)

a. Relative to run 43610A

K-534



ROVIELEV

FLECHT SEASET 21 ROD LU4)LE TEST SERIES
RUN NUP8ER42910)

TI4[TI&L M&AIMUM TEMPEZ4TURE TURNAROUND OUE4CH

CHAN. NO AT FLOOD TEMPERATURE RISE TIME TEIPREATURE
I)EG F) (DEG F) (OEG F) (SECINDS) (DEG F)

24
4C

24

24
20
30
5C

1)
44
5.3
24

3-1
13
21
3C

3E

30
44

4C
5:

1C
23

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-
8-
8-
8-

3
3
0
a

7
2
2

2

3
3
3
4

5
5
5
5

5
6
6
6

6
6
0
0

0
0
0
6

6
6
6
6

6
0

0

0
0
6
6

6
6
6
3

7
9

10
13

16
50
55
59

61
66
68
70

82
R 8A

P5

q6
97

09

1065.
1189.
1'333.
137Q.

1462.
1526.
1532.
1526.

140q.
1548.
1464.
1460.

1116.
1231.
1360.
1521.

1574.
1671.
1729.
1639.

1631.
1689.
1592.
1617.

51.
45.
57.

1 3.

112.
145.
1?6.
113.

161.
141.
128.
156.

n T4 E R " I C I U P L E D A T A *
1455. 1619. 154.

n T '4 E Q M 0 C 9 U P L E I A T A 40
1600. 1763. 153.

1495.
1519.
1556.
1466.

1621.
1763.
1732.
1635.

1?6.
174.
156.
159.

101
103

111

2E
34
33
48

5C
Sc

2E
30

5R 8-
5C 8-
iC 8-
10 9-

2C 8-
48 8-
50 8-
3n 9-

4: 9-
1010-
4310-
5010-

115
117
121
122

123
124
125
128

12Q
132
134
137

139
140
141
142

143
145
148
155

1 S7
160
163
166

167
169
1 70

1570.
1521.

T 4E R M0O
1437.

1466.
1340.
1459.
1475.

1331.
14415.
1499.~
1472.

1440.
1232.
1254.
1396.

1258R.

1153.
1143.

11)7.
123R.
1152.
105P.

1057.
615.
850.
791.

548.
6?9.
36 A.

1737.
1632.

C 0 U P L E D
1675.

1682.
1527.
1668.
159C.

150C.
162C.
1697.
1673.

1598.
1540.
1484.
1647.

1538.
15 8*.
1507.
1502.

1555.
1539.
1477.
1469.

1431.
1075.
1276.
1147.

803.
1U12.
664.

167.

A T A

737.

216.
187.
2)9.
'14.

159.
175.
239.
231.

158.
247.
2?0.
252.

750.
217.
35S.
359.

357.
330.
325.
411.

374.
450.
426.
357.

Z56.
383.
275.

51.5
46.0
54.5
92.5

111.0
64.0

107.0
98.5

136.0
101.0
167.0
134.0

169.0

104.0

134.0
104.0
103.0
134.0

101.0
77.5

122.0

112.0
144.0
139.0
137.0

175.0
167.0
126.C
138.0

136.0
176.C
244.0
141.0

213.0
174.0
169.0
204.0

174.0
138.0
200.0
249.0

253.0
310.0
280.0
280.0

196.0
289.0
312.0

833.
815.

565.

579.
590.
679.
669.

715.
723.
721.
656.

730.
642.
663.
731.

621.
733.
511.
596.

44C.
531.
572.
589.

609.
722.
554.
649.

576.
535.
565.

711.
706.
773.
759.

881.
791.
249.
801.

849.
732.
780.
773.

807.

823.

735.
802.
728.
778.

OUENCH
TIME

(SECONDS)

150.8
151.5
2C5.8
322.8

385.6
460.7
629.0
464.9

460.8
475.2
472.8
480.4

476.7

481.8

494.8
492.8
5C1.8
507.7

495.7
494.8

523.9

528.0
530.0
561.8
594.4

569.6
555.7
559.9
585.0

556.6
629.2
620.6
607.1

630.3
600.8
655.8
649.8

664.U
667.1
653.9
670.9

671.1
583.9
706.9
619.0

617.7
706.7
456.6

3
0
0
0

2411- )
4C11- 0
1011- 6

K-535



QUS 42910D HEATER RO0 SrArrSTICAL DATA

ELEV
12
? 4
39
43
60
57
7J
71
72
74
75
76
77
73
44

90
'36

192
111
1ýj
132
133

INITIAL TEP ()3ES F)

MAX MIN MEAN
610.5 544.5 567.2
791.4 761.q 776.6

1185.4 1013.1 1104.6
1303.3 1284.5 1293.9
1492.5 1364.1 1411.5
1598.9 1462.5 1510.3
1611.4 1517.7 1564.6
L555.1 1555.1 1555.1
1595.1 1385.1 1525.2
1569.7 1430.' 1508.2
1547.5 1464.0 1500.5
1555.3 1460.3 152R.3
1600.5 145.0 1517.2
1559.6 1447.9 1525.7
1465.7 1311.1 1402.9
1488.2 1330.6 1419.0
1412.1 1245.4 1329.7
120F.3 11C7.1 1156.6
1070.3 925.4 1016.0

WO.( 615 . 740.0
6?8.9 547.7 584.7
579.7 36P.4 47Q.4

TESP RISE (3=G F)

4 a MIN lEAN
6.9 0.3 4.2

2.0 17.1 24.0
51.0 45.2 49.1
57.0 53.8 55.4

142.6 lc.9 L28.3
111.9 107.' 109.8
138.2 131.6 134.9
167.8 167.9 167.8
179.5 135.8 148.9
156.5 112.7 154.4
151.4 127.6 145.2
137.7 122.1 150.4
192.0 125.9 155.6
116.2 110.0 159.1
230.4 116.9 ?03.2
214.3 117.3 179.2
262.4 216.0 244.6
358.6 291.2 311.7
410.8 243.4 335.1
485.3 366.R 432.8
383.3 255.6 300.2
370.4 250.6 ?99.9

MAX TEMP (D-G F)

MAX MIN MEAN
611.0 550.3 571.6
808.5 789.8 900.5

1Z3C.b 1114.1 1153.6
1360.3 1338.3 1349.3
1601.4 1497.6 1540.1
1706.2 1574.4 1620.1
1743.0 1655.9 1599.4
1722.9 1722.9 1722.9
1735.2 1564.6 1674.2
1741.9 1592.7 1662.6
1689.7 1591.7 1545.7
1759.8 1611.2 1578.7
1763.1 1599.1 1672.8
1763.1 1617.8 1584.8
1705.1 1502.0 1606.1
1697.4 1470.9 1599.2
1674.5 1483.7 1574.3
1554.9 1399.1 1488.3
1468.7 1177.5 1351.1
1275.5 1074.8 1172.8
1011.9 803.3 384.9

950.1 663.6 779.4

QUENCH TEM0 ()E3 F)

MAX MIN4 MEAN
566.7 541.2 551.1
647.1 631.6 539.0
711.4 641.3 6S6.1
773.4 713.6 743.5
765.9 719.9 748.2
881.0 861.4 971.1
874.9 859.1 967.0
782.7 782.7 782.7
963.7 696.3 793.3
850.4 57R.9 749.8
848.8 729.9 777.2
860.6 546.4 761.0
823.3 735.4 793.4
574.4 728.3 797.5
678.6 545.7 592.1
730.0 622.9 584.0
733.4 604.3 664.6
586.0 473.2 518.9
609.3 476.4 561.8
721.9 475.4 586.3
576.3 505.0 549.6
565.3 247.9 434.7

TUANAR3UND TIIE (SEC)

MAX 414 MEAN
12.0 .5 7.7
35.0 29.0 31.8
52.5 46.0 50.0
•5.5 54.5 55.0
92.5 58.5 78.5

111.0 64.0 94.0
121.0 65.5 93.3
110.0 110.0 110.0
144.0 73.5 101.5
168.0 69.0 116.7
169.0 101.0 135.2
169.0 96.5 122.4
178.0 104.0 135.3
169.0 77.5 118.3
144.0 71.5 l18.z
175.0 65.0 139.5
282.0 137.0 191.3
247.0 138.0 183.9
290.0 202.3 233.5
330.0 156.0 278.1
288.0 196.0 233.3
3fI.0 284.0 311.0

QUE4C4 T14E (SEC)

MAX 1I1 MEAN
22.7 19.4 20.6
65.8 64.5 f5.2

153.5 150.8 151.9
217.7 205.8 211.7
322.8 316.3 320.6
385.6 379.8 383.4
412.6 405.6 409.1
444.8 444.8 444.8
447.0 426.6 433.?
481.0 422.6 461.2
475.2 46J.8 473.9
492.6 468.8 482.8
503.8 476.7 488.6
507.7 474.1 493.5
542.7 517.9 525.9
594.4 525.6 562.1
648.9 598.8 614.4
667.1 649.8 659.3
657.0 641.8 666.0
71(6.9 583.9 662.9
706.7 597.8 61U.7
730.0 456.6 586.4

U.

FLEV
12?
24
39
43
63
6s7
73
71
7?
74
7575
76

77
73
94
93
96

102
111
120
132
138



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41810E

Test Date: 12/6/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.141 MPa (20.4 psia)

872°C (1601"F), 2C 1.70 m

(67 in.)

0.89 kw/m (0.27 kw/ft)

10 mm/sec (0.41 in./sec)

31 0 C (88 0 F)

538 0 C (529 0 C - 5440 C)

[1001oF (9850 F - ili°oF)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

approximately +1.0%(a)

0% increasing linearly to +2 %(a)

a. Relative to run 43610A

K-537



ROD/IELEV

2A 3- 3
4C 3- 3
1C 4- 0
24 5- 0

2A 5- 7
5C 6- 0
2D 6- 2
ID 6- 4

3D 6- 4
48 6- 4
5C 6- 4
5D 6- 4

10 6- 5
2A 6- 5
2D 6- 5
38 6- 5

3: 6- 6
4C 6- 6
3C 6- 7
3E 6- 7

3D 6- 8
4A 6- 8
1C 7- 0
28 7- 0

FLECHT 5ASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER41810E

TINITJIL MAXIMUM TEMPERATURE TURNAROUND QL~i~h
CHAN. Nu AT FLCUD TEMPERATURE RISE TIME TL1PKEATUic

(016 F) (OEG F) (DEG F) (SECONDS) (v66 F)

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

72
75

,,, B A4 b

'3

86
d7
93

94

103
110

ill

113

115
120

3D
5B
2B
2C

7-
7-
7-
7-

0
0
6
6

11 s4.
12 " b.
13ti.
14sb.

1524.
143t.
151d.
1472.

1411.
1537.
1404.
14tid.

14ki.
14t5o
1537.
I,,t.

1540.
154S2.

THERMG
1514.

1516.
145.
1'. 2.
15c2.

1553.
1426.
1466.

14 03.
1H•RMU

12 1.
15C3.

14it5.
133S.
1271.
1361.

13C8.
1306.
1177.
11C.

12sCe
1223.
1175.
IC12.

6 3.
6•1.

554.
654.
33C.

1230.
1288.
1431.
ibOl.

1630.
1635.
1729.
1634.

1758.
1723.
1652.
1648.

1642.
1654.
1709.
1749.

1771.
1752.

C 0 L P L E C
1687.

1770.
1630.
1605.
1672.

1741.
1599.
1669.
1694.

1603.
C O L P L iC

1621.
1711.

1656.
1574.
1539.
1675.

1577.
1635.
1514.
1490.

1640.
1592.
1557.
1437.

1472.
1112.
1310.
1019.

777.
1084.

774.

55.
30.
67.

103.

106.
199.
211.
162.

267.
186.
188.
161.

152.
169.
172.
170.

181.
160.

A T A

173.

193.
171.
123.
171.

188.
173.
183.
178.

194.
A T A

370.
208.

171.
235.
268.
293.

269.
249.
337.
340.

349.
369.
382.
425.

407.
443.
457.
332.

224.
430.
444.

56.5
30.5
6q.0
73.5

q5.0
135.0
141.0
196.0

151.0
142.0
203.0
218.0

196.0
211.0
149.0
135.0

130.0
136.0

196.0

140.0
198.0

93.0
89.5

130.0
127.0
137.0
137.0

194.0

149.0
136.0

131.0
200.0
216.0
152.0

210.0
169.0
194.0
199.0

191.0
140.0
223.0
210.0

223.0
225.0
233.0
244.0

450.0
323.0
278.0

60G.
703.
7o2.
645.

743.
23z.
650.
736.

2JO.

757.

752.
704.
750.
C4'.

591.
731.

761.

744.

5o3.
564.

bbO.

663.
653.

6a 3.

55i.
675.

097.

t74.
65 1.
697.

570.
646.
566.
513.

005.
'37.
572.
t 12.

5¢~t.
~4 ý..
571.

5b 9.

49 1.
496.

QUEhC
TIME

iob.ý
175.1
226.1
335.1

407.t
7S4.C
526.4
525.t

7ob. C
515.S
507.,
536. 6

534.2

544.6
542.*

547.t

559.5

573. C
ý73.t
576.2

n~b4. c
5;t.t
632.t
601. 7

2E 7- 6
3A 7- 6
38 7- 6
48 7- 6

5C 7-
iC 8-
2E 8-
3D 8-

58 a-
5C 8-
10 8-
1D 8-

2C 8-
48 8-
5D 8-
3D 9-

4C 9-
ID10-
4810-
5010-

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

122
124
126
129

133
134
135
136

138
143
145
150

152
157
164
166

166
17o
171

670. E

7GCb. t
622.

b2ij. b
67C.t
677.7
663. ;

672.1-
001.7
712.S
726. C

710.6
713.1
702.s
71c.C

720. t
7,3.t
7:?2. .y
641.2

623.7
752.C
7C4. 4

2All- 0
4C11- 0
1D11- 6

K-538



RUN 4810E HEATER ROD ýT&TISTTCAL DATA

INITIAL Ti;MP ([jLC ( F) MAX TEMP (DEG F) TURNAIKUUhL TlMr (SLL)

U,

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
136

ELEV
12
24
39
46
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

MAX
643.1
925.1

1258.1
1428.8
1545.0
1605.0
1595.8
1466.3
1517.9
1480.3
155U0.3
1569.3
1592. C
1583.4
1576.4
1571.C
1507.7
1557.4
1569 . 3
1416.C
1523.3
1090.0
1157. 5
654.3
573.3

MIN
609.i
o43.S

1153.7
i342.2
14b9. do'
1492.1
1542.3
1i4063
i510 .
1100.3
1463 . 5
1462.* 4
146o.9
1!)13 . 6
145d. b
1571.C
1507.7
1416. C
1251.2
1271.1

7S4.2
904.5
599.1
451.7
330.5

MEAN

C32.1
EEC.9

1187.2
1Z78.4
1 SIC .8
15 49.8
1 tto.9
14t6.3
1 '17.3

1 470.0
14b9.6

1 32.3
1543.9

1 'Cd.7
1571.0
1'C7.7
I 5CI.9
1459.6
1361.6
11 k7. 4

999.8
EC5.5

451.9

MAX
652.0
936.7

1288.0
1499.8
1658.1
1746.4
1764.2
1647.2
1729.6
1654.8
1736.3
1748.t
1770.9
1751.9
1769.6
1773.1
1694.1
1751.9
1766 . 4
1701.8
1728.5
1503.0
1497.6
1084. 1
836.5

MIN
617.3
866.5

1195.2
1429.1
1601.4
1629.7
1736.3
1647.2
1728.5
1630.8
1634.1
1619.9
1640.7
1655.9
1629.7
1773.1
1694.1
1597.1
1575.4
1538.7
1150.5
1257.8
1019.1

686.8
774.2

4FN
639.4
896.4
1234.8
1453.4
1622.5
1685.5
1750.B
1647.2

1729.0
1643.9
1674.1
1665.7
1695.5
1697.7
1683.5
1773.1
1694.1
1675.6
1666.1
1632.8
1524.3
1389.2
1248.7

820.0
806.3

MAX
15.5
30.5
65.5
72.0
73.5

143.0
13Q.0
167.0
142.0
216.0
218.0
219.0
222.0
21B.0
223.0
141.0
197.0
143.0
1q4.0
216.0
227.0
258.0
314.0
450.0
366.0

P IN
11.5
18.5
2C.5
61.5
65.9

91.0

1 1. C

191.0

142.0
135.0
13C. 0
13S.0
140.0

141.u
1s 1.c

oc.5
1 3C.0
152.0
131..
177.0
210.0
2iO.c
2 7t. 0

ME At,
13.C
24.5
48.9
67 .'
69.7

107.2
167.C
141.* 5
199.3

1*8 4. b
192.C
1 6b .5
172.C
169.8
141.0
1;7. C
113.3
150.1
176.S
191.4
214.7
256.b
329.t
322.C

TcMP kivSt WEG F) QUENCH TEMP (DEG Fl OULNi-H liML (5LL)

MA X
d.9

22 *6

63. b
86. *

118.5
165.6
221.9
180 .9
212.L
169.5
188.1
179.3
198.b
172.cp
209.1
202 . C
166.,*
201 .
369.6
293.5
382. C
424.*9
505.7
429.8
443.7

Mi h
5.b

11.6
2,.9
66.S

103.4

156 . C
180.9
210.6
150.5

160.5
129 *6

110.9
120.7
126 *

202.0
i0b .4
122.8
170.6
23ý .3
205.2
346 fa
332.2
223.1
265.2

PEAN
7.3

15.5
47.7
14.9

111.6
135.7
161.9
Id0.9
211.7
173.9
175.5
154.3
163.2
153.6
174.6
202.0
106.4
173.6
206.5
271.2
736.9
319.5
443.2
260.0
354.4

MAX
592.4
663.5
737.1
7d2.0

844.9
881.C
683.5
767.7
649.9
830.8
982.1
784.2
824.2
780.1
776.8
746.5
710.5
668.2
696.8
697.0
695.3
612.3
673.9
588.4
496.2

MIN
535.6
620.3
599.9
714.8
776.1
743.2
829.6
767.7
529.0
564.8
555.6
629.6
591.0
740.0
682.8
746.5
710.5
556.2
559.0
570.3
513.5
537.A
505.8
490.6
481.7

MEAN
571.6
639.[
666.5
752.2
79)9.0
815.1
855.4
767. 7
589.5
683.0
745.2
717..8
7?8.0
759.2
734.2
746.5
710.5
589.2
648.4
636.0
591.2
569.0
557.0
545.1
489.0-

MAX
32.7
80.7

186.8

235.5
345.7
429.8
470.8
460.2
528.4
528.1
537.0
562.9
561.1
560.8
586.2
569.6
574.7
599.1
706.P
688.9
726.0

734.4
756.2
752.0
750.0

PiN
3C.9

164.9
226.7
334.7

401.o
44.7

4 6C.2
p2C. 2

4 1!.5.5
507.5

524.7
526.C

StC.7

574.7
56t4. 6;
60c1. 7
61. 7

026.6

669.1
br1.7

63 6.7

57C.0
704.9

MLAh
31.7
bC.C

177. C
2 IC . S9
33L.7
414.9

4tC.2
524.3
12 .b
526.2
543.9
547.5

'7C.t

569.t
574.7
567.C
L29.0
672.9
691.5
715.3
723.4
b34.3
727.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42810F

Test D ate: 7/8/81

Test Type: ForcedReflood

Blockage Conficguration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.139 MPa (20.2 psia)

876 0 C (1609 0 F), 3C 1.78 m

(70 in.)

0.883 kw/m (0.269 kw/ft)

10 mm/sec (0.40 in./sec)

31 0 C (88 0 F)

543 0 C (523 0 C - 553 0 C)

[1010OOF (973 0F - 1027°F)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

-1.5% average(a)

-0.5% increasing linearly to -3%(a)

a. Relative to run 43610A

K-540.



ROD/F LEV

FLEC:-IT SEA-SET 21 RJO BUNDLE TEST
kum Nj3ER4j281GF

TiL4TIAL qAAljJ.i fEmEkAEvp(E
CHA4. NO AT FLOO) TEIPERAITQE ,(IE

(DEG F) (DEG F) (OEG F

SERIES

TUR'IA•OJ•) QUENCH
TIME rEMPREATULt
(SE:30DS) (DEG F)

2A
4C
IC
26

24
5C.
2D

10

30
41

50
10

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-

7-
7-

7-
7-
7-

7-

7-
7-

7-_

7-

8-
8-

.8-

'3-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6

7

0
0

0
0
6
6

0

0
0

6
6

6

6

0

3

0

0
0
6
6

6
6
6
3

3
0
0
0*

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
7.0
95

q3
95

109
110

113
117
120
121

123
'2 4

125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1147.
1255.
1367.
1493.

1525.
1448.
1494.
1466.

1510.
1544.
1466.
1464.

1468.
1528.
1565.
1574.

1484.
1590.
1530.
1584.

1604.

1446.

1500.
1526.

1566.
1416.
1511.
1539.

1402.
1469.
1548.
1509.

1469.
1371.
1302
143"9.

1255.
1355.
1179.
1131.

1288.
1242.
1169.
1084.

1112.
701.
899.
805.

1183.
12b9.

1401.
1588 .

1609.
1606.
1ot05.
1o05.

1725.
1652.
1575.
1598.

13J74 .
1671.
1694.
1734.

lo34.
1 709.
1625.

1726.

1745..
137d.
1637.

1664.

1712.
1567.
16b9.

1704.

1571

1t85.
165j.

1607.
1596.
1536.
1082.

1479.
1535".
i502.
1436.

120.
1556.
1483.

1415.

1460.

1136.
1348.
1148.

35.
14.
34.
9b:

84.
158.
171.
139.

215.
107.
110.
135.

1•6.
143.
129.
160.

150.
119.
95.

142.

141.
13Z.
137.
138.

146.
150.
158.
165.

170.
93.

138.
I4it.

138.
225.
234.
243.

224.
204.
323.
305.

332.
314.
313.
331.

348.
435.
449.
344.

44.0
73.5

68.5

78.0
174.0
127.0
176.0

142..0
124.0
210.0
204.0

171.0
141.0
124.0
124.0

151.0
55.0
90.0

118.0

122.0
L33.0
124.0

79.5

77..5
95.0

123.0
Z 3.0

144. 0
il14.0
34.5
37.5

1D5.0
154.0
177.0
142.0

259.0
174.0
145.0
162.0

145.0
132.0
273.0
208.0

2?0.0
352.0
Z O. 0
303.0

253.0
310.0

646.
733.
812.
724.

817.
247.
t67.
767.

271.
757.
713.
795.

707.
682.
542.
243.

425.
707.
727.

779.
772.
590.
546.

510.
490.

672.
655.

o17.
7il.

672.
571.

710.
673.
634.
692.

691.
677.
518.
500.

610.
527.
585.

611.

592.
607.

561.
665.

471.
514.

4JENCH
TIME

S SE C 330D)

J.71 . 8
164.9
230.7

321. a

376.7
525.0
487. 1
490.2

794.0
500.7
516.9
499.8

498.8
505.6
505.0
507.0

517.1
714.7
5Z4.8
540.3

504.4
540.o
559.8
554.5

557.8
559.0
595.7
5844

50.4
583.3
5d9. 1
597.7

596.7
634.6
637.6
628.8

650.7
o46.6
666.4
655.8

666.9
584.0
647.I
694.9

701.9
709.7
727.0
674.9

4C 9-
lOt0-

4810-
5010-

2A11- 0
4:11- 0
1011- 6

171
172

* B AO

522.
704.

THE R M 0

794. 272.
1119. 416.

C O UP L E OA T A *

665.8
733.9

K-541



RUN 42810f HEATEm ROD STATISTICAL DATA

MAX TEMP (DEG F)I1ITIAL TEMP (DEG F) TJRNAKOUNO TIME (SEC)

u,4n

ELEV
12
24
39
48
60
67

71
72
73
74
75
76
77
78
79
90
81
84
qO

96
1 C2
ill
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
o3

74
75
75
77
18

79
80
81
84
90
16

102
ill
120
132
139

4AX
740.1
908.0

1254.9
1442.3
1492.6
1599.6
1609.4
1553.1
1474.3
1460.4
1503.4
1500.2
1544.3
1565.0
1589.7
1592.0
1604.1
1505.6
1567.2
1565.0
1454.1
1?88.3
1114.4

904.9
703.8
595.3

MIN
668.0
908.0

1144.4
1325.9
1429.4
1486.2
1407.9
1517.4
1374.1
1395.1
1376.2
1401.4
1423.9
1463.6
1464.6
1443.4
1445.5
1505.6
14 16.4
1394.1
1242.3
1097.7
962.7
700.6
487.4
578.4

MEAN
704.0
908.0

1182.3
1376.5
1456.2
1549.6
1472.4
1535.2
1424.2
1427.7
1458.8
1459.2
1487.1
1506.1
1521.8
1524.9
1520.1
1505.6
1503.7
1489.3
1369.6
1202.5
1045.1
829.7
552.0
586.8

MAA
742.0
914.0

1269.2
1481.6
1588.4
1718.5
1746.4
1726.3
1691.9
1671. 2
1720.7
1710.7
1728.5
1701.8
1734.1
1726.3
1745.3
1643.9
1729.6
1737.4
1694.4
1619.9
1480.5
1371.9
1119.3
1080.0

MIA4
673.1
914.0

1182.7
1380.2
1550.6
1609.0
1572.2
1704.0
1585.2
1607.9
1581.9
1565.7
l15 i . 4
1570.0
1565.7
1580.9
1577.6
1643-9
1563.6
1529.0
1456.9
1407.7
1287.0
1135.9
665.7
913.0

MEA4
707.5
914.0

1218.8
1417.1
1567.9
1654.9
1622.8
1715.1
1638.5
1639.5
1651.2
1632.4
1638.2
1631.3
1634.0
1645.4
1659.4
1643.9
1652.1
1640.3
1598.4
1513.8
1372.4
1253.9
859.0
996.5

4AX
14.0
16.5
66.0
55.0
73.5
84.5

124.O
124.0
128.0
18a.0
208.0
192.0
227.0
?04.0
212.0
22?.0
175.0
143.0
125.0
144.0
266.0
273.0
347.0
362.0
399.0
406.0

AIN
1.5

16.5
23.5
34.0
65.0
67.0
76.0

115.0
125.0
142.0
124.0
124.0

90.0
124.0

85.)
87.5

122.0
143.0

69.5
84. i

132.0
128.0
184.0
280.0
263.0
356.0

MEAN
7.8

16.5
44*5
46.6
69.0
75.6

100.5
119.5
126.5
164.0
153.4
159.7
157.5
164.4
134.0
143.1
146.1
143.0
104.8
116.u
168.8
169.4
249.3
310.8
341.8
381.0

TEMP aISE (DEG F) QUENCH TEMP (DEG F) QUENCH fIME (SEa)

4AX
5.1
6.0

60. 1
54.3

121.2
126.1
170.8
186.6
217.6
212.8
217.3
218.0
215.3
185.4
160.4
153.7
160.7
138.3
170.1
181.9
252.5
331.5
366.1
467.0
415.5
484.7

MIN
1.9
6.0

14.2
34.4
95.7
84.2

137.0
173.2
211.1
210.8
158.2
127.8

91.6
99.5
70.1
84.0

118.3
138.3
118.1
93.4

203.7
281.0
269.6
343.8
178.3
334.6

MEAN
3.5
6.0

36.5
40.6

111.7
105.3
150.4
179.9
214.4
211.8
192.4
173.2
151.1
125.2
112.2
120.5
139.3
138.3
148.4
151.1
228.8
311.3
327.4
424.3
307.1
409.7

MAX
660.1
669.1
733.3
833.7
723.6
956.5
959.2
837.j
247.9
949 9.3
764.6
759.5
923.6
794.8
791. 1
807.7
779.4
713.6
595.4
723.1
712.8
610.5
611.4
664.9
662.9
530. 4

MIN
637.5
669.1
645.8
704.0
665.6
816.8
246.8
247.9
230.7
246.8
237.1
243.6
244.7
247.9
242.5
507.0
645.5
713.6
489. 5
634.6
612.1

424.9
481.3
556.0
448.5
514.1

MEAN
648.8
669.1
678.2
785.5
691.9
862.5
573.6
542.7
239.3
598.0
348.0
395.0
557.0
611.1
680.2
713.9
718.0
713.6
554.4
681.5
668.0
528.9
572.2
593.b
524.3
522.3

lAX
29.8

79.8
171..8
230.7
330.7
401.7
542.0
535.0
792.0
531.0
794-.0
794.0
7)4.0
563.0
535.3
540.3
5465.8
532.7
565.3
509.2
551.7
584.0
701.9
727.0
733.9
759.9

MIA
27.9
79.8

164.9
223.3
321.8
376.7
419.4
442-*7
537.0
459.8
471.2
427.8
481.5
466.7
507.0
498.5
504.4
532.7
534.5
571.8
622.8
642.1
676.2
674.9
619.8
753.0

MEAN
28.9
79.8

168.8
227.6
327.6
391.4
479. *
473.9
664.5
495.4
578.4
579.7
561.k
509.3
519.3
524.1
533.4
532.7
555.4
591.6
637.0
663.1
687.9
713.4
668.3
756.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43511A

Test Date: 4/29/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure
initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.142 MPa (20.6 psia)

873 0 C (1603 0 F), 3C 1.78 m

(70 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.6 in./sec)

330 C (89 0 F)

523 0 C (516 0 C - 527 0 C)
[9740F (961°F - 9800F)]

38.28 mm (1.507 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

approximately 1.3% increase at 110 seconds(a)

exponentially increasing from -1% to -3.1% by 570 seconds(a)

a. Relative to specified conditions

K-543



RODIELEV

FLECHT SEA.ET 21 ROD BUNDLE TEST SERIES
Rum NJMtdEi43511A

TINITIAL A AA I MU1 |iMPERATURE TUR4ARODJt QUENCH
CHA4. NO AT FLOOD fE lPERATUrt E itSE TINE TEMPREATuKE

(DEG F) (EG F) (jEG F) (SE.04DS) (DEG F)

2A
4C

ic
2A

2A
10
20
3D

5C

10
43
50

2A
3B
3D
23

3C
3F

3C
4A

30
5C
Sc2C
28

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

8-

6-
7-
7-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

5
5
6
6

0
6
0
0

0
0
6
6

6
oi
6
6

6
0
0
6

9
11
14
17

21
50
53
58

61
63
68
69

70
75
79
84

85
86
95
97

98

110
111

115
117

S B A D

121

30 7-
5B 7-
23 7-
2C 7-

2E 7-
3A 7-
3 i 7-

48 7-

5C 7-
ic 9-
2E 8-
4C 6-

53 8-

IC 8-
IC 8-
1D 8-

2C 9-
48 q -
50 8-
3D 9-

4C 9-

4910-
5010-

1126.
1187.
1346.
1375.

1486.
1455.
1566.
1580.

1499.
1442.
1532.
1456.

1447.
1560.
1522.
1549.

1563.
1478.
1543.
1411.

1280.
T H E R M O

1398.
1412.

1442.
1321.

T H E R M 3
1411.

1293.
1316.
1426.
1394.

1276.
1238.

943.
1529.

1202.
1137.
1114.
1067.

1148.
1127.
1056.

985.

1015.
582.
819.
749.

537.
633.
377.

1208.
1248.
1443.
1531.

1673.
1700.
1825.
I1b1.

1678.
1688.
1797.
1717.

1701.
1850.
1843.
1832.

1688.
1727.
1873.
1709.

1630.
COUPLE 0

1636.
1o29.

169(.

S3J P L E 0
1703.

1510.
1580.
1724.
1700.

1520.
1560.
1271.
1836.

1533.
1452.
1436.
1241.

1517.
1464.
1395.
1373.

1354.
102b.
1161.
1078.

721.
923.
687.

81.
62.
97.

156.

188.
245.
259.
281.

179.
246.
265.
262.

254.
290.
321.
233.

323.
250.
331.
298.

350.

238.
216.

254.
245.

292.

216.
264.
298.
305.

244.
322.
328.
308.

331.
314.
322.
174.

369.
337.
339.
388.

339.
447.
342.
329.

184.
290.
310.

49.5
30.0
54.0
74.5

139.0
157.0
115. 0
114.0

78.5
1: 3.0
139.0
154.0

181.0
118.0
118.0
121.0

117. 0
166.0
115.10
13 3.0

159.0

120.0
78.0

114.0
140.0

111.10

115.0
157.0
114.0
114.0

157.0
159.0
131.0
117.0

133.0
157.0
124.0
57. 5

124.0
104.0
129.0
156.0

115.0
132.0
154.0
244.10

153.0
158.0
157.0

696.
743.
714.
705.

865.
833.
804.
875.

8j6.
879.
812.
811.

832.
854.
775.
828.

841.
805.
835.
823.

678.

656.
5j8.

653.
653.

689.

702.
634.
696.
674.

637.
651.
625.
802.

036.
569.
445.
463.

514.
390.
504.
5v 9.

551.
562.
5t3.
b27.

582.
397.
574.

QUENCH
TIME

(SECONDS)

143.1
142.8
212.7
300.7

376.6
447.7
444.2
451.8

435.5
459.9
468.8
460.7

477.8
476.7
499.6
475.4

475.4
486.6
487.8
499.5

612.3

537.9
537.4

0
0

6
6

122
123
124

127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168
170
172

535.4
517.0

579.7

545.8
590.6
580.8
583.8

562.7
612.0
569.0
491.5

566.0
601.9
612.9
585.0

632.5
620.6
573.5
644.0

623.0
503.5
629.9
472.6

434.0
584.9
165.8

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

K-544



RUN 43511A HCA1ER Kj
0 

)TATISTiLAL D&Th

OAX TEmP (iJEG F)IIIT IAL rEM P (IEG F) TJRi4AROJN. TIME (SEC)

U-I

CLEV
12
24
39
48
60
67
70
I1

72
o4

75
16

77
78
E4

90

96
102
111
120
132
138

ELE4
12
?4
39
48
60
67"0

71
.2

74
75
-16

77
78
84
70
96

102
111
1?0
132
1 38

MA X
613.5
550.8

1136.6
1350.5
1465.1
1579. 4
1502.6
1598.9
1500.0
1580.5
1572.3
1558.0
1563. 2
1542.7
1442.2
1426.1
1300.8
1148.2

110.•.
818.7
632.9
577.9

M 1N
567.2
795.9

1087.5
1262.8
1332.9
1475.4
1492.5
1477.5
1457.8
1454.6
1441.7
1439.6
1422.4
1410.6
1258.6
1249.2

943.2
1055.6

878.2
581.6
508.6
376.6

MEA4
583.6
836.2

1133.5
1313.6
1382.2
1507.7
1549.7
1546.4
1534.0
1529.7
1518.1
1516.3
1500.6
1487.8
1373.7
1347.3
1209.5
1096.0

968.0
740.6
557.4
476.8

MAX
619.4
902.7

1248.4
1466.6
1634.1
1795.4
1864.4
i873.4
1876.8
1877.9
i879.1
1884.7
1i65.9
1673.4
1702.9
1724. I
1670. 1
1519.2
1372.9
1245.2
923. 3
912. *0

581.2
8a2. 3

1170.2
1380.2
1499.8
1673.4
1690.8
1676. 6
1663.6
1657.0
1(87 5
1700.6
1694.1
170o. 5
1548.4
1482.9
1271.3
1241.1
1134.(,
1013.0

721.2
686.8

ME AN
595.0
864.4

1208.8
1420.9
1545.2
1709.3
1770.0
1779.1
1760.9
1780.0
1787.2
1791.7
1787.0
1794.8
1623.6
1612.1
1544.6
1407.7
1256.5
1120.8
776.4
787.0

4AX
12.5
25.5
49.5
72.0
74.5

117.0
159.0
161.0

176.0
173.0
193.0
181.0
195.0
209.0
165.0
157.0
159.0
129.0
156.0
244.0
?17.0
216.0

M14
7.5

30.0
60.5
59.0
91.5
98.5

102.0
79.0
78.5

109.0
114.0
117.0
115.0

78 . 0
98.5

131.0
b7.5
90.0

148.J
153.0
145.0

ME AN
11.0
23.4
42.2
66.3
69.3

105.4
122.6
122.4
120.3
123.6
141.7
140.5

152.6
153.3
126.4
125.4
145.9

110.4
121.0
181.0

173.3
185.2

TEP kISE (OEG F) QUE.,CH FEiP (DEG F) QUENCH rifiE (3EC)

IAX
14.0
36.4
82.7

131.1
169.0
216.0
261.8
274.5
276.8
299.0
306.8
316.7
322.7
330.7
289.8
305.4
369.3
388.7
388.0
471.6
290.4
435.2

MIN
5.9

21.9
61.8
94.9

156.3
187.8
196.0
199.0
166.8
179.2
245.8
232.1
249.8
289.7
210.6
216.5
313.3
174.2
213.3
255.5
184.3
222.2

MEAN
11.4

28.2
75.3

107.3
163.1
201.6
220.4
232.6
226.9
250.2
269.0
275.4
286.5
307.1
249.9
264.8
335.3
311.7
288.5
380.2
219.0
310.2

MAA
605 .
756.8

743.0
o7q.6
709. o
865.4
925. 9
958.6
977.6
917.7
879. 3
870.9
841.2
851.3
658.3
759.9
838.6
610.8
673.0
753. 1
582.3
626.9

MIN
569.5
674.1
642.2
713.6
677.3
808.0
779.6
777.0
742.2
764.5
770.0
809.3
764.8
760.0
211.9
634.0

68d.9
389.5
435.3
389.6
244.7
245.7

MEAN
583.9
711.9
093.9
798.7
694.2
8 31. 3
840 *.6
830.2
871.2
839.o
815.o
844.4
804.b
b08 . 7
61o.7
b9b.2
b62.9
500.9
538.5
574.1
450.7
478.8

4Ax
19.1

61.9
143.1
212.7
313.7
382.6
414.7
429.7
438.6
458.8
471.7
477.8
493.8
501.8
545.0
590.6
517.9
642.0
544.0
s53.0
584.9
5 13.0

MIN
18.7
52.4

141.8
188.5
299.9
374.7
402.7
413.6
407.7
429.8
457.8
448.4
475.p
487.8
517.0
545.8
536.8
488.8
491.0
353.5
233.0
155.3

mEA4
18.9
56.4

142.6
197.5
305.6
378.4
408.8
419.1
425.3
447.7
463.6
469.2
'82.9
495.9
533.4
574.3
595.0
591.9
585.5
556.9
399.5
410.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42711B

Test Date: 6/23/80

Test Type: ForcedReflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.138 MPa (20.0 psia)

875 0 C (1608 0 F), 3C 1.78 m

(70 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.60 in./sec)

31 0 C (88°F)

528 0 C (519 0 C - 533 0 C)

[982oF (967 0F - 992oF)]

36.1 mm (1.42 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

-1.5% with ±5% oscillation for 50 seconds at 220 seconds(a)

-0.5% linearly increasing to _,%(a)

a. Relative to run 43511A

K-546



ROD/ELEV

FLcrmCT SEASET 21 ROD BUNDLE TEST SERIES
RUN NUNBER427114

TINIIIAL MAXINUM TEMPERATURE TURNAROUND QLEhLn
CHAN. NU AT FLUUD Tt61I$RATJRE RISE TIME TLMPxLATUk.

(OE6 F) ( EG F) (DEG F) (SECONDS) (Loi. F)

4C
1C
2A

24

10

20ID

5C
10

43
50

3-
3-
4-
5-

5-
6-

6-
6-
6-
6-

6-
6-
6-6-

3
3
0
0

3E
3:
3D
4A

4C
5C

28

30
5R
2B
zC

ZE

3A
33
48

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
11
14

17

21
50
53
58

61
o3
68
6 r

7C
72
75
85

d6
95
96

o7

98
101
110
111

115
117
120
121

122
123
124
127

1283
131
133
13t

138

141
142

143
145
14o
15A

156
161
1o4

167

1 6
126 A
172

10l1.
1149.
13(1.

13tC.

1431.

1031.

1567.

1552.

1445.
1531.
142.

1454.
1531.
15•3.
15S7.

I4e2.
1573.
152d.
14i4.

1546.
145C.
1423.
14.4.

14t~3.
135,.
1440.
1457.

1413.
14 4.
14 1 .

12 7.
12CC.

13 Cl.

118'i..
12 C7 .
1091 .
lo3.

670.
7C3.

545.
T H RMQOCO

243.

1138.
1246.
1373.
1518.

1649.
1649.
1761.
1780.

1690.
1648.
1734.
1646.

10 6 6.
1751.
1770.
1509.

1671.
1820.
1794.
1684.

1793.
1677.
1612.
1647.

1694.
1544.
1671.
1706.

1517.
1624.
1704.
1681.

1532.
1551.
14b4 .
1653.

1449.
1592.
1428.
1303.

1527.
1565.
1399.
1352 .

1373.
973.

1193.
1026.

728.
L P L E 0

734.

77.
47.
72.

158.

158.
218.
253.
228.

19q.
203.
199.
225.

197.
220.
204.1
212.

1 Q9.
247.
257.
255.

247.
719.
190.
194.

211.
195.
231.
249.

225.
211.
250.
231.

224.
2P4.
264.
320.

291.
?Q1.
295.
234.

338.
358.
308.
358.

327.
391.
324.
324.

183.
A T 4

491.

58.0
27.5
52.0
66.5

98.5
154.0
154.0
120.0

150.0
154.0
130.0
117.0

174.0
122.0
113.0
121.0

143.0
115.0
120.0
190.0

115.0
168.0

99.0
(5.0

50.5
168.0
115.0
116.0

120.0
140.0
112.0
99.0

124.0
125.0
126.0
140.0

141.0
150.0
126.0
107.0

126.0
13Q.0
106.0
129.0

116.0
134.0
173.0
222.0

197.0

255.0

602.

6b5.
76.,

62G.
762.73G.

732.

77•.
671.

723.
736.

70o.
77c.

7: Z .

7oc.
o24.

92.

625..Ob5

04'.1.

:32.
63 7.
00".

704.
6 i3.

64,7.

634.
571.

ý26.

52L.066.

55.".

551.
667.

QUiNCh
TIME

149.S
145.6
210.4
312.7

3o2. S
4 , 2. t
400."
'bU0.4

4 3. 4
4Z6. b
I73.7

506.t

4.2. t;
41o. '

4ý3.7

500.3
516.6

40 7.

54 4. -1

352.1
503.6

537.2
555.1

0.10. 1

5 Q 5. c
5

7
o. L

5C3.1565.C

5;,1.c5'i.1
b0Z.C

o2. 7

636.7

o j4 . 8
5 76.3
632.4

b632.1

b47.C
475. 3

3 4 .

45 c .

5a
5C
IC
I0

2C

50
3D

4C 9-
1310-
4810-
5010-

2A11- 0
4C11- 0
1311- 6

K-547



RUN 427118 HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F) TUQNAROUNL, ]LAE (SLC)INITIAL TLMP IbEG I)

ZI
00

EL EV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
q6

102
111
120
132
13o

ELtV
12
24
39
46
60
67
70
71
72
7t
75
76
77
78
84
90
96

102
111
120
132
136

MA X
657.3
889.2

1199.3
1359.3
1461.2
1575.4
1607.9
1593.6
1481.6
1553.6
1589.5
1O00.3
1597.1
1573.3
1485.9
1456.9
1334.1
1206.6
1045 . 9

869.t
565. 2
:59 . 4

1061 *
125h.7

1334.1
1477.3
14b9 . 1
1414 . 1
1422.7
1431 . 2
1421.t
1444.1
1365.5
141o.4
1350.4
1292.2
1156.6

723.3
582.3

5CO.,

P9AN

eC8.6

1110.8
12f7 .0
1280.0
1509.6
1 43.5
1507.8
1463.4
1503.6
1515.7
1 i14.5

1487.7
1419.9
13 ; .45
12d8.O

S69.9
134.5

451.6

MAX
661.5
917.1

1246.3
1461.2
1614.5
1758.6
1814.6
1815.7
1689.7
1823.7
1787.6
179 4 3
1809.0
1320.3
1696.3
1706.2
1657.0
1564 .6
1372.9
1255.7

741.0
910.9

MIN
595.1

838.5
1138.0
1353.0
1466.6
1648.3
1667.Q
1625.4
1607.9
1649.4
1646.1
1646.1
1614.5
1636.3
1493.4
1517.1
1449.4
1302.7
1074.8

972.R
688.9
686.8

MEAN
619.6

965.4
1180.6
1395.0
1524.8
1679.1
1735.1
171Q.9
1662.q
1728.5
1720.3
1717.2
1724.3
1726.2
1616.1
1629.5
1574.9
143 3.r7
1262.6
1113.3

719.1
795.9

MAX
13.0
26.0
58.0
64.5
66.5
98.5

144.0
174.0
169.0
172.0
154.0
196.0

153.0
190.0
168.0
150.0
150.0
139.0
149.0
226.0
249.0
262.0

PiN

27.5
5z.c

54.5
ako. j
t4.0
95.0

1 16.0
16.0
115.0
113.0

121.0

6C. j
99.0

124t.0
1C6.0
Si.5

134.0
10i. 0
166.j

Pt•N

24.1
44.3

5b.3

09. b
1C7.9
125.9
139.5

144.8
131.7

139.2
132.9
141.b
1C7.5
121.4
135.1
119.1
120.1
166. 1
162.3
214.b

TE4P xISE buEG f) QUENCH TEMP (DEG F) OUL•CH IiML tLEC)

MAX
13.9
38t 3
84.2

120.4
157.S
183.2
206.7
Z24 . 5
210.9
310.9
224.5
223.9
236.5
256.7
223.1
250.3
322.
356.0
358.5
491.5
234.4
491.2

MIN

4.2
23.b
47.0
72.3

132.5

170.3
191#. r

lbS .2
161.0
185.6

144Y . 3
217.9
142.5
203.1
964.&
Z34. 1
221.0
291. A.
123.7
28 . 2

MEAN

10.9
30.5

90.0
144.8
169.6
19i.6
212.1
199.5

i24.9
204.6
i02.7
21Y.9
238.4

140.2
230.0
i44.9
3C4.1
292.6
37b.6
100.2
344.*3

MAX
610.3
651.6
708.9
760.1
688.6
d53.0
822.9
8d9.8

832.5
978.4
826.8
825.6
795.8
824. 2
649.1
707.4
696.7
569.0
695.2
667.2

568.2
554.4

573.2
605.1
602.4
668.7
657.2
772.5
763.7
737.1
704.1
589.7
708.3
691.1
735.7
697.7
584.5
531.9
550.5
470.9
501.2
463.4
497.5
242.5

MEAN
587.6
626.8
646.1
706.0
673.8
818.3
788.5
814.5
778.4
764.6
758.a
763.B
763.0
760.2
614.17
648.8
632.5
514.9
573.4
527.0
543.4
431. f

MAX
22.1
68.4

154.9
211.8
318.2
384.7
424.8
463.6
445.4
480.9
506.6
498.5
508.6
517.6
561.6
598.7
616.0
638.7
632.4
658.0
453.7
621.0

02.0
146.0
206. 6

37c.7
413.7
423.7
42t.7

442.3
426.8
474.7
4 oC.C
446.6

532.2
564.'0564.4

552.6
t2C. 7
475.3
219.4
33Z.0

MEAN
20.9
65.6

151.9
204.6
314.4
3t2.1
419.3
435.0
434 . C

464.5
477.0
465.7

49t5.I1
507.7
546.6
583.1
oC4.6
612.1
b09.9

015.b
3t6.2
52 .6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43211C

Test Date: 8/29/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.138 MPa (20.0 psia)

874 0 C (1606 0 F), 4C 1.70 m

(67 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.61 in./sec)

32 0 C (90 0 F)

513 0 C (501 0C - 521°C)
ý955°F (933 0 F - 969°F)]

36.1 mm (1.42 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

+3% for 70 seconds, linearly decreasing to 0% by 200 seconds,

and -0.5% thereafter(a)
+0.25%(a)

a. Relative to run 43511A

K-549



ROD/cLEV

FLLCIT SEASaT 21 ROD BUNDLE TEST SERIES
RUN NUUdER43211C

fININAL MAXIMUM TIMPERATJRE TURNAROUND 9ULNCH
CHAN. N. AT FLLLG TrrPiRArURE RISE TIMF TLiPREATukE

(tut I) (UEG F) (DEG F) (SECONDS) (ULG F)

3-
3-

5-

5-
6-
6-
6-

6-

b-

b-

5-
6-
6-
6-

6-
6-

7-

6-
0-

7-
7-

7-
3-7-
7-

7-
7-

7-
7-

7-
3-

5-

,3-

0-

5-

3
3
0
0

7
2
2
2

14'.l

17

21
'C
53
568

o C

ol
o3
o9

7C
75

5"
35

2
2
3
3

1c72.
1227.
1347.
1346.

1476.

15,15.

15 C.
14be.
14t3.
14c2.

14 10.
15 ?5.
1555.
15ý,.

i527.

1500.

1450

4
4
5
5

30
53
21
2C

2E
3A
3B
43

5C
I:
2E
30

53
5C
IC
10D

2 ý
48
5)
3)

5
6
6
6

6
6
0

0

06
6

6
6
6
6
6

0
0
0

0
0
6
6

6

3

i I1C

1i5
117
I2c
,L2 1

122
123
124
12 7

120
131
133
13 t

15cl.
1543.
1416

14 o

14 c4.
134'.
1467.
14c5.

13 5.
14t4 ..
147a.

14 137.j413.

1322.

±2,3.
13 t .
llc3.

1U 62.

1 rt LkM 0

1127.
1017.

ictC.

97..

c) 37 .
44•1O.

1141. 69.
1278. 50.
1436. 88.
1541. 145.

1658. 154.
1598. 122.
1b96. 198.
1701. 145.

1698. 133.
1663. 194.
1608. 145.
1612. 130.

1620. 155.
1729. 154.
1711. 155.
1790. 194.

1630. 103.
17o9. 219.
1756. 201.
1654. 381.

1760. 199.
1659. 116.
1591. 133.
1609. 151.

1670. 186.
1543. 149.1
104d. 181.
1667. 201.

1440. 145.
1624. 180.
16d9. 211.
lbo5. 212.

1619. 162.
1566. 244.
1467. 199.
1637. 265.

14d4. 240.
1593. 210.
1455. 292.
1329. 247.

SU P L E D A T A*
1436. 253.
1395. 268.
13:2. 335.

1346. 286.
910. 333.
1d1. 328.
972. 263.

743. 187.
939. 302.
723. 274.

50.0
27.0
54.0
69.0

98.5
139.0
149.0

69.0

69.0
175.0
138.0

70.0

111.0
72.5

108.0
69.0

180.0
84.5
80.0
111.0

70.5
69.5
51.0
43.5

69.0
85.0
91.0
91.0

56.5
84.0
A4.5
84.0

70.0
115.0
108.0
107.0

134.0
92.5
111.0
85.0

77.5
97.5

111.0

q8.O
192.0
122.0
136.0

21 8.0
128.0
?13.0

7Ce.
707.
701.
732.

790.
006.
566.

716.
1024.

77ý.
733.

791.
763.
734.
b01.

765.
754.
751.
794.

036.
7o4.
605.
57C.

561.
042.
635.
595.

04G.
653.
61L.

b50.

604.

641.

430.
476.

244.

493.
6 lo.
574.
60'..

572.
3o4.
500.

QUENC H
TIME

(SECONDS)

129.t
147.8
210.8
311.S

384.6

466.7
46 1. t
488.S

464.5

444.,
479.5
4o6.17

370.
4d 2. t
499. t
496. b

4o8.3
507.6
514.9
496.7

502.6
499.8
539.7
534. k

549.C
531.6
575.7
5i8.3

544.7
567.6
5o0.t
5SoO. 2
547. C

561 . t
615.9
564.5
616.9

5 7Y.. 9
5qt.C
608.1
59b.7

621.C
591.b
648.C

626. C
514.1
622.3
497.t

366.8
616.C
521 . t

13t
134
L41
14z

146
jj4

4C 1- 3
1310- 0
411)- 0
5013- 0

2411- 0
4C11- 0
ID11- 6

I~o
iol
t'o4

lo7

i72

K-550



?<U'4 43211. HEATIR R3J STATISTICAL DATA

MAX TEFP (DEG F)INITIAL 1Tril L ()t~ ) TURNAKUUhL TIMt (SEC)

ELE V
12
2',
34
4to
6,0
67
70
71.
74
74

75
7o
77
75

9u
90

102
111
12u
132
13c

MAX Mir tLAh
621.1 544.0 57u.7
6,05.t tL,4 651.4

i227.2 .071., 113d.d
137Ž.o a 24o.2 1330.2
I401. kjso2.t) 139b.4
ib0o.C 14o..3 l51,'.7
S5ov . 3 '%77. t 1:; 4'ý..7
It40.7 L452.3 l1id.1
1505.r v4 . 7 I1CC.3
1576.t l4ti2.3 1517.1
I59o.2 14bi.1 1537.6
Iotu.1 11a. # 1,3j.2
L5 5 •.0 6 1 3 7 . I It ;33. 2
i5ou.c 142o.o i;21.8
i ,0).5 1, 2Z21 .2 1425.5
L'.t5.1 134o.3 144co.2
13oo.e 12 43.4 1333.9
1i'0..0 .0O2.i 1153.o
1070.o v.7D. 1C3i.1

'06o.7 571.1 7ý).0
o3o.9 4b0.3 to2.3
584.C 44-,.: 64.1

4lAX 4lN MFAN
625.7 555.6 579.3
922.3 835.4 879.2
1277.6 1141.1 1206.9
1478.4 1399.1 1434.7
1575.4 1523.6 1546.6
1777.6 1613.4 1674.6
1613.5 1667.9 1743.6
17.74.3 1634.1 1710.1
1706.2 1677.7 16:1.9
1725.2 1584.1 1664.8
1746.4 1600.3 166q.8
1772.0 1609.0 1676.6
1789.9 1615.6 1654.2
179d.d 1633.0 1705.3
16ol.0 1386.6 1592.2
16b.6 1490.2 1628.5
1664.6 1466.6 1576.7
1483.7 1323.9 1419.7
1369.8 1174.4 1294.8
L233.6 909.9 1101.9
,13b.8 667.8 776.8
o9,.2 662.6 770.5

QUENCH TEMP (nEG F)

MAX
11.5
21.5
53.5
74.5
76.0

105.0
115.0
168.0
111.0
230.0
179.0
188.0
180.0
175.0
108.0
91.0
134.0
111.0
116.0
201.0
219.0
213.0

PIN
I.5

1t.5
27.0
50.5
66.5

71. 5
63.5
63.5
76.5
6t.5

6S.0

43.5

9?.5
77.5
611.0

106. u
112.0
1±6.0

PLAN
6.8

19.3
42.4
59•4
70.5
cbo. 1

iCi.5
il.9

93.7
129.4
lC3.4
I01.0
IC 4.9
102.9

69.C
79.2

112. 1
92.3

102.6
151.6
164.0
171.6

I
Lf
I-. Tcen AiSt (tcG tj OULN%,H Iilt m EC)

12
2.
3-.
4v
6v

7u
7 1
72
74
7:)

7o
77
7o
94
O0
9o

12u
13e
13c

MAX
Ii. t
33 . 5

£23.5
174 4
171.5
224.2
236.0
211 5
Ivo 5
159 1
171.S

21n.t
20o . o
212. 1
277. c
2r42. 2

2300. i
292.2
332.1

432.'-
301 . s
426.2

MAN
4 t

2 3 L
2 .4

131.1
132.I
17U. 5

171.2
124 .2

7ý,

102 .5
115 .0
£24.3

1414 . L

240.7
19o0.
23'..

146.3

6.5

iC'.o.
150.2
154.9
P.3.9

147.d
132.2
141.4
ltO.9

13.5
lto.7
I12.3
242.6

2o5.4
etc3 . 7
326.4

21ý4.5
2 do.'.

MAX
585.7
664.9
739.0
733 .1
779.1
897.9
t79.4
v04.6
'011 . 9
o06.0
774.8
o33.5
q01.1
o56.9
683.8
o 9

4. 4
696.5
587 .9
654.5
018.0
571.6
5J0.4

MIN
549.3
632.4
661.3
69?.9
713.5
790.0
775.0
729.8
850.9
565.7
685.2
724.4
680.7
699.3
543.2
584.6
585.7
243.6
468.9
241.4
240.4
246.P

MEAN
563.3
651.5
703.4
701.e
741.7
547.6
135.11
830.6
881.4
692..
734.8
774.6
743.8
757.8
607.2
632.2
643.1
452.3
540.7
490.2
416.2
338.5

20.0
65.4

147.8
211.7
314.7
384.6
427.7
439.7
429.7
488.9
497.5
499.7
516.5
514.9
557.4
598.3
624.0
640.5
64a.0
659.7
616.0
596.0

26.4
12g.o

204.9
303.7

375.3
411. r
422.6
421.5
453.5
471.7
370.,

4 Zd. 5
461.0

512.9

5,1.0
477.6
42t. 0
256.1
151.0

11 EAN
17.C
62.7

140.0
20Y.1
311.4
360.1
420.7
430.1
425.6
470.4
464.2
469.5
49c. 7
,t,#4 .0
531.c
569.2
600.C
o13.3
260.4
5167.1
3E6.2
4.52.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42711D

Test Date: 10/20/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.144 MPa (20.9 psia)

875 0 C (1607 0F), 3C 1.78 m

(70 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.61 in./sec)

31 0 C (88 0 F)

511 0 C (502 0 C - 519 0 C)

[952°F (935 0 F - 966°F)]

14 mm (0.57 in.)

B. Summary Results

C. Comments:

Inlet mass flow: +2.5% for 30 seconds, +1.5% to 400 seconds, and -2.5%

thereafter(a)

Total power: +1.0% increasing linearly to +2.0%(a)

a. Relative to run 43511A

K-552



ROW/ELEV

FLECHT FEASET 21 P30 BU40LE TEST
RUN 4ULM8ER42711)

T411TIAL P4XIMI.MM TEMPERATURE

CH4AN. NO AT FLOnD TEMPERATURE RISE
()E. F) (DEG F) (DEG C)

SERIES

TURNAROUND QUE4CH
TIME TEIPREATURE
(SECONDS) (DEG F)

2A
4C
1C
24

2A

30
5C

3-
3-
4-
5-

5-
6-

6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-

8-
8-

8-

8-
8-

8-
8-

8-

3
3
0
0

7
2

2

3
3
3
4

4
5
5
5

5
6
6
6

6
6

0

1c

0
6
6

6

6
6

6

3
0
0

0

3
6
6

6
6
6
3

3
a

0
S

7
9

10
13

16
50
r,5
59

61
66
68
70

t063.
1173.
1331.
137R.

1475.
1531.
1512.
1*545.

14R5.
1550.
1476.
1474.

1147.
1260.
1395.
1587.

1641.
1713.
1761.
1702.

1680.
1739.
1641.
1682.

95.
37.
93.

?09.

166.
132.
249.
157.

t?5.

155.

238.

,**l

82

85

86
Q7

100

101
103

111

115
117
121
122

123
1 24
125
1 2q

129
1 3?
134
137

139
1 40
141
142

143
145
145
155

157
1 60
163
166

167
169
1 70

n T HE , M '
1465.

n T H•E R m 0

1532.
1579.

1563.
1470.

1563.
L534.

n T H R M O

1424.

1450.
1337.
L457.
145A.

1347.
145 -.
L'48 0.
1460.

1446.

1347.

1286.

1370.
1105.

113P.

1119.
1179.
1136.
057.

1034.

824.
739.

531.
591.
416.

1670.
1814.
1780.
1688.

1789.
1697.

C 3 Ii P L E 1
1653.

1677.
1524.
1695.
1715.

1506.
1'.57.

1719.
170C.

1617.
1540.
1448.
1659.

1530.
1596.
1455.
1440.

1502.
1491.
1428.
1354.

1358.
1008.
1172.
1034.

749.
935.
6Q9.

C O U P L E D A T a *
1666. ?30.

C O U P L E D A T A•,
1808. 211.

158.
2-35.
2'16.

?17.

225.
153.

lk T A.

229.

217.
156.
?38.
?4 7.

150.
?32.

238.
231.

171.
254.
167.
?72.

?44.
226.
350.
332.

333.
312.
••_.
3;7.

354.
4D6.
349.
294.

?18.
343.
275.

50.0
48.5
49.0

105.0

115.0
81.0

103.0
96.0

118.0
84.5

151.0
151.0

117.C

85.0

152.0
87.5

104.0
140.0

85.0
136.0

72.5

82.5
82.0

1C7.0
104.0

78.0
115.0
98.0
85.0

72.5
117.0

92.5
102.0

102.0
104.0
115.0
98.0

117.0
80.0

103.0
114.0

127.0
226.0
131.0
170.0

174.0
217.0
227.0

698.
734.
762.
750.

342.
789.
236.
829.

921.

805.
801.
833.

906.

758.

731.
756.
762.
738.

894.
849.

601.

622.
572.
717.
634.

687.
708.
733.
638.

725.
599.
654.
726.

640.
731.
449.
674.

452.
517.
537.
473.

4g4.
610.
519.
543.

584.
443.
555.

OUE4CH
TIME

(SECONDS)

137.9
137.8
188.3
303.2

362.8
428.0
655.0
433.9

381.7

444.7
441.6
438.8

4C04.4

457.8

4t6.8
468.7
467.2
479.6

463.8
465.8

498.5

500.5
505.9
533.9
569,5

540.7
526.7
529.9
560.8

531.9
608.6
590.6
574.9

6C2.7
571.4
610.3
556.6

619.9
628.0
581.3
612.0

613.0
460.4
625.9
514.7

425.6
592.0
445.9

4C 9-
1010-
4310-
5010-

2A11- 0
4C11- 0
1311- 6

K-553
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0
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FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41711E

Test Date: 12/5/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.142 MPa (20.6 psia)

876 0 C (1609 0 F), 4C 1.70 m

(67 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.60 in./sec)

32 0 C (90°F)

517 0 C (509 0 C - 522 0 C)

[963oF (949 0F - 971oF)j
29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

+0.5% to 100 seconds and -1.5% thereafter(a)

-0.25% increasing linearly to +0.5%(a)

a. Relative to run 43511A

K-555



FLECHI SEASET 21 ROD BUNDLE TEST SERIES

ROD3/ELEV
RUN

TLNITIAL MAXrlUM
CHAN. NU AT FLCOD TEMPERATURE

(0E6 F) (WEG F)

2A
4C
1 1

2A

2A
5C

20
ID

3D
48
5C
5D

10
24,

20
33

3C
4:
3:
3E

33
4A
iC
28

30
5B
28
2C

2F
3A
33
48

5C
IC

2E
3D

53
5C
'C
1D

2C
43
5D
30

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-
3-

8-

8-

8-
8-

8-
a-

8-
9-

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
10
12
16

19
36
3S
47

50
52
j4
55

56
54;
61
63

1171.
12 11C.
13t8.
1516.

1.534.

1429.
1522.
1493.

1469.
1541.
1417.
1511.

i sce.
1498.
1516.
15t7.

1263,
1302.
1479.
1658.

1678.
1660.
1758.
1678.

1795.
1758.
1689.
1676.

1689.
1693.
1756.
1794.

NUMBER417111
TEMPERATURE

RISE
(DEG F)

86.
52.

112.
142.

143.
231.
235.
185.

376.
217.
211.
165.

181.
1950
211.
217.

TUQNARmJ4D 1UEhc H
TIP' TL.iPRtA]I U
(SECONDS) (DEC F)

72
71

63

86
87
93
94

98
103
110
111

113
8* A b
115
12C

122
1214
126
129

133
134
135
136

13d
143
145
15C

152
157
164
166

166
169
171

1595.

1572,

14•6.
14SS.1499,.

1547.
14i,.
4179.

15(9.

1416.
T H E k M 0

1226.

14 9.

1323.
1265.
1369.

1311.
13EI.
11,8.
11 3S.

1275.
12C5.
11 iC.

9o i 6

1C46.
5 74.
836.
695.

546.
616.
317.

1816.
1795.

C U U P L E 0
1736.

1i18.
16o6.
1621.
1664.

1733.
1596.
1689.
1701.

1592.
CO U U L E D

1603.
1727.

1669.
1570.
1512.
1682.

1573.
1642.
1478.
1421.

1635.
1555.
1516.
1376.

1414.
1071.
1197.
1008.

722.
977.
714.

229.
200.

A T A
212.

246.
199.
134.
165.

186.
168.
210.
192.

176.
A T A*

374.
228.

177.
237.
227.
313.

262.
255.
321.
281.

360.
349.
346.
400.

368.
497.
361.
313.

177.
341.
397.

55.5
42.0
65.5
73.5

79.5
106.0
128.0
163.0

155.0
130.0
181.0
183.0

166.0
169.0
190.0
127.0

174.0
130.0

187.0

182.0
169.0

59.0
56.0

79.5
30o 0

104.0
103.0

122.0

116.0
q8.5

89.5
116.0
105.0
122.0

114.0
122.0
112.0
86.5

llq.0
104.0
133.0
130.0

121.0
220.0
134.0
182.0

227.0
180.0
229.0

646.
736.
612.

776.
234.
656.
732.

23b.
571.
'.39.

751.

766.
65b.
766.
675.

J22.
746.

797.

750.

739.
64C.
602.

649.
591.
622.
603.

721.

667.
b36.
672.

77t.
61it.
574.

476.

!?0 1.

502.
36,.
573.
610.

247.
455.
464.

QUE C H

(SECONDS)

164.6
155.9
205.E
312.7

377.7
713.C
4b2.3

704.C
468.t
462.2
466.4

477.5
5C6.3
497.7
4*3.0

508.1
515.1

5C(; 3

525.6
520.t
524.S
544.6

553.6
550.!
5v4.t
560.7

s5ý3 . t;

o43.0C
576.7

563.6
620.1

606.2

574.t
61b.t

051.c
662.9

644.0
6C5.t

651.C

641. t
635.9
63a*C
516.5

455.C
029. C
542. '

4C 9-
1ID13-
48 10-
5010-

2A11- 0
4Cl1- 0
1011- 6

K-556



kUi 41711E HEATER ROD STATISTICAL DATA

U,

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
7d
79
80
81
82
84
90
96

102
111
120
132
138

ELEV
12
24
39
45
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

INITIAL TEfl (CEC( F)

MAX MiN tcAt.
642.7 6t12. 632.6
919.s 647.1 E79.8

1249.9 .1158.7 118o.5
1424.2 1343.4 1378.4
1536.0C 1503.6 11t.5
1608.5 i51o.1 1550.4
1596.1 154b.8 1572.1
1490.C 149C9-4 14sC.C
152t.3 152U.3 1524.3
1500.7 1470.1 14.0.3
1562.3 1477.i 1.13.4
1507.3 1497.5 1523.3
1595.C i.77.2 1539.9
15sO.9 1524.1 1552.8
1572.3 1466.5 1514.0
1562.t 1!62.6 1!f2.6
1513.3 1513.3 1513.3
1547.0 142t.2 ISC0.9
1566.3 1_2d.d 1457.5
1403.q 12v4.o 1357.4
1517.2 7b1.3 1176.2
1061.3 bb8.1 970.4
1148.3 574.1 174.9
636.C 453.9 121.2
565.4 317.1 441.3

TEA#) klSt (V( F)

MAX TEMP (DEG F)

MAX MIN MEAN
653.1 623.6 643.3
941.8 873.7 902.3

1301.6 1233.8 1261.2
1533.3 1464.4 1492.4
1679.9 1658.1 1667.2
1789.9 1663.6 1728.2
1798.5 1772.0 1787.6
1694.1 1694.1 1694.1
1760.S 1757.5 1759.2
1693.0 1672.3 1581.8
1774.3 1675.5 1708.,
1784.3 1655.9 1705.5
1815.7 1669.0 1735.5
1799.9 1693.0 1743.3
1816.0 1665.7 1727.2
1819.1 1819.1 1819,1
1738.E 1738.6 173P.6
1733.C 1589.5 1570.4
1772.C 1578.7 1670.0
1716.3 1511.7 1634.5
1745.3 1005.7 1477.0
1458.0 1155.7 1304.7
1436.6 1001.6 1172.5
976.9 6b6.8 771.5
772.2 714.0 743.1

QUENCH TEMP (DEG F)

MAX10.5
18.5
55.5
76.0
73.5

129.0
127.0
166.0
128.0
195.0
183.0
193.0
193.0
188.0
196.0
12Q.0
185.0

80.0
122.0
130.0
13P.n
161.0
220.0
236.0
229.0

rdh

15.0
42.0

63.C
e3.0

12t.0
1f2.0
130.L.

121.0
117.0
126.0
13C.0

129.L
it) ". C,

61.0

86.5

C, 3. Q
103.0

171. C0

TURNA~uUNL TiAm (SLL)

17.G
50.3

t5.7

104.3

12E .*
176.3

1 1b6. 11
,70.7
182.;

175.2

1 29. C
io5.C

67.4
105.1
I 1u.5

123.9
170.6
210. t
200.0

OULi,4iH 11 1tL ( EC )

MAX
10.8
25.5
86.2

121.c
160. C
190.3
252.C
204. 0
235.2
210.4
216.6
217.0
234.6
219.C
248.6
255.5
225.3
198.t
374.1
312.8
360.2
406.5
49o.t
340.9
396.S

10.%
10.4

51.7
109.1
142.2
14k . 7
19o.0
204.0
234 .6
174.b
165.0
15b.3
151.6
138.6
lb4.3
256.5
225.3
133.S
175.5
226.9
224.4
214.8
23Z.8
17b.5
20a.b

ttAN
10.7
22.4
14.6

113.9
14b.7
171.7
215.6
204.0
234.9
191.5
195.1
182.2
195.6
I9C.5
213.3
256.5
225.3
169.5
212.5
277.1
3C0.8
334.3
397.6
24b.3
,C1.6

MAX577.2
657.5
756.9
827.8
628.1
932.1
889.3
824.3
655.7

1003.3
939.2
907.0
871.9
819.7
804.1
707.6
796.7
655.2
743.2
776.2
623.7
629.8
667.9
521. 1
484.3

MIN552.0
650.1
645.9
762.1
782.6
776.3
834.4
824.3
611.3
595.7
571.1
629.6
521.5
727.4
718.5
707.6
796.7
591.4
568.5
612.1
475.8
448.2
359.7
246.8
473.2

MEAN
568.1
653.a
702.1
800.6
709.4
847.3
870.5
824.3
633.5
760.3
743.3
746.3
757.0
773.7
749.2
707.6
796.7
627.1
656.8
654.6
582.9
513.7
540.3
431.3
478.8

MAX27.0
66.9

164.8
217.7
319.1
400.6
434.7
358.3
482.3
476.8
490.9
509.8
515.1
515.9
535.7
532.6
521.7
559.3
643.0
639.3
662.9
668.8
672.0
629.0
576.3

I,. I h~
64.b

144.c
205.6
301.t
366.7
415.7
358.3

377.6
4t2.3
419.4
409.8
4,t.9
513.6

j 32. t
521.7
524.9
553.8
574.0
42 t.t
53C. o
4CZ.3
341.6
542.5

hEAN2b.3
66.1

156.6
2Cb.1
313.2
383.5
424.4
358.3
47t. 9

424.5
47t.3
465.4
4r93. 3

523.3
532.t
521.7
545.7

u17.9
EC7.C
t24.C
603.0
487.4
559. 4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42711F

Test D ate: 7/7/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.141 MPa (20.5 psia)

876 0 C (1609 0 F), 3C 1.78 m

(70 in.)

1.31 kw/m (0.399 kw/ft)

15.2 mm/sec (0.597 in./sec)

31 0 C (88 0 F)

513 0 C (494 0 C - 522 0 C)

[956°F (9220F - 972°F)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+0.5% increasing linearly -3.5% by 200 seconds and -2%

thereafter(a)

-0.5% increasing linearly to -2%(a)

a. Relative to run 43511A

K-558



RODIELEV

FLcCI1 SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMbER42711F

TIhIIAL MAXIMUM TEMPERATURE TURNAROUND QUELCM
CHAN. H U I FT LC0L TtPVERATURE RISF TIMW TLMP KEA ILO

t0EL i) tutG F) (DEG F) (SECONDS) W LC F I

2A
4C

26

24
5Z
20
1D

3D
48
50
10

2A
20
3B
3C

3E
4C
5C
3{D

3 :

4A
1C
20

30
50
20
2C

2-,

3A
36
40

5C
1 1
21
3D

58

10

3-
3-
4-
5-

5-
6-
6-

6-
6-
6-
6-

6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-

8-

8-
8-

8-
8-

8-

8-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6
7

8
8
0
0

6

7
12

14
33
39
4 6

50
51
56
58

59
62
b3
69

7C
73
73
85

95
log
liC

113
117
12C
121

123
124
125

132
133
136
13E

143
14'.t
145
14t

148
153
155
159

161
16'
166
16S

1146.
12 42.
1370.
illCC.

1516.

14t4.

1493.
1513.

1461.

14e1.

1b30.
15t 5.
1555.

159C.

1542.
15 k2.

1596.
1411.
1511k
1521.

15CA.
1411.

i533.

143.
1551.
15C6.

1414.i
1305.
12it).
i4 a.

1255.
1352.

111".

1257.
121i.
114q.
IC !4 .

1027.

1€2.

1204.
1276.
1441.
1625,.

1657.
1632.
160E.
1620.

1750.
1672.
1583.
1613.

1596.
1681.
1717.
1766.

i65 6.
1735.
1657.
1752.

1783.
1601.
1643.
1655.

1694.
1554.
1677.
1703.

1536.
1578.
1707.
1673.

1620.
1586.
14 5.
1679.

1411.
1561.
144.6
1334.

1541.
1514.
I417.
1370.

1414.
991.

1252.
1073.

55.
33.
71.

126.

122.
181.
174.
136.

256.
120.

97.
133.

116.
151.
153.
212.

171.
146.
115.
170.

185.
143.
137.
126.

131.
143.
166.
170.ý

133.
95.

157.
165.

146.
222.
188.
252.

156.
210.
296.
220.

334.
295.
26R.
316.

327.
388.
371.
300.

0
0
6
6

42.5
26.0
54.0
55.5

73.0
144.0
139.0
150.0

128.0
75.0

143.0
151.0

150.0
139.0
111.0
108.0

156.(
73.5
65.5

111.0

104.0
91.0
59.0
47.0

64.0
65.5
76.5

74.0

72.5
65.5
6O.0
71.0

70.5
104.0

78.5
109.0

110.0
92.0

105.0
76.5

109.0
89.0

143.0
131.0

127.0
229.0
192.0
199.0

210.0
205.0

t4b.
74tc.
74b.
73b.

656.
24Y.

co ut; L.

cc3,

213.

7(,t.

77L.
0j4.

s78.

241.
73i.

756.
t7 c.

615.

174.

býct.

5cc.

56C.'41.
b" t.
7UL.

"45.

(L 4.

716.
b53.
be b.
71b.

Ob 4.
t22.

tic.
532.

544.

57.•.

51.

247.
491.

QUL NC
TI 2.

152.2

i44.9

40. L
3tt. t
377.4

60o.0

4 72 . t
394.5

430,4

424,. C

474. C

471.3
4,92.06

471.6
4c4.7
515.7

513.C

515.1
513.S
549.6
D33. 1

535.5

2,44.8t

-. 3. 3
5 73. C
5ý72.9S

5o6. C
5 t9. 1

579.9

5,3. t

573,•

5S 7 . '
6 11. C

627.C

527.4

6
6
6
6

6
0
0
0

0
0
6
6

2C 8- 6
4B 8- 6
5D 8- 6
30 9- 3

4C 9- 3
I100- 0
4•10- 0
5D10- 0

2A11- 0
4C 11- 0
1011- 6

171
172

525.

T H E k• M O

764. 239.
1039. 355.

C U k PL E DATA#

4t4.L
6tCo. C

K-559



kUN 42711F HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL htFl ALb&8 F) TURNAAjUhL. TlMr (Stc I

CD

ELEV
12
24
39
4b
60
67
70
71
72
73
74
7tý

76
77
7b
79
80
81
84
90
96

102
111
120
132
138

ELEIV

12
24r
39
46
60
67
7 U
71
72
73
74
75
76
77
76
79
80
81
84
90
96
102
111
120
132
13o

MAX Ai I MEAN
724.4 bI1.5 892.9
900.t 90U.6 90O.0

1242.1 •i4J.2 1117.9
1440.9 132o.b 137d.1
1499.4 1420.0 1'157.3
1600.3 L497.t 15,.
1609.C i4&A.2 1477.3
155-..S 150r.5 1532.2
1460.2 1370.6 1415.5
1450.5 139o. 1423.3
1490.2 1376.1 1454.5
1504.1 L40j.5 146U.5
1552.7 1i43.7 14t,.0
15 64. t 14t,0.5 1531.9o
1589-5 1473.C 1528.5
1591.7 1450.5 1529.4
159d.1 145d.0 1524.2
1511.7 1511.7 1511.7
1563,t 14i0.', 15C2.6
1554.9 1394.9 1490.3
1439.6 1254.6 1304.1
1256.7 l086.1 117.8
1087.2 928.4 1C2o.3
681.c 603.6 793.7
683.6 47,.6 54..1
581.2 5to.4 '74.8

MAX
728.5
912.0

1275.5
1510.6
1625.4
1758.6
177b.7
1755.3
1720.7
1685.4
1729.t
1734.1
1750.8
1727.4
1766.4
1751.9
1783.2
1663.6
1704.0
1745.3
1704. C
1590.8
1440.9
1289.1
1038.7
1004.7

MIN MEAN
66b.9 698.7
912.0 912.0

1203.5 1235.2
1401.2 1445.7
1573.3 1596.1
1645.0 1695.8
1576.5 1638.4
1725.2 1740.2
1605.8 1663.2
1622.1 1653.7
1584.1 1665.9
1576.5 1652.8
1583.0 1554.7
1573.3 1649.3
1589.5 1657.3
1597.1 1667.9
1601.4 1686.4
1663.6 1663.6
1553.8 1641.;6
1525.7 1642.8
1410.9 1582.4
1291.2 1452.8
1164.0 1289.6

991.3 1157.5
651.0 811.6
658.2 931.4

MAX
6.5

11.5
54.0
54.0
66.5
87.0

149.0
112.0
138.0
151.0
175.0
152.0
156.0
151.0
156.0
153.0
139.0
139.0
67.0
85.0
110.0
143.0
151.0
229.0
220.0
218.0

tIN
4. F

11.5
2t.u
51.5

82.0

1 12.u
141.0
112.0
IIE.C

65.5

85.5

91.0
13'.O0

bb. 5

62.5
71.1

181.0

205.0
21t.0

P LA h
5.3

52.5

73.5
S3.5

107. 0
125.0
14t. C
134i o
131.5
127.5
134.8
109.7

107 f,
1L.t
I 31o. 0

80.8

73.2

ICC.5
124.1
192. 8
211.5
217.0

TEPP klSL (DEG F) QUENCH TEMP (DEG F) QUtNCH 11h ({ECJ)

MAX
7.4

11.4
83.3
74.4

145.4
156.3
162.',
215.7
26o . 5
234.9
246. C
257.8
256.3
233. C
211.5
167.0
185.1
151.'r
160.7
190.4
264.2
333.9
362.C
410.2
355.1
423.5

M1Ih
4.1

11.4
33.4
55.2
125.6
121.5
141 *.0
200.4
235.0
226.1
161.d
124.9
93.0
68.5
70.9
96.4

139.9
151.9
122.6

94.9
156.3
205.1

300.5
171.4
26v.6

PEAN
5.8

11.4
57.3
67.t

138.8
14C.2
181.1
2C8.C

247.8
230.5
211.4
192.3
1•5.7
137.4
12d.8
13b.5
162.2

13d.9
152.5
218.3
274.0
269.3
363.8
266.5
358.6

MAX
632.4
669.5
745.7
821.8
737.5
880.6
904.9
860.8
264.0

1134.3
984.5

1054.3
992.4
858.7
978 . 1
600.7
829.8
778.5
696.4
718,1
729.7
618.5
621.5
584,6
577.8
510.9

MIN
617.0
669.5
647.6
705.6
669.8
817.9
243.6
244.7
243.6
249.0
244.7
237.1
233.9
239.3
249.0
528.2
706.0
776.5
540.9
645.1
595.1
473.6
543.8
514.8
246.8
504.6

MEAN
624.7
669.5
690.9
780.3
702.2
851.11
535.3
552.7
253.8
691.7
532.3
498.5
570.9
675.8
746.2
742,3
760.7
778.5
610,7
689.5
667.0
534.6
579.0
557.8
459.4
507.7

MAX
24.2
66.2

152.2
209.8
302.8
365.7
631.0
625,0
660.0
488.0
660.0
660.0
660.0
629.0
48n, 9
494.2
501.4
483.7
524.0
552.8
589.1
611.0
614.0
623.0
608.0
620.0

PIN
21.E
tt.2

144.9
19S.4
291.9
342.6
3 7t. 6
318.640C,6

627.0

342.2
423.4
36(;.
3177.4
3 ',4.!O
441.5
430. 7
4 7.b
4t3.7
4s91.5
526.2

588.0
58C.2
50S. 2
527.4
421.1
6Ot. 0

MEMN
23.0
66.2

149.2

204.2
298.2

:OC9. 5
512.8
643.5
415.1
526.C
501.7
509.3
45b.6
4t9.2
469.2
461.0

463.7

509,1
541.4
j76. C
'41.3
:) l. 7

599.9
49C.5
613.0~



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43112A

Test Date: 4/7/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.139 MPa (20.2 psia)

874 0 C (16050 F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

32 0 C (90 0 F)

528 0 C (522°C - 533 0 C)

[982oF (9 720F - 991oF)]

38.51 mm (1.516 in.)

B. Summary Results:

C. Comments:

Total power: exponentially increasing from -0.1% to -1.6% by 770 seconds(a)

a. Relative to soecified conditions

K-561



FLEHI1 SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER43112A

j)/IzL. EV TInITIAL MAXI?1UM TEMPERATURE
CriAN. bU AI FL OD T #MVEK ATURE RISE

Li6i F) (aEG F) (DEG F)

TURNkROUND Q UEmC H
TIME TLMPREAIURL
(SECONDS) (06G F)

3-
3-
4-

5-

6-
6-
0-

6-

6-

5-
6-
7-

6-

6-

7-
7-

7-
7-
7-
7-

7-
7-
7-

7-

7-

7-

7-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

14
i7

21
50
53
5 b

ol

63
68
ol,

70
75
7 f

85
66
95
y 7

9 4C.

1262.
1332.

1403.
14b3.
1 5 37.i5so7,15%.C.

i513.
1466.

1545.
14ti.

1472.
15t7.
1.5 2.
1556.

156t.

1500,
1546.
14i6.

1278.
1447.
13t1.
1410.

1094.
1149.
1466.
1595.

1798.
1860.
1968.
2011.

1838.
1832.
1966.
1686.

1862.
2025.
2002.
1990.

2048.
1910.
2027.
1866.

1630.
1780.
1660.
1635.

155.
133.
204.
263.

334.
377.
392.
421.

326.
366.!
421.
405.

390.
458.;
473.
434.

480.
410.
481.
438.

352.
333.,
273.
225.

5
5

6

3D
51
2B
2:

2 E
3A
36

43

5:

2 E
4:

58
5C

10

0
6
0
0

60

6
6

6
6
6
6

6
0
0
6

115
117
12 AL
121

9b
101
I C
111

0
0
6.

122
i23
124
127

12©
131
133
1 36

138
139
1',1

142

143
145
14t
1,4

156
1ol
164
167

168
L70
172

1437.
132d.

Tn k hOC
14Co.

12b4.
1304.
14Z3.
131t.

1259.
1225.
8 7.

1536.

12lE.
1123.
1070.

1117.
11C6.

S22.

952.
510.
731.
639.

4-19.
059.
3W.

1682.
1649.

J U P L E D A
1721.

1560.
1617.
1752.
1749.

1560.
1597.
1198.
2011.

1609..
1471.
1357.
1245.

1397.
1374.
13dO.
1290.

1260.
938.

1054.
1017.

680.
802.
707.

246.
322.

T A
315.

276.
313.
329.
353.

302.
372.
329.
475.

391.
348.
288.
226.

280.
266.
343.
368.

308.
428.
324.
378.

202.
244.
340.

26.5
23.5
50.5
7q.0

81.5
8q.5
88.0
91.0

67.0
89.0

94.0
98.0

102.0
91.5
98.0
98.0

99.5
95. 5

101.o
104.0

82.5
71.5

54.0
25.5

32.5
95.5

53.0

55.0
68. 5
53.0
70.0

66.0
81.5
QO.5
96.5

97.0

96.5
53.5
45.0

45.0
36.5
95.5
91.0

67.0
120.0

87.5
131.0

107.0
96.5

137.0

620.
852.
766.
7b3.

955.
977.
863.
976.

951.
99o.
096.
697.

946.
1011.

b97.
644.

927.

918.
914.

754.
b02.
732.
676.

785.
772.

81b .

o12.
701.
7ot.
75 9.

714.
712.
664.
967.

779.

647.
55b.
56.L

662.
604.
576.
651.

b61.
247.
57o.
505.

604.
249.
247.

QUENC t

(SECONDS)

96.3
102.7
187.t
26b.b

375.6
479.5
463.5
488.7

464.6
496.t
514.6
498.t

516.6
509.6
547.t
528.5

529.6
525.4
545.(
534.,

661.0
520.7
617.5
608.9

602.S
562.3

633.0

617.7
664.6
639.6
646.t

619.9
68b.7
697.3
536.7

645.4
657.S
720.0
670.1

698.0
720.3
729.1
739. C

724. C
723.C
706.0
752.0

264.0
573. C
298.C

2: 6-

30 4-

4C 4-
Iu10-

4313-
5D 13-

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1311- 6

K-562



RuN 43112A HEATER ROD STATTSTICAL DATA

INITIAL TEMtl (0k6 F) MAX TEMP (DEG F) TUR4A.1UUNL TIME (SEC)

ELEV
12
24
39

bu
67
7U
7i
72
74
75
76

77
7b

p "
90
9o

102
11i
12u
132
13o

12
24
3v
4 d
60
67
7U
71
72
7'
75
76
77
7o
8'
90
9b

102
111
12U
132
13b

MAA
494.8
b74. 1

1018.1
12oo.2
142o.0
1554.2

1599.2
1004.7

1579.6
15 7, 4
1567 1
1546.3
14 3o8.t
1422.7
12 vo. '

1117.2
1liot. 9.

73u . t

556.6
523 . b

MIN
459.1
584.4
b93 .4

117o.5
1304.b

149o.7
±4910 . b
14t5.5

1484.4
.L433. 4
1420.*0
i25?. 5
.L24U.0

U61, b
1010.1
79oD .0
501, . 8
41o.4
36).6b

PEAN
471.0
L28.3

1124.9
13,.3.9
14b9.2
1551.1
1555.5

1546.3
1545.*3
153%.1
1531.9
1512.0
1493.0
1366.1
1341.0
1 97.6
1Ct5.1

t97. 4
651o*

4S8.1
4.44.2

MAX
511.9
742.0

1149.4
1481.6
1654.8
1908.6
2003.8
2026.4
2027.2
2017.9
2034.2
2045.9
2048.3
2027.2
1697.4
1751.9
1672.3
1422.7
1346.0
1106.8

002.3
774.2

MIN
485.0
663.6

1038.7
1389.7
1529.0
1797.7
1854.2
1840.5
1823.7
1813.5
1631.6
1862.1
1824 . R
1779.8
1510.6
1519.2
1198.3
1245.2
1076.9

937.7
680.4
701.5

MEAN
493.9
701.

1094.2
1435.1
1580.1
1829.6
1922.9
1936.4
1914.3
1939.2
1950.3
1959.7
1948.9
1936.6
1634.7
1654.3
1562.4
1342.2
119 9.•7
1033.0

719.0
733.5

MAX
7.5

18.0
26.5
60.0
79.0
81.5
85.5
94.0
100.0

97.5
98.0

102.0
101.0
107.0
95.5
70.0
97.0
95.5

107.0
148.0
145.0
145.0

PIN
6.0

23.5
47.0
36.0
70.5
62.0
00.5
7C. 0
t7.0

91.5
91. U
71.5
25.5
44.5

3C.5
54.0
07.5

•7 .0

MEAN
7.0

17.4
24.6b
55.3
59.9
75.9

65.4
67.3
90.1
94. o
95.6
97.0
67.0
52.1
59.9
t4.3
5C.7
71.0

112.2
114.1
125.6

LO TEPP KI3 luEG F) QUENCH TEMP (DEG F) OUt:N4H 1IME (SEC)

25 .9r
7 . 2

154.6
213.4
Zb2.S

349.4
405.7
429 . 2
422.5
433.6
454t.4
470.5
4o60.

321.6
352 . t
390,*9

342.5
367.6
427.9
243.5
34•0 I

MI h
17.1
67.9

133.3
203.6
21o.C

3 4$3 . *
354 . 3
34u.6
312.0
321 .
3b8.1
390.2

3111. 4
332.5

225 *.
278.4

32b.7
228.1
259.G
30: . 3
201.8
229 o.4

MEAN
21.9
73.3

144.4
210.4

238.2
340. 5
371.8
380.9

393.9
416.2
'27.7
436.9
.443.8
itb.6
313.3

364.7
277.1
3C2.3
381.9
220.9
269 .3

MAX
504.5
702.0
852.1
914.6
827.2
958.2
971.9

1066o7
998.3
1042.1
996.0

1011.0
999.2
9a886
785. 0
839.7
803.9
b51 . 5
717.5
631 . 6
603.6
599.3

MIN
483.0
635.7
761.6
757.0
695.5
911.1
842.5
792.3
808.8
859.2
853.4
860.3
844.3
662.6
640.9
701*i
646.2
552.7
472.2
246.8
249.0
246.8

MEAN
491.1
662.6
811.4
837.1
748.3
938.5
898.2
906.5
923.2
940.0
925.8
931.0
919.9
913.0
718.
768.8
722.5
595.19
614.0
521.3
483.4
318.1

MAX
9.0

32.9
136.8
187.6
299.6
384.6
443.4
455.4
473.4
500.4
514.6
528.6
539.7
559.6
621.1
664.6
697.3
729.1
755.0
771.0
573.0
555.0

PIN
b.9

24.9
96.3

151.7
28t.5
375.6

411.6
431.6
423.5
4 55.

S23.6

52C.7
562.3
b17.7
64". 4
673.9
548.6
641.7
26b4.0
296.0

MEAN
9.0

27.9
102.0
165.4
292.5
360.0
426.3
442.7
450.4
480.5
502.3
511.0
528.2
541.7
oCl.9
b37.5
677.6
707.2
698.C
729.6
435.0

439.b



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43412B

Test Date: 6/26/80

Test Type: ForcedReflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.140 MPa (20.3 psia)

877 0 C (1610 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

31 0 C (88 0 F)

528 0C (519 0 C - 533 0C)

[982oF (9670F - 991oF)]

29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow: -0.5% with step to -1% at 150 seconds for 100 seconds, and

-0.5% thereafter(a)

a. Relative to run 43112A

K-564



RODIELEV

FLEZ-T SEASET 21 RJ0 BUNULE TEST SERIES
Kil NJM3EA43412k

TI4ITIAL 4AXIiUA TEIIPEKATVKE TUR4AR0J'O JUENCH
CHA4. NO AT FLOOD TE.IPERAITLE A1.E TIME TEMPkEATJKE

(DEG F) (DEG F) (OEG F) (SE.34)il (uEG F)

24
4C
2C
26

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

6
6

0

9

14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110

S11

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
1 61
167

1103.
1197.
1301.
1374.

1484.
1429.
1510.
1556.

1493.
1445.
1539.
1424.

1446.
1530.
1563.
1595.

1471.
1571.
1536.

1430.

1547.
1459.
1429.
1458.

1493.
1378.
1446.
1464.

1313.
1420.
1463.
1462.

1421.
1303.
1206.
1341.

1219.
1317.
1134.
1072.

1194.
1214.
1096.

988.

1045.
628.
872.
686.

1267.
1315.
1482.
1681.

1840.
1763.
1862.
1870.

1830.
1771.
1b 52.
1843.

1788.
1888.
1910.
1942.

1804.
1963.
19 35.
1O07.

1948.
1836.
1035.
1632.

1695.
1584.
170o.
1739.

1547.
16o5.
1746.
1732.

1722.
1617.
1553.
1682.

1541.
1663.
1336.
1283.

1416.
1534.
1324.
1302.

1322.
1043.
1159.
1012.

164.
118.
181.
3D7.

356.
334.
352.
314.

337.
326.
313.
419.

342.
359.
346.
347.

333.
39 1.
399.
376.

400.
378.
207.
174.

Z02.
207.
260.
274.

235.
2 ;5.
284.
270.

300.
3.4.
347.
341.

322.
346.

202.
211.

223.

320.
228.
313.

276.
415.
287.
325.

35.0
28.0
47.0

112.0

1? 2. 20
126.0
1?6. 0
153.0

154.0
126.0
149.0
170.0

148.0
123.0
124.0
126.0

147.0
123.0
122.0
153.0

151.0
173.0
49.5
32.0

33.0
153.0

51.5
56.0

43.5
53.0
5 2.5
51.5

76.5
84.0
128.0
8O. 0

q9.0
?9.5
47.5
46. 10

44.0
30.5
56.5
73.0

67.0
1•5.0

0. 5
125.0

0
0
6
6

6
6
6
6

709.
779.

716.
734.

899.
83Z.
635.
760.

937.
851.

807.
826.

843.

dd5.
897.

878.
8d6.
911.
7)4.

979.
862.
722.
743.

70d.
745.
705.

631.
8ju.
747.

7o4.

754.
726.

b22.

801.

733.
5)3.
b0)6.

63d.
645.
DD2.
bo9.

678.
439.
5,93.
558.

454.

3JENCH
TIME

(S EIONOi)

137.9
133.8
204.5
324.1

423.5
519.6
570.9
527.6

523.8
484.8
548. 7
593.6

553.5
586.7
5S2.6
5b9. 7

571.7

584. 7
570.7
5d 5. 5

574.6
j84. 6
t3 6.9
650.9

b18.9
0o7.,0
693.7
091 . 9

706.6
673.b
bo2.3
od 7. 5

594.7
724.2
735.8
702.6

750.1
740.9
759.J
7D i. o

702.0
754.9
796.9
760.0

755. 0
617.9
814.9
735.)

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

4C 9-
II0-
4810-
5010-

211- 0
4C11- 0
1011- 6

168
S8 A
*B A

532.
J T H E R M
0 THE R M 3

697. 165.
C OUP L E uDA r A
C JU M L E A T A*

51.0 727.0

K-565



RUN 434128 HEATEA PJJ iTAflsIflAL DAT4

MAX TEMP (OEG F)1I4TIAL TEMP (DEG F) TJR4AUUNJ I11E (SEO)

Ln

0'"

ELEV
12
24
39
48
r)0

67
70
71
72
74
75
76
77
78
84
90
96

102
111
120
132
138

ELEV
12
24

39
48
60
67
73
71
72
74
75
76
77
78
84
90
96

102
111
120
132
138

MAX
600.2
879.7

1196.7
1365.1
1471.4
1582.5
1610.0
1595.4
1478.9
1555.8
1590.4
1600.2
1594 .7
1571.4
1493.2
1464..3
1346.2
1214.5
1045.1

371.8
552.6
505.4

rAN
535.1
791.0

1095.6
1261.4
1354.9
1472.9
1496.0
1408.2
1424.3
1429.2
1424.3
1445.7
1381.4
1418.9
1359.8
1312.6
12 0.j . 1
1071.9

723.8
610.7
511.2
456.7

MEAN
557.9
823.7

1125.3
1299.0
1392.3
1507.7
1545.3
1506.4
1461.1
1505.1
1516.8
1514.0
1503.2
1486.6
1429.3
1414.3
1294.6
1133.0
969.5
740.3
531.9
505.2

MAX
614.1
931.5

1315.2
1592.7
1685. 4
1910.9
1975. 1
1961.3
1837.2
1910.9
1922.3
1916.b
19,4.5
1962.5
l195.
1746.4
i687.5
1534.4
1.21.5
1169.2

756.6
643.7

MIN
556.7
848.9

1253.6
14b64.4
15d3.0
1779.8
1832.7

1748.6
1729.6
1756.4
1770.9
1776.5
1751.9
1777.6

1547.3
1540.9
1282.8

1123.4
1011.9
697.3
720.2

MEAN
576.6
879.9

1273.4
1516.1
1641.5
1839.0
1901.5
8 54.-4

1788.9
1847.4
1854.4
1d55.o
1870.6

1871.6
1632.5
1684.0
1624.2
1367.4
1236.6
1087.8

719.8
780.2

IAX
7.5

17.5
35.0
53.3

112.0
122.0
125.0
171.0
155.3
174.0
173.0
167.0
174 .0
173.0
174.0
1ý4.0
128.0

93.5
153.0
126.0
155.0
153.3

b.5
10.0
27.,
4;7.0
4d .0

84 .
80.5
90 . 3)

122.0
122.0
121.*0
123.j
123.J
121.u

42.0
78.5
44.0
52.5
88.5
80..

114.0

MEAN
7.3

16.4
31.0
55.1
68.9

102.3
11i .1
128 . 0
135.6
13d.5
139.4
139.1
140.7
130.7

o6.4
64.3
92.6
53.2
78.5

113.1
105•8
1i2.3

TEMP 41SE (3EG F) QUENCH rEnP (DEG F)

AAX
21.6
68.2

164.4
257.0
307.2
355.9
371. 6
365.9
363.3
395.1
418.6
374.3
394.1
400.9
242.5
338.0
362.3
319.9
406.9
447.6
245.4
324.2

MIN
13.9
49.5

118.5
180.9
214.0
288.0
335.6
318.0
305.3
298.3
293.2
316.4
333.0
354.4
174.*4
234.7
300.0
200.0
203.5
284.8
153.0
236.5

MEA•N
18.8
56.2

148.1
217.1
249.3
331.3
356.2
348.0
327.8
342.3
337.7
341.6
367.5
385.0
203.2
270.2
329.6
234.5
267.1
347.4
187.9
275.0

MAX
579.4

779.0
654.4
786.8
940.

1000.8
1002.3

920.8
1152.4

925.9
950.9
906.4
979. Z
811.1
854.4
811.4
694.6
o78.4
593.3
861.2
506.7

MIN
j49.3
650.1
708.5
71o.3
733.6
63 .6

662.3
838.6
760.8
bli.8
782.1
793.0
800.2
793.8

682.8
631.2
601.1
j52.5

1LL.9
449.5
454.0
Z46. u

MEAN
558.8
670.1
731.9
780.4
761.4
897. 4
94.3.8
909.d
83o.9
825.5
844.1
885.4
853.3
860.7
729.4
758.0
721.0
005.5
602.9
560.1
493.1
312.3

QUENCH riME (4EC)

MAX M1.4 mEAN
14.3 11.5 12.9
51.9 50.3 51.4

138.4 133.d 136.7
204.7 199.6 202.7
335.6 317.7 325.5
434.6 407.3 422.3
471.7 44).j 462.4
532.7 462.6 4689.5
536.8 492.7 499.8
570.9 503.3 835.4
593.6 484.8 552.1
585.7 543.6 559.0
596.8 556.6 572.8
535.7 570.7 585.4
567.0 618.4 642.9
718.9 666.d o84.1
750.1 702.a 725.2
795.9 749.4 763.6
904.8 755.3 774.7
824.5 735.4 d04.0
727.0 372.4 605.6
78?.0 582.3 691.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42912C

Test Date: 8/28/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.137 MPa (19.9 psia)

878 0 C (1613 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

32 0 C (90 0 F)

547 0 C (532 0 C - 556 0 C)

[1016°F (989°F - 1033°F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dpl ane:

+9% for 10 seconds, and approximately 1.5% thereafter with

±1% oscillations(a)

-0.25% constant(a)

approximately +3%(a)

a. Relative to run 43112A

K-567



ROO I/LEV

21 3- 3
4Z 3- 3
IC 4- 0
24 5- 0

FLcCil SEASET 21 ROD BUNDLE TFST SERIES
RUN NUMBER42912C

TINITIAL MAXIMUM TEMPERATURE TURNAROUL4D QUENCH
CHAN. IU Al FLC.D f flEAE.ATURt RISE TIME TLMPREAl tk

(DEC -) (WJEG F) (DEG F) (SECONDS) (DE- F)

2A
I D
2U
3)

43
5C
IA)

5)

24
38
2D
3:

31
3C
3D
4A

4C
5C
1 ̂
28

3D
58
23
2:

2E
3A
38
4B

5C
I C
21
30

53
5 :
'C
ID

2C

44
50
3 D

5-
6-
6-
5-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-

7-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-
3-
6-

8-
5-

3-

7
2
2
2

2
2
3
3

4
4
5
5

5
6
6
6

6
6
0
0

0
0
b
6

6
6
6
6

4
11

14
17

21
50C
53
56

So

b0±

03

7C
75
64

95

97

98
101
110
111

115
117
120
121

i22

123
124
12 7

12a
131
133
L 36

138
i 3';
141
142

lCoO.
12 22ý.
1353.
14(.C.

151a.
14S2.
1511.

1505.

15)1.

147o.
1475.

14S5.

1557.

15S4.

1530.
1577.
15 1 t.
14 i 9.

154t.
14,6.
1457.

14•1.
13)).
14t1.
14t2.

1335.
±430.

1454.

1443.
131o.
12)7.
13t5.

1216.
138o.,
iI•4.

lOt5.

T L K M L

1114.

1020.

104b.
64C.
643.

547.
6-14.
41b.

1234.
1333.
1565.
1704.

1830.
1693.
1751.
1736.

1778.
1788.
1712.
1725.

1727.
1817.
1515.
1378.

1744.
1dds.8
1i58.
1766.

1866.
1781.
1620.
1583.

1635.
1558.
1673.
1727.

1596.
1o65.
1700.
1710.

1670.
1612.
1559.
160 0.

1525.
1640.
1379.
1309.

.U L P L E A T A
1355.
1376.
1334.

1299.
9a3.

1128.
1013.

742.
d77.
722.

16R.
111,.

212.
295.

313.
201.
240.
172.

206.
302.
233.
230.

253.
239.
260.
284.

214.
311.
302.
289.

310.
233.
163.
126.

155.
181.
213.
245.

?61.
229.
232.
256.

227.
297.
282.
206.

309.
272.
225.
224.

196.
262.
306.

250.
337.
284.
319.

195.
243.
306.

42.0
39.0
58.0
97.0

89.5
112.0
120.0
118.0

54.0
137.0
115.0
65.0

68.0
56.5
69.0
68.0

61.5
89.5
66.5
67.5

66.0
65.5
33.0
15. 5

32.5
50.5
40.5
53.0

69.5
50.0
50.0
52.5

54.0
79.0

118.0
67. 5

92.0
65.0
51 .5
55. 5

94a.

73C.
7t) 5.

567.
boo.

8143.

b(;3.
02.

1021.
b51.
7d1.

t45.

020.
b014.

o77.
o35.
675.
t29.

67t.

741.

65o.
72L.
764.
733.

75..
60b.

093.o

13o.

655.
772.

675.

561.

562.
59o.

:29o4.
627.

754.

24.5.

433.

241.

5t•o.

QUhNCh
TIME

(SECONDS)

117.5
136.8
215.3
335.8

439.8
553.6
590-'

598. C

5t9.5
522.5
574.7
577.5

457.4
575.7
613.5
587.6

531.6
605.8
639.t
6C6.t

616.8
000.7
b00.3
669.4

695.S
667.4
732.8
742.t

721.6
707.7
723.6
742.6

7C0.2
7d1 . 7
756.d
776.1

759.7
739.S
o19. C
304.5

825.6
821.4
339.C

o26. C
633.8
8e6.0

733. C

559.3
634.C
633. C

6

0

0
0

00

6

0

6

3

3
0
0
0

i54

35.5
66.0
60.0

4: )-

4310-
5013-

156
ioi
lo4
167

1lb
17C
172

55.5
125.0

68.5
101.0

93.0
75.0

142.0

2811- G
4Cl- 0
1011- 6

K-5 68



KIU,. 42912C HIEATER RiO STATISTICAL DATA

MAX TEMP (DEG F)iNITIAL TLMP (0Ot r) TURN •AUUNL TiMIo (SEC)

ELLV
12
2't
39
4'b
60
b7
70
71
72
7.4
75
7b
77
7 o
6'.

102

12u

132
136

MAX ML N PEAh
633. 7 36(). 4 -!4. 6
672.2 775.9 k2b.3

1221.c i065.7 1132.0
1379.3 1310.9 133Y.5
1415.b 1400.o 140o.4
1O12.5 1, 3, 1.32.2
159 .0 14o .2 1 t2.,
1557.2 .47o.7 1533.1
1525.9 1i..4.0 1.I.,9
1566. 4 4'b6.0 112,4. 5

0oO0.1 147t.Y 1542.4

1601.2 14o3., 1540.9
i5'.'..C 14b3.t 1,37.6
15 77 .'4 ±43:?. 7 -')2 .1
1491.7 125i.0 1422.U
1462.4 1333s? 7 l13c.3
137'.. L2,).c I2 . 1324.o

IU63.3 41.i.4 1(23.3
va0.3 04o.3 77;.2
o33.7 434.5 D0.O
,77.2 41 .o '

2
0 . 4

MAX MIN MEAN
640.4 549.2 579.7
415.1 629.2 870.3

1333.1 1233.8 1286.3
1600.3 1535.5 1572.,7
1766.5 1704.0 1757.1
1961.3 1610.1 1854.4
1985.4 1876.8 1936.,6
1914.3 1o14.6 1868.1
1d56.4 162l.2 1942.3
1777.b 1662.5 1725.8
1I31.( 1679.9 1760.8
1358.7 1712.9 1774.7
i177.9 1717.4 1799.1
1o88.1 1740.8 1813.2
1665.4 1409.8 1594.7
1727.4 1530.9 1671.5
1664.6 1524.6 1614.2
1422.7 1309.0 1369.7
1334.1 1164.0 1271.r9
1206.6 483.1 1106.3
67b.8 710.A 775.2
143.7 703.6 769.0

QUtNCH TEIP (DEG F)

4&X
5.5

16.5
42.0
77.5

114.0
107.0
130.0
129.0
130.0
134.0
117.0

115.0
117.0
120.0

50.5
69.5

118.0
66.0
69.0

126.0
115.0
142.0

hl N

4. t,
14.0
3t.0
j11 .5

106.0
106.0

t1.1

54.u
J6. u,
5t.

15.5
4C.
54.0

73.0
93.5

MEAN
4.8

15.2
39.b
64.3

103.0
95.9

116. 4
116.b

99.3
101.0
76.2
6b.1
72.1
77.7
36.2
52.6
75.C
53.4
60.1

ICC. 2
90.3

117.7

Ik-n
O3,
ý.o

Trce Ki. Sc (0ts r) OUENý.r1• IM ( SEC)

-Lrv
12
2'4
3",0

4 5
60
67
70
71
72
74
75
76
77
7o
84
90

102
I111
izu
132
13o

MAX

,.i. 3
170. 7
2 ?7? . 5
3a0. I
3 4,o.

357. 1
333. 5
23'9.7

257.5

310. 7
20'0. 1
2 *i. 3
309).7
2b2. 1
30o . 5
407 . 2
27o. 2
390.,t

MI.
3o.7

35z.7o i. *7
3j 7

30s *4

35ý7 * ,

314.2
1i2 .2

17o..
2.L3 . 9
232.7
125 . 9
147.0

271.o

210.6
215.1

Z'0 . b

EAN
I0.2
43.9

15".3
i33.2
34o.7
'22.2
3 74.5
33,t .9
322.'
197.3
215.4
233.4

172.7
235.2

icO.5

331.1
i25.2
3ýc, 6

MAX
587.2
694.1
947.8
792.3
655.5
964.5

915.6
945.*0
929.*9
922.I

1020. 7
934.7
d77.1
7j9.5

7b 3.*9
772.4
615.3
o09.1
529.9
521.5

4b * 4

MIN
544.3
646.5
677.6
729.6
736.2
622.4
641.5
805.4
90d.7
560.2
745.1
773.9

781.4
747.9
624.2
655.6
o54.8

561.1
557.1
244.7
241.*4
240.4

MEAN
551.2

675.2
800.2

759.9
792.2
884.3
876.6
861.2
926.8
747.6
,357.8
863.5
362.0
827.3
697.9
735.6
726.0
585.1

5R9. 6
502.4
428.4
293.4

MAX
15-.4
53.9

136.8
215.7
346.6
446.4
502.7
515.6
501.4
59B8O

595.7
613.5

619.4
639.6
696.9
742.8
784.4
825.6
846.P
886.0
834.0
718.0

45.4
112.5
203.7
335.o

'.33.4

4E1.4

497.5
) 27.6
5 tC.?7
453.4

642.7
67 5.'t
739.4

75S.3
623.1

6zc. 1

('EA.
11.1
50.C

i3G.4
212.2
341.7
440.0
493.8
101.4

499.*4
564.9
J77.1
572.1
597.1

605.1
t72.4
720.5
764.4
c14.8
615.2
7t8. 3

1?6 7. C



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42512D

Test Date: 10/18/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.143 MPa (20.7 psia)

877 0 C (1611 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

31 0 C (88 0 F)

536 0 C (525 0 C - 545 0 C)

[996 0 F (977 0F - 1013°F)]

36.1 mm (1.42 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

±2.5% for 40 seconds and decreasing to *1% for remainder of

test(a)
-0.5%(a)

a. Relative to run 43112A

K-570



ROOIELEV

FLE.'HT SEASEr 21 AjJ BUWDLE TE.ýT,R , 1JM3E442I120

T141ITIAL IAAIMUr TEMPEKATURE
CHA4. NO Ar FLOOM rE IPERA rUE A1)E

(DEG F) (OEG F) (jEG F)

TUR4AROJA) QUEACH
TIME TEMPREATJRE
(SE:040s) (DEG F)

2A
4C

2A

2A

20
30
5C

10
48
50
24

3B
10
2')
3C

3c
3:
30
4A

4Z

5C
IC

23

30
58
25
?C

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

3
3
0
0

7
2
2
2

3
3
3
4

4
5
5
5

5
6
6
6

6
6
0
0

0
6
6
6

6
6
6
6

6
0
0
0

7
9

10
13

16
50
55
59

1029.
113b6
1270.
1386.

1489.
1542.
1523.
1553.

1496.
1557.
1486.
1491.

**

61
66
68
70

6 A
82

38 A
85

36
97
98

100

1204.
1308.
1 4b .
1755.

1761.
1772.
1789.
1798.

1746.
1816.
17:2.
1163.

C O U P L E 0 A T A*
173o.

C 3 J P L E J A A*
1895.

1760.
141U.
Ib68.
1787.

.75.
171.
190.
3b9.

272.
230.
t 6.

244.

250.
2'9.
Z65.
272.

259.

'96.

154.
326.
302.
305.

)

3

r H

T H

E R M 3
1477.

E R M 3
1599.

1506.
1584.
1566.
1481.

6--
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

101
103

* 5 A L

111

5C 7-
IC 8-
2E 9-
30 8-

5C 8-
IC 9 -
10 9-

2C 3-
48 3-

5D 8-

4 ̂ -
1010-
4310-
501)-

0
0
6
6

115
117
121
122

123
124
125
128

129
132
134
137

139
140
141
142

143
145
143

155

157
160
163
166

167
169
170

1568.
1540.

THE RM3
1437.

1457.
1343.
1464.
1472.

1377.
1460.
1485.
1476.

1457.

1289.
1326.
1395.

1311.
1382.
1135.
1140.

1181.
1193.
1150.
1049.

1044.
624.
838.
785.

534.

596.
428.

'909.
lo26.

C 3 U P L E 0
1591.

164.

1707.
1752.

i5do.
I 70'.
1730.

1731.

1690.
1580.
1536.
1710.

1581.
lo58.
1 396.
1426.

1419.
1414.

1421.
1370.

1323.
1Iu08.
1125.
1 32.

73b.
883.
714.

341.
286.

A r A*
153.

207.
217.
243.
279.

210.
2144.
244.
255.

232.
291.
209.
314.

270.
z7b.
2t) 1.
285.

238.
221.
271.
320.

28 3.
444.
287.
247.

201.
287.
286.

38.0
40.5
51.0

b6.0

55.0
50.5
59.5
71.0

52.5
73.0
99.5
65.0

56.5

71.5

73.0
73.0
67. 5
76.0

76.5
105.0

32.5

37.0
39.5
4b.0
57. 5

33.k
56.5
52.0
52.0

59.0
76. 5
33. 5
57.0

56.5
51.5
57.0
74.0

53.5
39.5
59.0
73.5

51.5
139.0

74.5
37.0

138.0
?1.0

141.0

754.
734.
785.
866.

896.
818.

1139.
862.

415.
939.
806.
866.

910.

934.

822.
915.
827.

854.

967.
898.

703.

707.
647.
826.
8J3.

737.
7o0.
800.
761.

795.
707.
770.
821.

651.
770.
575.
639.

606.
647.
o23.
643.

651.
5o3.
568.
570.

439.
406.
548.

537.7
545.7

598.8

602.9
620.8
627.0
645.9

628.3
638.9
625.0
653.9

628.0
704.8
671.9
662.0

702.6
659.7
747.0
737.8

717.0
731.5
723.1
727.7

722.0
631.7
794.0
676.8

701.1
760.9
577.0

JJENCH
TIME

(SECONDS)

131.9
127.7
184.5
326.7

408.7
496.3
473.7
505.8

501.6
513.7
527.8
525.7

522.5

520.7

546.6
534.8
558.8
566.7

6
6
6
3

3
0
0
0

2411- 0
4C11- 0
i011- 6

K-571



RUN 42512u HEATER KJD STATISTICAL DAT4

MAX TEMP (DEG F)INITIAL TEMP (DEG F) TJRNAKUUNJ fiME (SEC)

ELEV
12
24

39
48

70

71
72
74
.5

76

73
14
93

96
1 (2
1 ]1
120
132
I -8

ikX
595.4
762.1

1136.4
1269.7
1473.9
1597.8
1510.8
1555.6
1596.7
1566.2
1556 . 7
1535.9
1599.2
1599.1
1457.4
1395.3
1408 .4
1193. 4
1057 1

937 8
9?6.4

550. 6

MIN
536.8
738.2

1026.9
1260.4
1363.1
1486.4
1535.1
1555.6
1392.0
1448.0
1486.4
1490.7
1476.9
1473.5
1332.3
1354.3
1261.2
1119.8
926.6
623.9
534.5
428.1

MEAN
557.1
751.4

1C64.0
1265.1
1407.7
1524.3
1573.0
1555.6
1537.5
1525.8
1516.5
1541.5
1525.0
1536.6
1407.8
1432.2
1341.3
1149.8
1012.5

727.4
564.3

474.9

MAX
o09.9
809.5

1307.9
1470.9
1622 *.
1873.4
1871.1
id 20.3
lo67.8
1672.3
1813.7
1881.3
1894.9
1909.7
1681.0
1751.9
176.3
1425.9
1 3t9 . 8
114603

d83. 0
835.4

M IN
554.6
791.9

1203.5
1460.2
1715.1
1740.8
1350.8
1320.3
1659.2
1714.0
1746.4
1757.5
1736.3
1763.2
1540.9
1u12.8
1531.1
1266.1
1090.3
1030.D

73?. 8
714.0

MEAN
574.4
803.3

1239.7
1465.5
17064.3
1791.7
1860.9
1820.3
1804.2
1790.1
1774.3

1822.4
1615.7
1342.4
1617.0

1661.9
1620.0
1384.8
12,o . 3
1079.7
78d.7
755.0

4AX
7.0

18.5
40.5
57.0

105.0
55.0
77.0
57.5

113.0
103.0
99.5
74.0

104.0
105.0

55.0
54.0
76.5
74.0
73.5

139.0
108.0
141.0

A 1.-
5.0

16.0
38.0
51.0
96.0
56.5
52.5
51.5
51.5
50.5
52.5
58.0
56.5
59 .5
32.5
29.0
33.j
23.5
39.5
74.0
83 .p
9t.0

1 E AN
6.2

16.8
38.8
54.0

101.0
60.7
64.7
57.5
72.3
66.6
70.4
70.8
75.5
73.6
39.9
49.9
58.8
50.3
55.1

103.6
94.2

116.3

I,
TEMP JISE (JEG F) QUENCH rEAP (DEG I-) QUENCH FilE (SEC)

cLEV
12
24

39
48
50
57
70
71
72
,4

75
76
17

78
E4

90
q6

102
1 11
120
132
1 ?8

4AX
19.9
54 .7

180.8
210. 5
359.3
275. 6
315.7
264.7
2g8.3
337.0
?74.0
320.5

354.6
341.1
242.8
279.5
317.9
?65.5
320.4
447.6
286.6
797,4

MIN
14.5
47.4

171 . 5
190.5
348.5
254.4
260.3
264.7
239.4
230.4
240.7
250.7
254.1
282.2
153.5
158.4
209.3

146-3
163.5
246.6
185.0
252.2

ME AN
17.4
51.9

175.7
200.5
356.6
267.4
288.0

264.7
266.7
264.4
257.8
280.9
290.6
305.8
209.2
229.7
278.7
235.1
233.9
352.3
224.3
280.1

MAX
554-0
o45. 1
753.8
784.d
969. 7
984.7
9986.0
90d. 9
934.4
381.0

936. 7
930.7
953.6
967. 1
719.6
826.3
821.2
646.9
651. 1
j69. 8
438.9
•48, .e

MIN
5293.5
623,2
722.6

757.8
771.3
887.7
420.3

908.9
745.0
639.8
789.4
540.I
821.7
626.6
646.6
660.4
625.8

575.0
490.5
425.2
406.4
241.4

ME AN
542.5
636.5
736.d
771.3
869.1
922.7
959.1
908.9
840.0
790.9
866.6
833.4
900.9
378.8
693.8
751.5
733.7
612.1

592.9
525.8
421.2
357.4

lAX
15.0
49.9

131.9
2038.
332.7

410.5
431.6
462.6
482.4
539.7
527.8
552.7
546.6
563.5
537.8
567.6
733.7
757.7
732.8
806.7
760.9
742.0

,11.4
11.5
46.8

127.7
184.5
307.7
390.6
417.8
462.6
442.1
460.3
501.6
:09.0
520.7
519.5
585.7
611.0
653.3
717.0
72Z.0
491.3
o76.0
414.0

MEAN
13.2
48.8

130.1
196.7
322.3
403.3
424.7
462.8
467.5
499.7
515.7
j28.8
534.6
j47.2
605.1
635.5
679.5

737.3
742.6

719.9
712.7
608.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41612E

Test Date: 12/5/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.140 MPa (20.3 psia)

878 0 C (1613 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

32 0 C (90 0 F)

524 0 C (518 0 C - 529 0 C)
[975°F (964 0F - 984°F)]

43.4 mm (1.71 in.)

B. Summary Results:

C. Comments:

Inlet mass flow: -1.5% with ±0.5% oscillations(a)

a. Relative to run 43112A

K-573



ROD/ELEV

FLCH7l SEASET 21 ROD RUNnLF TEST SERIrS
KUN NUMBER41612E

NLINITAL MAXIMUM TEMPERATURE TURNAPOUND QLrNCm
CHAN. Nu AT FLLOD TERATiURE RISE TIME TL.'PtEATURc

(L)8 e-) (UtG F) (DEG F) (SECONDS) (W0 1w)

2A
4C
1C
2A

2A
5C

20
10

3D
4B
5C
5D

10

2A
20
33

3 C

4C
3C
3E

3-
3-
4-
5-

5-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-

6-

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

6
6
7
7

9
10
12.

19;

36
39
4.7

50

52
54
55

58
59
61
63

1164,
12,4.
1373.
152C.

15 36
1441.
1528.
141d.

1475.
15 0.
14E5.
1520.

1514.
15C4.
1552.
15i1.

1368.
1395.
1620.
1859.

1811.
1753.
1749.
1727.

1821.

1779.
1724.

1749.
1775.
1834.
1634.

184.
141.
246.
339.

273.
312.
220.
229.

347.
261.
293.
204.

235.
272.
253.
263.

30 6- 8
4A 6- 8
iC 7- 0
28 7- 0

3D 7- 0
58 7- 0
28 7- 6
2C 7- 6

2E 7- 6
3A 7- 6
3a 7- 6
49 7- 6

5 C 7- 6
1C 3- 0
2 E 8- 0
30D - 0

58 8- 0
5C 8- 0
IC 8- 6
10 d- 6

2C 3- 6
48 8- 6
50 8- 6
30 9- 3

4C 9- 3
1010- 0
4810- 0
5010- 0

2411- 0
4C 11- 0
1011- 6

72
75

83

d7
93
94

98
103
1iC
111

113
8 A D
115
12(;

122
124
12:
129

133
134
135
136

138
143
145
150

152
157
164
16t

168
169
171

15 8'.
16CC.

T HtkP0
152C.

1575.
14tc9.
1490.
1499.g

1518.
1426.
14t9.
1515.

1424.

1226.

1501.

14S3.
1342.
1243.
1369.

13C9.

13t8.
1135.
1069.

12 7.
12L1.
1161.

9.72.

1t 4C.
607.
840.
6t9.

549.
641.
271.

1878.
1877.

L, kPLE 0
1802.

1688.
1748.
1634.
1624.

1685.
1592.
1712.
1695o

1i28.
L 0 L' P L E C.

1538.
1742.

1704.
1611.
1552.
1668.

1605.
1661.
1422.
1375.

1611.
1455.
1441.
1324.

1377.
1059.
1197.
935.

755.
923.
735.

289.
277.1

A T A*
273.

313.
278.
144.
125.

137.
165.
223.
180.

203.
A T A 0

312.
240.

211.
269.
258.

2q6.
273.
287.;
306.

354.
254.
280.
351.

337.
392.
358.
246.

206.
282.
464.

44.5
42.0
63.5
91.0

75.5
148.0
136.0
135.0

129.0
112.0
127.0
64.0

98.5
128.0
102.0
131.0

144.0
107.0

143.0

130.0
98.0
28.5
17.0

26.5
49.5
49.0
41.0

48.5

76.5
51.0

54.0
75.0
64.0
76.0

95.0
74.5
66.5
98.0

85.0
67.0
89.0
97.0

88.5
144.0
91.0
76.0

9Q.0
109.0
144.0

725.
807.
.850.

d3L.
lý1u.

1092.
71b.
b12.

232.
57 2.

104t.
770.

o44.
654.
d2 ý
665.

504.
734.

71S.
664.

767.
707.
735.
77c.

7C7.

688.

7.,2.
p93.
t: 11.

671.

o41.
599..

70 4.
6b8.

614.

58g.

2•6.
567.
247.

826.

472.
4b:.

QUENCh~

(SICONDOS

1 t2 .
148.'.
206.t
352.6

442.t
473.3
546.7
532.8

902 . C
551. u
5L1.Z
5l8.3

544.6
599.1
570.7
570.4

5 q2 . 1,
809.8

587.7

617.7
675.,
628 5
648.5

b64.0
o59.0
717.7
674. t

7t5.7

7o1. l
6179. t

6r4.b
754.7
b05.2
754.E

7()6.6
741.0

d31.7

8c0.7
7a9.9
812.5

618. 0

849.C
827. t
618t. C

476. C
788.0
442.t

K-574



RUN 4.0oZE 1cATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL Tr1IP (LEE F) TUR44RJUNL TIPE (ILC)

UJ,
.,

EL tV
12
24
39
4o
60
67
70
73
74
75
7 t
77
7d
79
80
81
82
84
90
96

102
111
120
13?
136

ELEV
12
24
39
4a
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

MAX
645.5

922.C

1253.7
1426.8
1541.1
1012.8
1599.1
1497.1
1530.6
1509.0
1568.4
1571.0
1599.7
1583. 5
1575.3
1566. f
1518.7

1547.9
15bo.E
1407.b
1'521 . 2
1059.6
1147.c

041 . 2
566,. C

MI N
614O.

1167.3
134d, 3
1507 ,o
151 .2
ij52 .6
.497.1

0C¢3.6

14ct .3
1520. 5
14610.3
156o *
151d.7

122,i .4
1293.4
7bv .0
b55 .2

4bo . r
271.2

PEAN
C24.9
to2 .5

1143.3

13o?.8
1 22.Y

'559 . 3
1576.3
1497.1
1529.5
1497.7
1520.0
1529.9

1157.7

1 d1.7

1500.8
1462.0
1380.1

1157.0

,q3.5
437.o
416.0

MAX
657.3
962 . !

1394.9
1654.8
1858.7
1892.6
1861.0
1775.4
1791.C
1748.6
1813.5
1833.8
1877.9
1866.9
1188.1
1089.2
1809.0
1686.5
1751.9
1701.8
1750.8
1364.4
1394.9
923.3
791.9

MIN
62.9.9
897.5

1334.1
1580.9
1823.7
1759.8
1814.6
1775.4
1748.6
1719.6
1724.1
1736.3
1737.4
1769.8
1747.5
1689.2
1809.0
1572.2
1537.6
1551.7
1098.5
113b.0

934.6
706.7
734.7

MEAN
647.B
923.6

1362.9
1618.5
1846.7
1830.2
1835.3
1775.4
1769.8
1734.9
1763.0
1773.7
1800.3
1811.6
1810.3
1889.L2
1809.0
1645.6
1681.7
1648.8
1435.5
1276.7
1144.6

774.9
763.3

4AX
6.0

16.0
48.5
75.0

108.0
131.0
115.0
136.0
136.0
143.0
135.0
142.0
144.0
143.0
146.0
134.0
130.0
49.5
76.5
95.0
98.0
99.0

144.0
178.0
144.0

MIN
4.5

11.0
3t.5

61.5

bt.5

75.0

04S.

73.0

68.5
4c.O

134. 0
137.C
£5,5
34.1
13.5
44.u
7i.•

74.0
41.5

MEAN
5.5

15.1
42.9
67.5
96.2
82.7

75.b
136.0
117.3
121.C
113.8
116.7
123.1

123.7
113.6
134.C
13C*

3e.0
51.
75.4
75.5
bc*

IC5.t
121.1,
121.3

T-MI" RISc tWEG F) QUENCH TEMP (DEG F) UJL•iC, l1int (ý)EC)

MAX
15.0
47.4

246.5
349.7
307.3
262..C
278.3
260.4
252. C
293.4
271 . E
290.0
285.3
314.2
322.6
290.3
165.3
311.7
324.0
353.9
351.4
398.9
282. 1
403.5

81.N
11.6

141.2
228.0

235.3
253.3
278.3

220.2
213.S
204.3
Z15.5
210.2
2Co . f;
237.7
322.6
290.3
114.1
179.7

5o .3
164.3
241.2
2 46.0
20.5
225.9I

Pt EAN
12.9
41.1

169.7
235.7
323.7
279.8
459.1
27o.3
240.3
i37.2
243.0
243.7
255.3
ý53.9
241.6
322.b
240.3
144.9
219.7
i88.7
278.6
300.4

237.7
344.7

MAX
580.8
o61 . C
809.8
849.9
904.6
957.5
981.4
726.7
715.7
823.8

1047.6
644.1
897.6
904.6
909.7
7d6.0
850.1
796.2
877.8
810.6
804.2
614.2
604.8
525.6
4d6.3

MIN
558.8
657.3
725.1
822.0
650.3
d39.4
851.0
726.7
626.8
591.3
572.1
647.8
504.5
747.6
719.4
786.0
850.1
652.0
682.7
593.2
563.1
511.8
246.8
39,4.7
466.8

MEAN
558.5
665.6
768.0
840.1
872.8
886.1
912.9
726.7
671.2
666.3
784.8
758.7
757.7
833.6
807.8
78 6.0
350.1
725.0
756.2
743.4
5 40 03
565.2
480.8
473.16
476.6

MAX
24.6
61.8

154.6
212.7
352.6
461.6
489.5
515.8
546.7
676.8
640.7
599.1
685.8
596.5
675.7
626.7
608.6
712.7
781.9
905.3
854.5
857.6
q55.0

755.0
599.0

P IN
Z1.v
59.3

142.t
2C4.6
336.0

4 12. It
474.4
;115. o
14C.o

52.7
511.2
544.6

Jt4.7
563.0

b0t.7

674.6
74C.6

7Cc. 3

444.•

22.9
60.3

149.7
i 4Ci. C2L.C

j 
4

% . 7
4 34. 7

515.0

.74 .0

572.0
W . 6

t21.3
o 2t . 7

b652. 4
7 17 .5'

QOS 5. 5
7 t7.

545.95 b 6.o
57 4 ,0.l



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42612F

Test Date: 7/7/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.139 MPa (20.2 psia)

877 0 C (1610°F), 3C 1.78 m

(70 in.)

2.56 kw/m (0.779 kw/ft)

28 mm/sec (1.1 in./sec)

32 0 C (89 0 F)

524 0 C (507 0 C - 532 0 C)
[975oF (944°F - 989°F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet massflow: -1.5% with ±0.5% oscillations(a)

a. Relative to run 43112A

K-576



R10/ELEV

FLECHT sEASET 21 A0J BUNDLE TEST
RuN NUMdEA42612F

TINITIAL 4AxIMu-u TEMPERATURE
CHA . NO AT FLOOD TEMPERATIuAE 1SE

(DEG F) (DEG F) t3EG F)

SERIES

TURiA13JID QUENCH
TIME TEMPREATURE
(SE•340S) (OEG F)

24 3-
4C 3-
1C 4-
?& 5-

2A 5-
5C 6-
20 6-
10 6-

30 6-
49 6-
5) 6-
10 6-

2A 6-
20 6-
38 6-
3C 6-

3E 6-
4C 6-
5C 6-
3) 6-

3C 6-
4A 6-
IC 7-
28 7-

30 7-
59 7-
29 7-
2C 7-

2E 7-
3 A 7-
33 7-
43 7-

5C 7-
IC 8-
2E 8-
3D 8-

se 8-

IC 8-
10 3-

2C 9-

50 8-
30 9-

4C 9-
1010-

4410-
5013-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6
7

08

0
0

0
6
6
6

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
76
85

93
95

109
110

113
217

120
121

123
124
125
129

132
133
136

138

143
144
145
146

148
153
155
159

161
164
168
169

1171.
1264.
1386.
1511.

1538.
1459.
1503.
1492.

1499.
1559.
1493.
1489.

1489.
1539.
1571.
1563.

1493.
1594.
1548.
1 587.

1603.
1466.
1509.
1 532.

1565.
1415.
1507.
1530.

1402.
1481.
1545.
1507.

1469.
1349.
1281.
1411.

1234.
1338.
1141.
1106.

1246.
1206.
1135.
1057.

1078.
588.
872.
759..

1308.
1368.
1 95.
1809.

1815.
1697.
1639.
1659.

1788.
1693.
1632.
1675.

1670.
1693.
1770.
1814-.

1706.
1769.
1716.
1793.-

1824.
1687.
1639.
1632.

1655.
1525.
1680.
1704.

1547.
161b.
1720.
1683.

lo45.
1592.
1481.
1673.

1394.
1573.
1358.
1237.

1516.
1'16.
1319.
1314.

1373.
915.

1202.
1054.

137.
104.
209.
298.

276.
238.
136.
167.

288.
134.
139.
185.

181.
154.
179.
250.

213.
174.
168.
206.

221.
220.
130.
100.

90.
110.
173.
174.

146.
135.
175.
170.

176.
242.
199.
262.

160.
235.
218.
131.

270.
210.
184.
258.

294.
327.
330.
295.

36.0
33.0
55.0
: 3. 5

62.5
74.0
46.5
52.0

58.5
46.5
46.0
62.0

50.5
49.0
48.5
70.0

66.5
46.0
46.0
53'. 0

47.0
58.5
30.0
16.0

13.5
18.5
45.5
44.0

51.5
43.5
43.5
45.0

46.5
64.0
50.0
60. 5

46.5
59.5
62.0
30.5

62.0
45.5
61.0
58.0

74.0
137.0

93.0
31.*0

106.0
95.5

769.
7d6.
836.
811.

850.
245.
822.
932.

368.
821.
710.
960.

788.
864.
554.

1134.

1038.
751.
798.
703.

890.
847.
672.
701.

666.
634.
787.
811.

701.
7o7.
811.
712.

732.
702.
730.
798.

573.
o77.
584.
627.

740.
b27.
562.
661.

623.
o030.
561.
521.

492.
456.

QUENCH
TI AE

(SECONDS)

151.7
144.8
219.6
332.7

410.6
792.0
477.8
465.7

820.0
527. 7
558.2
477.7

447.4
498.5
537.9
516.4

511.5
546.9
572.7
581.6

543.6
568.5
630.0
000.9

608.0
636.8
628.9
609.7

609.5
626.6
623.8
632.4

655.9
685.8
640.8
654.0

685.9
o94.0
717.9
655.6

o74.9
711.1
720.9
706.9

731.9
090.5
753.0
666.1

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

171
172

* 8 AD

517.
685.

T H E R M 0

768. 251.
960. 276.

C0UP LE OA r A*

587.0
737.8

K-577



RUN 42612F HEATER 0100 STATISTICAL D&Tk

MAX TEMP (DEG F)ItITIAL TEMP (DEG F) T'R.ARUUND TIME (SEC)

I-)

-,j00o

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78

79
80
891
84
70
96

102
111
120
132
138

ELEV
12
24
79

48
so
67
70
71
72
73
74

76
77
78
79
80
81

94
90

96
102
111
120
132
138

,lAX
748.5
926.6

1263.5
1455.3
1511.1
1599.9
1609.7
1556.5
1467.1
1458.5
1497.1
1511.0
1558.7
157C.7
1594.3
1594.5
1603.0
1515.*4
156 !. 1
1551.1
1426.4
1245.*7
1378.4
874.0
684.9
570.8

MIN
677.5
926.6

1164.3
1343.8
1439.2
1500.3
1414.3
1514-.3
1379.7
1403.9
1392.3
1414.6
1434.9
1489.4
1479.8
1459.4
1466.0
1515.4
1414.6
1396.5
1234.1
1073.0

916.4
588.0
479.8
559.0

ME AN
713.0
926.6

1199.5
1394.1
1467.1
1557.4
1478.0
1535.4
1423.4
1431.2
1464.1
1469.1
1497.0
1520.0
1534.9
1536.0
1530.2
1515.4
1504.9
1487.1
1350.8
1166.8
1C1O.0
783.3
544.5
564.9

MAX
758.7
955.2

1367.7
1642.8
1809.0
1879.1
1841.7
1791.0
1747.5
1686. j
1739.7
1789.9
1787.6
1764-.2
1813.5
1793.2
1823.7
1702.9
1661.4
1727.4
1686.5
1516.0
1372.9
1235.8
960.4
939.8

MIN
691.0
955.2

1307.9
1543.0
1691.9
1763.1
1599.2
1725.2
1639.6
1657.0
1617.8
1625.4
1609.0
lo43.9
1673.4
1628.7
1686.5
1702.9
1524.6
1547.3
1393.9
1ZOL.4
1131.8
915.1
607.8
794.0

MEAN
724.8
955.2

1327.8
1587.9
1739.4
1812.3
1674.8
1758.1
1693.5
1671.8
1689.5
1689.0
1692.9
1701.1
1717.4
1728.8
1753.5
1702.9
1614.7
1654.2
1577.4
1358.4
1258.7
1096.0

774.7
866.9

MAX
6.5

15.5
36.0
65.0
93.5
71.5
61.5
63.0
78.0
96.5

137.0
76.5
85.5
72.0
70.0
68.5
66.0
58.5
30.0
51.5
64.0
62.0
85.0

107.0
106.0
109.0

5.0
15.5
33.0
59.U
76.0
61.5
46.5
62.0
68.5
68.5
60.0
46.5
45.5
48.5
45.0
45.5
47.0
58.5
13.5
38.5
31.0
27.5
61.0
81.0
73.5

104.0

MEAN
5.8

15.5
35.0
61.9
81.8
66.1
56.9
62.5
73.2
82.5
80.3
63.2
59.8
59.6
53.3
56.2
59.1
58.5
20.9
44.4
55.7
48.6
73.8
92.Z
94.5

106.5

TEMP RISE (OEG F) QUENC•t rEAP (DEG F) QUENCH TIME (SEC)

4AX
13.5
28.6

143.5
208.9
297.9
279.2
235.1
234.5
280.4
253.1
248.1
30 ý. 3
2 88. 4
259.5
250.3
230.0
229.7
187.5
136.5
187.2
262.0
270.3
296.7
361.8
283.0
369.0

MIN
10.2
28.6

104.2
180.1
252.7
213.8
155.8
210.8
259.9
228.0
201.3
136.0
126.4
150.1
147.3
167.1
216.5
187.5

89.7
134.7
159.8
128.4
159.8
244.4
111.7
235.0

ME AN
11.9
28.6

128.4
193.9
272.3
254.8
196.8
222.7
270.1
240.5
225.4
219.9
195.9
181.1
182.5
192.8
223. 3
187.5
109.7
167.1
226.5
191.5
248.7
312.7
230.2
302.0

MAX
626.2
694.0
785.9
857.1
810.6
989.6
967.5

1044.5
322.6
244.7

1052.4
1134.5
1055.9

960.4
1i34. 0

992.7
890.3
792.0
780.9
845.7
841.4
739.8
670.3
629.7
p•91.0
511.8

AIN
624.8
694.0
768 . 6
756.6
751.2
824.8
232.8
93 .6
231.8
235.0
244.7
229.6
240.4
243.6
733.8
703.4
762.6
792.6
633.9
648.2
573.1
562.4
536.5
520.5
456.0
246.8

MEAN
625.5
694.0
775.5
817.2
771.2
901.7
549.0
990.1
277.2
239.8
571.0
J66.7
602.5
688.1
860.1
831.5
810.2
792.o
706.5
770.9
73U.9
b2O.9
621.1
581.0
508.2
379.3

IA(
23.9
65.8

151.7
Z19.6
347.3
441.5
816.0
484.3
820.0
311.0
820.0
320.0
823.0
304.0
579.8
508.6
598.7
562.5
636.8
S61.9
594.0
729.4
731.9
753.0
737.8
731.0

MIN
21.2
65.8

144.?
207.Z
332.7
410.6
437.7
460.7
812.0
794.0
488.3
460.6
465.7
'447.4
458.6
497.7
540.5
5b2.5
574.9
595.6
o38,9
655.6
609.1
666.1
191.1
658.0

MEAN
22.6
65.8

149.4
Z14.5
342.2
42Z.0
633.1
472.5
816.0
802.0
680.8
637.1
o39.0
557.3
ýp43. 4
559.7
572.6
562 . 5
603.6
625.1
obO.4
695.3
086.5
719.6
475.0
694.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43013A

Test D ate: 4/3/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.273 MPa (39.6 psia)

8720 C (1601 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

107 0 C (225 0 F)

437 0 C (432 0 C - 441 0C)

[81BoF (809°F - 8250F)]

31.37 mm (1.235 in.)

B. Summary Results

C. Comments:

Total power: exponentially increasing from -0.2% to -1.6% by 570 seconds(a)

a. Relative to specified conditions

K-579



FL.iCHT SEASET 21 ROD BUNDLE TEST SERIES

R30 I 6LF V
RUN

IIT•1IAL MAXIMUM
CiArN. Nu AI FLLJO TI Pt'tKATURE

(D68 r)J (L;EG Fi

2A
4 :

IC
24

24

2D
3)

SC
10

46
5)

2A
3d
3)
2)

3r
35
3'
4A

3)
5.
12
28

3-
3-
4-
5-

5-

6-

b-6-

7-
7-

3
3
0
0

7
2
2
2

2
3
3
3

4
4

6
5

5
5
6
6

C,
6
0
0

0
0
6
6

6
6
6
6

0
0
6

0
0
6
6

6
6
6
3

11

17

21
5C
53
5 b

(61
03

70
75
75
06,

1185.

1343.
1340.

i•i t.
1446.

1577.

151C.
14ZU.
1534.
1444.

1453.

14S3.
1531 .

155b.
14eb.
i53C.
1417.

1119.
1 4 5 1.
13 L,'.
13ctd.

1182.
1239.
14d1.
1555.

1719.
1775.
1892.
1932.

17d9.
1748.
1894.
1809.

1793.
1950.
1926.
1903.

1905.
1819.
1956.
1790.

1583.
1734.
1610.
1577.

NUMBEK43013A
TEMPERATURF

IklSE

(OEG F)

89.
74.

137.
209.

252.
330.
332.
354.

279.
328.
355.
365.

336.
383.
433.
372.

409.
351.
425.
373.

464.
283.
305.
216.

TURNAROUND WLchCn
TIME T LM PRLA I UE
(SECONDS) (W•c F)

48
101
i. C
'LIlI

30 7-
53 7-
26 7-
2- 7-

20 7-
3A 7-
3B 7-
48 7-

5: 7-
1C 6-
2 E 4-

4: 6-

58 3-
5c *1-

10

2,1)

4 a
5) i

3) 9-

4C 9-
101-
43 10-
5)10-

115
117

121

122
1,3
124
127

12E
131
133
136

13 E

141
142

143

1t5
14c
154

15t
161

107

17C
172

1350.

i H 9. M U
1283.

10 (r.
1251.
13 5t.
1331.

1225.
1024.

7i5.
1526.

1107.
1062 .

900s.
9Cc.

1012.

843.

SC2.
644.
6S6.

536.
5(;2.
2S4.

1657.
1612.

CL UUPLE 0
1659.

1400.
1579.
1714.
1724.

1534.
1497.
1143.
1938.

1457.
1430.
1283.
1134.

1367.
1321.
1367.
1303.

1269.
957.

1084.
1021.

721.
850.
707.

307.
318.

A T A
376.

332.
328.
358.
385.

310.
472.
368.
411.

350.
368.
374.
286.

397.
309.
458.
459.

368.
323.
388.
361.

186.
317.
413.

20.5
19. 5
38.5
59.0

61.5
75.5
59.5
61.0

55.0
80.5
78.5
83.0

73.0
80.0
80.5
74.5

78.5
76.5
80.5
103.0

81.0
60.0
53.0
25.0

54.5
84.0

59.5

61.0
79.0
61.0
79.5

79.0
81.5

104.0
79.0

80.0
81.5
78.0
58.0

59.5
43.0
105.0
105.0

80e5
124.0
105.0
12O.0

105.0
128.0
147.0

b21.
05L,.
oS•O.
b640.
772.

4060.

b43.
"50.

'o3c,
cob.
b54.
77v.

Y74.

'.04.944.

70C.

794.
075.
714.
665.

723.
675.

796.

724.
71i.
704.
744.

737.
662.
915.

742.
60k.
5bC

574.
tb?.

532.
011.

645.
51Ž.
200.

465.0
481.0

495.C

506.3
522.0
4 C6b. C
511. C

490. C
53b.0
554.7
453.e7

51b. (
511.9
557.C
)41. C

531.C
555. 5
575.b
574.1

560. C
57d.t
590.C
60C4.C

266. C
5o3.0
47Y.C

QUENL.
TIME

SCo) N US)ý

104. t
95.4

173.b
276.C

336.E
426.71
414.7
41.5

340.3
440.t
437.7
440.7

436.t
423.8t
456.7
445.t

442. 7
440.6
452 . t
452.b

534. C
435.6
453.0
4 c6. C

3
0
0
0

2A41- 0
4C11- 0
ID11- 6

K-580



RUN 43013A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL ILAP (DEC H) TURNARLOUNL TIME (SEC I

ELcV
12
24
39
4tj
60
67
7u
71
72
74
75
7o
77
7o
84
90
90

102
111
120

132
13o

ELLV
12
24
3,
4o
60
67
70
7 1
72
74
75
76
77
70
8'.
90
96

102
11i
120
132
136

MAX
592.7
763. 1

1164.
I 3too . c:
1452.3
1075.5
1601.1

I 5'o . It
£o00.4
15o2 . 7
i59. 7
1 56t) . #
1556.3
1530.3
139o.I
1355 . 0
i203,C

901 . 6
706 . C

562. 4
559. -1

J49.

o83.4
j.U 3v. *
iZ251 .4
1316.o
1459 b

±i4 7o 5
146 2
1445.7

143o . ?
1367.3
1400 *7

1U71 .t
'Lo1? . 0

775.2
a43.b
747.5
043 . S
b 3: .2o3. 7

P.EAN
564.6
122.9

1Cid.7
1311.0
1350.4
1493.0
1547.7
1540.9

1539.0
1 29.t
1513.0
151i.o

1485.0
1474.4

1220.2

I Lt) .2
S2i.7
c14.0
C71.5

'43.4

MAX
605.7
810.6

1239.0
1509.5
1643.9
1855.3
1932.7
1952.2
1951.0
1939.5
1954.5
1961.3
1964.8
1955.6
1od1 . 0
1724.1
1624.3
1443.C
1302.7
1144.2

879.9
875.6

A IN
564.2
736.8

1136.9
1421.6
1496.6
1718.5
1780.9
1765.3
1749.7
1738.6
1747.5
1793.2
1712.9
1734.1
1447.3
1 332.3
1143.2
1116.2

979.0
952.2
721.2
706.7

MEAN
578.0
772.7

1185.8
1458.8
1555.0
1759.1
1851.3
1851.1
1841.81
1862.0
1868.9
1878.6
1862.2
1863.5
1599.0
1581.9
1470.6
1275.4
1154.9
1051.3

765.3
784.1

MAX
6.0

16.5
20.5
44.5
58.0
61.5
76.0
74.5
79.5
79.0
83.0
86.0
82.0

103.0
84.0
81.5

104.0
105.0
105.0
148.0
128.0
147.0

PIN
5.5

13.0

36.v
31.

55.0

56.0

61.0

69.0
6C.0

59.5211.0

32.5
56.,

105.0
I1.0
12.0

MEAN
5.6

15.C
20.0
38.6
41.6

So. 1
t4.0

t2.1
67.3

,69. 3
7b.6

76.9

70.3
5b.6
09 *9

79.2

t64 . 2
91.0

121*1
116.3
132.4

Ln

-O

TEMr KISL (WEG F) QUENCH TEMP (DEs F) QULACH lli'C (.)L )

MA A

53.* 4
97. 6

170.2
208.7

2 7v . 6
33, . a
353.3
351.0
3o5.1
304•6
397. C
400 . 5
432 . c
375.5
4 19 . t
472.2
4600.6
4590. 5
471. 6
317.5
413. C

13,0
40.C

7'#. 1
137.1
17o.3

252.5
2 0'o. * l
2oo.4

26,L . 4
277.3
327.5
4io .2

34:? .6

Z 01 * ±
2 It) . 1
309 .

234.2
22o.3
iZ b

M2AN

67.1
147.a
190.o

3C4.5
314.2
JC2.2

332.2

3eŽe .8t
377.2

297.7
361.8

4C7.5
353.6
340 . S
-79.8
221.9
324.b

IAX
581. 2
757.4
849.6

1033.3
804.9
965.8
925.3

1004.7
978.2

1017. 6
955.8
974.1
925.0
966.7
758.0
825.2
d19.0
6a5,d
717.1
672.1
644.6
596,2

MIN
553.9
681.3
727.5
886.3
705.9
852.7
791.5
789.2
615.3
827.3
779.3
838.0
795.1
812.4
641.0
621.7
t59.9
534.7
509.7
274.8
480.7
285.6

MEAN
565.5
716.7
799.5
929.1
755.5
909.9
871.8
899.0
900.0
906.2
875.2
892.3
877.7

8 8 q. 5
690.2
752.8.
736.q
597.5
636.e
548.4
548.5

479.1

.1A X
9.5

31.4
105.4
173.8
285.9
346.5
390.8
402.5
409.6
428.7
440.8
444.8
458.7
464.8
506.0
522.0
554.7
575.8
580,0
604.0
593.0
573.0

MIN
C.6

2t.4

1 -. 4
147.o
270.9
33t.6
361i.
369.5
375.9
3

9
c. 3

417.9
41I.o
43',.8
435.6
47t,0
49C.0
511.9
531.0
464.0
469.u
26C.0
37.77

h EAN
9.1

* .1
101.o
160.5
260.9
343.1
37b.23 7o *
387.6
3112.2
41Z.0
430.4
'.32.4

446.0
452.9
490,.1
5C6.c

t31.4

552.6
543.2

;7C. 7
It20.,4
50b.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43513B

Test Date: 6/27/80

Test Type: ForcedReflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

874 0 C (1606 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28.4 mm/sec (1.12 in./sec)

110 0 C (230 0 F)

443 0 C (437 0 C - 450 0 C)

[830°F (818cF - 842°F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Inlet subcooling:

-0.5% to 120 seconds and 0% thereafter(a)

-6% to 175 seconds and linearly decreasing to -3% by

400 seconds(a)

a. Relative to run 43013A

K-582



RODIELEV

FLECHT SEASET 21 AJo 6.NDLE TEST SERfES
RJ3 NJM3EK435133

TINITIAL 4AXIMU4 TEMPEI(ArURE TJR4AR0J43 QUE24CH
CHAt. NO AT FLOOD TEIIPERASIJUE ti.E TI4= rEMeKEATUDE

(DEG F) (DEG F) (jEG i) (SE.O34DS) tUEG r)

3
3
0
0

7
2
2
2

2
3
3
3

4

5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6

3

3
0
0
0

9
11
14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95

96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

1080.
1204.
1283.
1357.

1452.
1377.
1482.
1534.

1457.
1405.
1514.
1396.

1419.
1516.
1558.
1600.

1451.
1583.
1543.
1406.

1550.
1445.
1424.
1463.

1500.
1353.
1445.
1468.

1276.
1408.
1464.
1453.

1397.
1272.
1037.
1317.

1167.
1299.
1080.

901.

1162.
1222.
1082.
1000.

1073.
659.
919.
746.

1221.
1303.
1424.
1609.

1745.
1700.
1803.
1811.

1766.
1714.
1801.
1729.

1701.
1637.
1867.
1910.

1746.
1929.
1897.
1746.

1906.
1765.
1645.
1661.

1731.
1581.
1726.
1763.

1536.
1679.
1770.
1750.

1721.
1616.
14 54.
1t95.

1532.
1666.
1397.
1271.

1469.
1584.
138t.
1371.

1391.
1096.
1225.
1118.

141.
99.

140.
252.

293.
322.
321.
277.

309.
309.
z8 7.
332.

281.
321.
309.
310.

295.
346.
354.
340.

356.
320.
221.
199.

231.
227.
28 2.
296.

259.
271.
305.
297.

324.
344.
417.
378.

365.
367.
317.
371.

327.
362.
303.
371.

318.
437.
307.
372.

29.5
25.0
36.0
58.0

)6.5
77.0
77.5
77.5

77.5
77.5
78. 5

97.0

:9.5

76.0
77.0
77.5

78.5
77.0
77.5
97. 5

94.0
96.0
41.5
(1.5

41.5
76.5
58.0
59.0

47.0
60.5
59.5
60.5

31.0
76. 5
72.0
77.5

11 .0
46.0
59.5
57.0

60.5
76.0
56.5
95. 5

77. 5
137.0
96.5

138.0

96.5

742.
83Z.
869.
752.

769.
1 032.
1012.

654.
731.
892.

777.

812.
12:)5.

893.
902.

a05.
912.

1007.
805.

876.
64Z.

672.
739.

803.
672.
632.

824.

737.

d17.
820.

a10.
721.
662.
868.

643.
746.
534.

hod.

666 .
715.
540).
734.

69)0.
533.
602.
617.

JJENCH

(3 EýJrOS)

110.9
103.6
164.3
282.9

359.7
I27.7
218.9
341.9

427.7
407.5
408.Z
475.2

440.6
243.()
421.7
403.6

459.5
415.8
3d4 . 7
462.0

43d. 3
461. b
46 4. *0
4o7.6

431.0
511.5
497.9
464.0

535.0
j10.8
3Q2. a
506.8

523.4
541.9
546.0
4 90.`9

S14.9
5:6. 3
554.3
561.0

535.0
560.0
611.0
529.2

o66. 0
616 . 0
60 7. u
603. 2

7-
8-

8-

8-
8-

8-
8-
8-

9-

4C 9-
1010-
4410-
5010-

2A11- 0
4C11- 0
I13I- 6

168

* 8 A)

5q2.
rHE R M 3
T HE ReMo

776. 185.
C O0 OP L E O A r A*
C O UP L E OA r A*

543.

K-583



RUN 63513,s HEATER RJO STATISTICAL okT,

,AAA TEMP (OEG F)I1ITIAL TEMP (DEG F) TURNARO.JUO TIME (SE.)

UI
0.0
4ýO

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84

96
102
111
1?0
132
138

ELEV
1?
24
39
48
60
67
70
71
72

74
75
76
77
78
84
90
96

102
111
120
132
138

MAX
613.5
878.0

1203.6
1353.5
1468.6
1574.9
1605.6
1586.1
1446.5
1535.3
1579.6
1596.9
1600.2
1582.9
1501.0
1467.5
1348.3
1222.1
1372.9
918.9
503.3
696.0

AMN
561.8
786.5

1080.4
1220.3
1319.3
1440.7
1466.0
1355.2
1371.0
1377.2
1396.5
1415.3
1339.5
1399.3
1347.2
1276.0
1037.2

900.8
749.8
659.5
539.4
418.8

ME AN
580.8
822.5

1117.1
1271.4
1373.4
1480.2
1526.3
1476.6
1423.4
1474.0
1493.9
1496.0
1487.5
14680.2
1423.7
1398.4
1260.6
1088.6
982.4
779.9
578.1
559.8

MAX
b27 . 8
924.3

1302.7
1530.1
1657.0
1865.5
1923.5
1916.6
1769.d
1853.1
1874..5
1880.2
19909.7
1929.2
1730.8
1769. d
1705. 1
1564. 1
1390.7
1260.9
813.7
935. 7

MIN
582.3
d40.6

1221.2
1398.1
1s37.6
1730.8
1777.6
1689.7
1671.2
1699.5
1714.0
1700.6
1688.6
1701.8
1557. 1
1535.5
1453.7
1271.3
1179.6
1396.4

763.9
787.8

ME AN
599.0
871.3

1244.7
1450.1
1593.9
1774.2
1841.7
1797.6
1735-8
1782.0
1794.0
1797.b
1811.4
1815.8
1647.7
1691.9
1618.8
1417.3
1285.8
1169.4
784.6
875.2

MAX
7.5

29.5
49.0
58.0
96 .5
96.5
96.5
97.5
97.5
97.0
99.5
89.5
99.5
76.5
96.5

110.0
76.5
137.0
138.0
155.0
156.0

A N
6.0

12.5
25.0
36.0
41.5
60.5
74.5
74.5
76.5
77.0
76.5
76.0
73.2
75.5
41 .:
41.2
72.0
56.5
4o.0
96.5
90.5
98.0

MEAN
6.9

13.8
26.6
41.9
46.7
77.1
80.1
81.0
84.6
8 3. C
80.4
82.3
78.2
85.1
50.2
63.8
01.7
62.9
60.6

119.7
116.2
126.8

TEMP UiSE (OEG F) 4JENCH rEmP (DEG F) ZUE;4CH rIAE (6Eý)

1AX
20. 5
57.2

140.8
228.1
252.3
314.6
328.5
334.5
323.3
358.8
332.0
321.4
349.1
35 5.9
270.2
333.2
416.5
370.5
429.8
474.9
274.3
438.4

MIN
14.3
43.3
99.1

140.4
188.4
277.6
305.1
286.7
300.2
277.0
257.6
281.3
295.4
296.8
198.6
259.5
32l.3
296.7
219.4
306.5
160.6
224.2

MEAN
18.2
48.9

127.7
178.6
220.6
294.0
315.4
321.0
312.4
308.0
300.1
301.6
323.9
335.6
224.1
293.5
358.2
328.8
303.4
389.6
206.5
315.5

MAX
600.1
770.7
832.3
933.2
754.7
900. Z
914. 7
906.5
844.4

1115. 3
1187.8
12:5.3
1270.9
1207.2

803.4
914.6
868.4
715.0
620.6
719.2
648a 6
019.j

AIN
578.0
706.4
741.7
828.8
744.4
846.9
835.4
734.1
755.5
725.0
731.5
740.1
758.5
784.9
662.5
712.7
662.5
539. 6
580.2
230.2
543.2
282.3

MEAN
587.4
742.6
766.j
874.8
751.2
864.6
881.3
822.7
798.7
869.9
907.6
905.7

914.4
690.2
707.9
797.5
763.8
621.0
666.8
598.9
591.8
479.7

4AX
11.5
37.9

119.9
168.7
?0 * .8
364.7.
385.7
435.7
421.7
445.8
475.2
452.7
059.5
471.5
511.9
550.7
556.3

511.0
609.9
523.)
542.9
595.5

10.0
34.3

l13.6
164.3
273.4
335.8

371.7
382.6
404.8
218.9
232.7
243.0
260.6
275.o
431.0
4t64 .0
490.9
430.3
469.8
492.5
314.2
507.0

MEAN

10.9
36.0

111.8
166.1
283.6
356.2
381.7
402.1
413.6
391.2
390.7

409. I
407.9
t28.9
483.2
510.1
533.4
551.3
555.7
690.3
463.0
553.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42413C

Test Date: 8/21/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.281 MPa (40.8 psia)

882 0 C (1619 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

98 0 C (208 0 F)

403 0 C (392 0 C - 412 0 C)
[757 0 F (738 0 F - 7730F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Inlet subcooling:

Housing initial

temperature at

mi dpl ane:

+0.5% for 60 seconds, increasing linearly to -3% by 190

seconds, and -1% thereafter(a)

-10% constant(a)

approximately -8 %(a)

a. Relative to run 43013 A

K-585



R30J/ELEV

FLECHl1 zcASET 21 ROD BU4DLE TEST
RUN NUMBER42413C

1I NLT AL Ef4XIm um T EMP eRATURE
CHAN. 1.0 AT FLU6.0 Tt IEATURE RISE

(UE4. H) W~EG F) (DEG F)

SERIES

TURN&RtIUNO ;ALEtC.
TIME TLAP tE ATUKE
( SEr'rINOS (0tG F)

24
4C
IC
24

3
3
0
0

7
2
2
2

2
2
3
3

9
11

14
17

21
50
53
5 t

6C
01
t)3
69

7 C

75
04

4

4
5
5

5
6
6
6

1352.

1404.

15C12.
13S3.
1120.
1522.

.I t
5 
5.

144C.
13c7.
14t2.

14%6;.
1576.
15 "9.

1515.
Agate
15 SC.

l4ti.

15 1.

13S3.

143U.
13 to.
141P; .
1410.

1132.
±i4 5.
1441.
1444.

1427.
1105.
1042.

1191.

11337.

07';.

1221.
1355.
1504.
1639.

1752.
1637.
1690.
1715.

1761.
1739.
1656.
1675.

1693.
1801.
1784.
170.

1715.
18o4.
1349.
1739.

lo73.
1749.
1608.
1625.

Io65.
1585.
1694.
1725.

14b6.
1672.
1715.
1724.

1671.
1572.
1457.
1070.

1.521.
1630.
1399.
1252.

128.
96.

152.
235.

250.
244.
262.
194.

236.
298.
269.
213.

244.
225.
270.
271.

200.
298.
299.
278.

283.
191.
215.
lq2.

234.
225.
276.
315.

334.
258.
274.
281.

244.
387.
415.
411.

331.
293.
379.
373.

6
6
0
0

0
0
6
6

54
5C
IC
I1

6
6
6
6

6
0
0
0

C,
0
6
6

6
6
6

3

3
0
0
0

101
11¢C
1.11

1i7
12(
121

122
123
12'.
127

128
131
133
13t

13d
139
1',1
I 4E

36.0
24.5
41.0
58.0

62.0
67.0
85.0
48.5

47.0
85.5
84.5
48.5

66.0
50.0
68.0
51.0

69.5
65.5
69.0
67.5

68.0
47.0
48.5
31.0

47.0
48.5
60.5
64.5

71.0
52.0
48.5
48.5

48.5
86.5
86.5
85.5

86.5
69.0
69.5
86.5

46.0
81.0
87.0

69.5
137.0

87.5
123.0

136.0
87.5

140.0

o01.

9r 3to.
794.

972.

669.

920.
593.

964.

104o.
o65.
934.
936.

926.
b62.
a 42.
946.

655.
675.
729.
703.

666.
70 G.
612.

770.

70u.

78•..

790.

760.
706.

763.
7t63.

34t.
750.
577.
607.

b2 5.

637.
617.

t30.
092.

622.
646.

474.
55•.

QUEK K
TIME

(SECONDS)

96.7
109.t
172.5
278.t

347.9
366.8
392.9
427.C

396.9
412.2
376.5
393 .

256.6
407.6
406.9

418.t

416.0
428.7

44,.t
368.7

439.4

4e5.6;
4t6.C
455.t

4c 3.C
449.4

509.1

461.5
4 aý'. t
501.9
5 02.0C

4
c 5. 4

534.4
511.C
534.t

503.7
512.C
556.0

534.0

2C 3-
43 5-
50 3-
30 9-

1010-

4310-
5D10-

' A b

146
154

15o
161
164
lo7

lo0
17C
172

T H c KM 0
113t.

1024.
o81.

73d.

593.

5'c.

C 0 L P L E DATA A
1423. 287.
1370. 395.
1368. 428.

1331. 307.
1043. 356.
1169. 329.
1074. 335.

766. 193.
956. 288.
827. 307.

557.S
541.7
574.C

562.C
538.3
59C.s
551.6

429.d
566.0
526.6

2A11- 0
4C11- 0
1011- 6

K-586



rUN '4.2,13: HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL ItMP {tU F) TURNARuUNL Itic (3EC)

-LcV
12
24
34
4b
fu
67
70
71
72
7.
75
7o

77
7n

102
11u

132
13c

MAX

ov; I. I;

125o. t
ij 2 . I
1U03.t
i b 14l . 0

1 5e . 1
1523.7
L 50e *.

15,03 *

i 590 *

14.43. 5

1130. 1
1 03i1 . 5

LJ L C
I13o. i

006 . c

a 5 J . :;

SUN

o17 .2

±093 , 6
.,e9 3 1

34o4.3
130 ov b

13o7.0
,374 . 2
13:) 0.b

i341.3

,u 42 . C
070. 7

oct .6

-752.4
4 7 -1 o

r t Am~
t44.7

1124,#. 7
1331 .6

1113.0
15.7.3

±41; 5 . 4

114.1.

1 to,9.'0
.1,10.0
1 12.4

I•7 ,

12 3u *

.70.2
70t2.t

552,0

MAX
699. 3
942 . 9

1355. 1
1546. 3
1691 . q
1 8e . 1
1921. 2
1655.3
1793.2
1760.9
1812 . 3
1d 5 1 . 9
1F70.0
1 . 3.6
17,j4 .0
1725. 2
1676.6
1453 . 7
1367. 7
1261.9
956.3
957.3

MIN
626.8
659.2

1 221.2
148 1.*6
163d.5
1728.5
1612.*3
1753.1
1789.9
1609.0
1641.7
1 666.8
167b.6
1 706.2
1417.3
1465.5
1456.q
1251.5
1 172.3
I042.8

7711I
760.5

MEAN
653.1
901.9

1278.4
1510.4
1558.5
1778.4
1922.8
1813.1
1791.5
169o9
1729.r
1748.2
1772.5
1791.3
1611.1
1661.5
1596.8
1384.2
1296.4
1137.8

P26.0
8 618

MAX
5.0

12.0
36.0
56.0
82.5
69.5
84.5
85.5
83.0
86.5
84.5
85.5
85.0
86.0
68.0
82.5
86.5
86.5

102.0
137.0
136.0
140.0

I¥1N

-.c
9.5

24.5
3t.5

51.0

47.0

1e.047,0

4 t. 531.0
41.2

4t. u
31.0
41.5

5t. 0

107.0

MEAN
4.C

11.2
32.1
46.1
70.3
to . 2
14.7
79,*

72 ,
62.6

60.2

64.,4
t7.5
45.9
59.3
7b.4
73.2
77.b

1Co.7
113.5
132 . o

Tc1±81' <12... l&G r ) 1ULNCH liMP (DEG F) QUtNChI i t ()EC)

1L:v
12
24.
3,

400

67
7u
71
7e
7.,
75
7o
77
7 r

84

9o

102

120
132
13a

Jo 7

21. Z2
27. S

33',. 1
330o 1
294.c

206.,22o2 . 2

2-42. 3
317. c

2'.o .7
33o3u
430.7
43j2 . 0
42o,.1

207.5
2o1. 5
37o. i

lii 's

2r0.6
2 ,3

122.2

2240 .

23± ,

.9i .6t

2 2o

130v 2

23.L 3

ttAN

.4z7o .5

227.7

117.0

372.4

Ž15.7
21'.,*4

±7o,*5

22,7
3c7.2
lto.O
174.1

372.4
22c.U
lb o 9

MAX
636 . 4
768.4
931 . 9
937. 8
o2 3 . 4
9011 . 5
937.4
9j0.0
906.4
975.0
968 . 5

1048.0
1013 . 4
1027.9
807.1
830.3
821. 7
o36.8
639.9
692. 3
5-5, 6

588 . 6

MIN
613.6
738.5

794.2
859.0
759.7
606.2

746.7
713.P.
894.0
6L2.1
787.6
b07.2
856.3
641.6
b67.9
699.9
706.0
576 . 9
602.6
513.2
377.3

234.5

"=AN
62Q.4

753.12
951.5
903.2
792.4
849.6
966.7
359.3
'02.7
786.6
888.7
901.1
934.2
909.5
739.9
779.8
761.6
617.9
623.6
630.0
507.6
434.1

7

MAX
14.0
41.9

116.6
182.7
283.7
351.0
390.7
404.5
388.6
427.0
412.7
435.9
423.6
449.5
484.9
509. 1
53R.9

567.7
578.0
600.5
586.0
577.0

Mu.
t.6

9c. 7

2 7 c. b
33'..'
374.5

379.o

322.7
370. 2

251.o

39J.7

41C.U

491.9

534.0

4 4 t. 7

291.5
24C.0

11. 3
39.4

111.2
173.5
261. 7
345.6
363.2
3e6.9
367.2
390U.0
400. 1
31e.4

411.0
41;.7
457.5
4',1.2
b21.1
550.1

54.t
402.*7
4c1,5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43813D

Test Date: 10/29/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.2 psia)

873 0 C (1604 0 F), 3C 1.96 m

(77 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

98 0 C (208 0 F)

423 0 C (415 0 C - 431 0 C)
[794°F (779 0 F - 807°F)]

7.1 mm (0.28 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

+1.5% for 40 seconds, -1.5% to 120 seconds, and -0.5%

thereafter(a)

0% increasing linearly to +0. 5 %(a)

-9.5% constant(a)

a. Relative to run 43013A

K-588



ROVEL 1EV

FLECHr SEASET 21 RJO 8UNOLE ftýT
RJN NJ.1.k436130

T1417IAL &Ailm., I6EPCKAPuRE
CHA4. NO Ar FLUO9 TEmPERAiw.,c ASE

(OEG F) (CEG Fi ( JEG FJ

24
4C
ic
24

24
20
3V
5c

10
45
50
24

31
1 '
20
3C

3C
3C
30
48

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

5-
6-
5-
6-

6-
6-

6-
6-

4: 6-
5C 5-
1C 7-
28 7-

3) 7-
5g 7-
23 7-
2C 7-

2F 7-
34 7-
34 7-
48 7-

5C 7-
1C 9-
?E 9-
30 8-

53 9-
5C 8-
iC 8-
10 9-

2C 9-
48 9-
50 9-
30 9-

4C 9-
1010-
4510-
5010-

3
3
0
0

7
2
2

2

3
3
3
4

4
5
5
S

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0

0

0

0
0
6

6

6
6

7
9

10
13

16
50
55
59

61
66
68
70

1069.
1200.
1298.
1360.

1445.
1509.
1491.
1514.

1449.
1536.
1438.
1428.

1440.
ER1J

1604.

1179.
1311.
1445.
1591.

1695.
1726.
1744.
J
7
25.

1681.
1759.
1682.
1691.

110.
111.
147.
230.

251.
z17.
253.
212.

232.
223.
245.
263.

SERIES

TUR 4AROJ'•,
TIME
(SEO.,NDS)

27.5
28.5
39.0
63.5

50.5
43.5
44.5
44.5

46.5
44. 5
64.5
53.0

60. 5

43. 5

44.5
44.5
43.5
60.5

QUENCH
TEMPREATURE

(OEG F)

861.
8d9.
933.
770.

933.
917.
273.
824.

893.
902.
774.

1100.

908.

997.

1045.
1003.
1009.

791.

3 A
82

95

86
97
98

100

J

)

T H

T H

C J J ) L E a A r A *
1668. ?48.

C :J P L E u A I A *
1837. 233.

1489.
1599.
1573.
1456.

1685.
1o64.
1819.
1 726.

197.
265.
24o.
270.

1l1
103

* B3 A

111

115
117
121
122

123
124
125
123

129
132
134
137

1580.
1527.

THE RMO
1460.

1450.
1337.
1439.
1426.

1236.
1436.
1474.
1 46C.

1431.
1211.
1154.
1350.

1266.
1357.
1050.
935.

1121.
1198.
1129.
977.

1046.
671.
897.
796.

607.
685.
275.

lo50.
17 49.

CJ J P L E o A
i667.

1689.

1702.
17 34.

1497.
1579.
1736.
1729.

1672.
I) 33.
143o.
1688.

15 6.
1637.
1368.
1342.

1443.
1488.
1470.
1376.

1384.
1002.
I409.
1107.

620.
987.
782.

270.
221.

r A*
207.

209.
195.
263.
308.

2oO.
242.
263.
268.

242.
322.
281.
337.

295.
2tI.
318.
406.

322.
290.
341.
399.

339.
330.
3,L2.
311.

213.
302.
507.

53.0
65.0

27.5

43.5
43.5
44.5
53.0

45.5
45.0
43.5
43.5

45. 5
80.5
48.0
62.0

56.5
53.0
65.0
71.0

53.0
44.5
56.5
92.0

56.5
105.0

82.0
135.0

96.0
97.5

156.0

QUENCH
TIME

(SECJNDS)

99.9
98.4

144.6
272.7

328.7
330.0
587.0
381.9

340.9
350.0
389.5
220.8

350.6

307.6

253.8
315.8
310.9
413.6

994.
842.

838.

779.
651.
947.
789.

972.
701.
943.
7d9.

805.
776.
972.
855.

689.
765.
540.
586.

569.
673.
652.
696.

691.
665.
605.
641.

523.
533.
667.

336.8
402.0

292.8

348.0
447.0
323.3
440.9

296.8
426.3
341.7
438.6

449.0
462.9
338.9
408.6

496.9
471,9
496.0
483.8

481.0
490.0
507.9
457.5

474.0
395.8
524.0
482.7

480.0
501.0
317.0

139
140
141
142

143
34 5
148
155

157
160
163
166

167
169
170

3
0
0
N

2k11- 0
4C11- 0
1011- 6

K-589



RUN 43913U HEATER Ko0 STATISUiCAL DkT,

lAX TEAP (DEG F)[4ITIAL TEE P (DEG F) TUR4AKUUNJ TIME (SEC)

ELEV
12
94
.-9

48
to

67
-10

71
72

74
7615

,7
73
84
qo
76

112
111
1 20

1 70
133

lAX
585.5
817. 4

1199.8
1298 . 3
1488. 2
1599.8
1600.5
1l20. 5
1576.7
1560.1
1535.6
15.77.8
1603.7
1599.4
1433.9
1473 . 5
1397.2
11)8 .4
1045.8
396 . 7
5634.9
573.0

582.3
790.4

1068.3
1276.4
1351.7
1444.6
1501.4
1520.5
1333.7
1374.8
1437.5
1427.5
1438.6
1429.6

1330.8
1236.4
1154.1
935.1
859.4
671.2
607.0
274.8

MEA4
583.9
805.0

1114.3
1287.4
1400.0
1498.8
1551.0
1520.5
1499.0
1483.0
1481.1
1514.8
1511.9
1528.1
1417.5
1393.9
1286.0
IC84. 7
979.9
756.0
633.2
505.7

MAX
599 . 4
855.1

1311.0
1445.2
1686.5
1832. 7
1641.7
17o9.d
1807.d
1799.9
17!).6
1802.2
18640. 6
1804.4
16 9 4

. 1
1730.3

l701. 8
1468.0
1384.4
j20j8. 7

987.2
950.I

MIN
596.2
835.4

117d.5
1438.7
1571.1
1683.2
1763.1
17b4.8
1612.3
1646.1
1663.6
1665.7
loS 5.4
l1o03.0

1532.2
149o.6
1435.5
1283.9
11 71 . 2
1001.6

709.9
7cs1. 5

ME AN
597.8
847.d

1228.6
1441.9
1610.1
1737.0
1802.4
1769.8
1733.0
1712.0
1707.0
1745.4
1758.0
1779.3
1634.6
1647.0
1587.5
14U0 .2
1291.6
1106.7
877.7
o37.4

4AX
6.5

14.0

42.5
63.5
60.5
46.0
43.5
84.0
63.5
64.5
64.0
66.5
65.0
60.0
64.0
80.5
71.0
82.0

113.0
97.5

156.0

AIN
5.5

12.0
27.5
39.0
44.5
44.*5
42.0
43.5
42.i
42.3,
43.5
43.5
43.5
43-j
27.5
43.5
45.0
44.*5
63.J
82.0
75.5
95.0

l1EAN
6.0

13.2
23.* 7
40.7
51.0
49.8
44.0
43.5
50.5
48 . 6
48.7

50.9
53.7
53.9
41.2
t7.8
61.7

62.0
69.1

102.4
89.7

118.5

I

C,Qn TEMP UiSE (OEG F) QUENH rEMP (uEG Fj QUENCH fimE (SEC)

cLEJ
12
7ý4
39
48
60
67

70

72
14

75
16

77
78
P

4g)o

16
102
111
1?0
132
1 "3

lAX

13. 9
46.0

12C. 5
162.3
230.5
250.6
261.7
249.* 3
278.6
274 .5
244.6
263.3
236. 2
303.4
237.8
308 5
337.1

406.4

399.2
420.8
302 . 3
5 06 . 7

13.9
37.7

103.7

146.8
198.3
231.1
241.2
249.3
199.4
201.2
190.1

199,3
196.9
206.9
195.0
210.5
280.7
239.5
237.2
30n.7

212.9
250.7

ME AN
13.9
42.9

313.8
154.6
216.0
238.2
251.4
249.3
234.0
229.6
225.9
230.6
246.1
253.2
217.1
253.7
301.4
316.5
311.7
350.8
244.5
331.7

MAX
j 9,j. 8
748. 1
8 dY. 1

932.8
957.4

1011.6
948. -4
6 34 . 2

982.4
1008.9

I15,-

1150 . 0
1044. d
1126.*4

b88. 6
997.0
989.6
673.2
766.9
605.4
233.2
0o6. 7

MIN
582.6
735.6
785.7
d80.5
770.2
640. 6
608.2

634.5
d13.4
716.4
774.4
743.7
d13.0
791.2
650.9
689.4
689.5
568,5
552.1
208.0
479.6
487. 3

MEAN

586.7
740.2
845.4
900.6
835.5
928.5
903.b
834.5
897.8
862.7
933.7
941.8
924.1
965.2
762.8
630,0
812.5
609.5
656 . 2
583.1
511.8
542.4

lAX
10.5
35.1

135.3
158.9
275.5
334.7
344.7
348.8
376.4
381.9
389.5
3)9.9
396.9
413.6
447.0
443.0
09 . 1
531.5
544.7
559.0
504.0
53s.0

lMIN
10.0
32.9
98.4

144.0
241.8
298.0
311.7
348-*8
248.9
141.*7
240.4
220.8
253.8
237.9
250.7
296.8
338.9
447.0
421.4
395.8
480.0
307.0

ME AN
10.2
34.1

101.2
151.7
263.7
320.7
328.2
348.8

325.1
312.5
317.8
311.4
339.4
332-1
366.1
396.6
432.4

492.9
472.4
491.4
495.0
423.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41913E

Test Date: 12/6/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Ruun Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.280 MPa (40.6 psia)

873 0 C (1604 0 F), 2C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

100 0 C (212 0 F)

432 0 C (423 0 C - 438 0 C)

[810OF (793 0 F - 8210F)]

29.0 mm (1.14 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

-1% increasing linearly to -2% with ±1% oscillations(a)

-0.25% increasing linearly to +0.5%(a)

-6% increasing linearly to -9.501)

a. Relative to run 43013 A

K-591



ROD/ELEV

FLEtHT SEASET 21 ROD BUNDLe TEST SERIES
MUN NUMBER41Q13E

IINIIIAL MAXIMUM TEMPERATURE TURNAROUND QLELNt
CHAN. Nu AT FLDuO TEMPCtATURE RISE TIMF TLNFRcATLkE

(&uib i ()JEG F) (OEG F) (SECONDS) ( UE. 1-

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-

6-
6-

6-
6-
7-
7-

7-
7-
7-7-

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

6
7
7
7

8

0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
IC

12

19
36
3.;

47

5(c
52
54
55

58
59
61
63

72
75

6 , A b

a3

86
67
93
94

96
103
110
111

113
a A b

115
12c

1176.
1269.
13!t.
154•.

1514.
13 k1#.
14td.
14A1.

14•t.
1513.
142j.
14t2.

14t2S.
1i52.

1551.

15t2.I H t k P 0

1574.
14!1.
1472.

1 54b.
14it.
1454.
15Cl.

13C7.

122. -
14c5.

14t4.
12t5.
IC44.
1310.

12tC.
1344.
1118.

1249.
12cl.

10C3.

IC 77.
t56.

7t3.

t;C4 .

714.
207.

1308.
1352.
1539.
£782.

1762.
1696.
1730.
1670.

1784.
1760.
1729.
1673.

1700.
1706.
1763.
1793.

1864.
1547.

L P L E 0
1736.

1861.
1700.
1625.
1667.

1735.
1620.
1715.
1725.

1535.
Lj U L C U

1596.
1762.

1710.
1565.
1402.
1666.

1593.
1656.
1436.
1360.

1627.
1523.
1490.
1337.

1428.
1066.
1264.
1043.

768.
1026.
790.

131.
83.

183.
273.

249.
313.
242.
230.

348.
247.
304.
210.

238.
241.
241.
242.

282.
256.

A T A 4
236.

287.
248.
154.
166.

190.
192.
261.
225.

279.
A T A

364.
277.

246.
300.
359.
355.

333.
312.
319.
331.

377.
321.
415.
384.

351.
410.
354.
280.

164.
313.
503.

32.0
22.5
46.0
65.0

56.0
80.0
68.0
69.0

75.5
67.0
80.5
70.5

67.5
65.0
67.5
66.5

67.0
63.5

66.5

68.5
64.5
36.0
35.0

36.0
37.0
53.0
4Q . 5

66.0

6 9.5
52.5

53.5
69.5
83.0
69,0

q1.O
69.5
54.5
69.0

67.0
69.0
90.0
92.0

79.0
149.0
90.0
113.0

91.5
96.0
144.0

777.
tt7.

847.

6Q6.
1141.

bC4.
791.

264.
201.tbl.
7tc,
obb.

7o3.
065.
62,i.

"52.

672.

o13.
e22,

737.
67v.

73',.
t7t.
7E3.
tv7.

6o7.

62C,

601.

75t.

76.,

674.
b32.

723.

635.
b46.

677.
;?2 b.

,74.

513.
!S L c'.

QUENCI'
TIME

t(ECONDS)

129.7
112.t
163.4
292.3

3J0.6
3tl6.
394. t
38d.0

674.C
379.g
377. E
3d7.;

392.1
41o. 3
406.7
4Co.t

422.S
3•7,•

417.ý

45J. 6
424.6
42d.5
466.2

475.,
469.S
4ý7.6
47J. 6

2E 7-
3A 7-
38 7-
48 7-

5C 7-
1C 8-
2E 8-
3D 8-

58 8-
5C 8-
1C 8-
10 8-

2C 8-
48 8-
50 8-
30 9-

4C 9-
1010-
4310-
5D13-

122
124
12t
129

133
134
135
136

138
143
145
150

152
157
lo4
166

168
169
171

426.b

526.7

462.4

513.;

522.C

5C5. t

545.2
5oJ,.

550. 4
556. C

533.C
bjo. t;
54o.0

370 . ;
553.C
4E4. t

2A11- 0
4C11- 0
1DII- 6

K-592



RUN 4AL13E HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TEMP (DEC F) T1JRN/.AUUhL TIME (SLC)

Ul
I'D
Wo

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
7a
79
80
81
82
84
90
9b

102
111
120
132
138

MAX
667.7
922.7

1269.3
1427.3
1546..6
1o03.9
1586.2
1435.2
14d9.2
1450.6
1535.1
1550.9
1590.9
1578. C
1574.3
1571.C
1499.5
1552.7
1 0.17
1376.6
1501.9
10,8 * .
1136 . i

713.8
637.1

Mlh
627.C
b3: .3

1157.8
1325.4
1495.1
147i . So
1510.)
ý4 3 J .Z
14b7. 7

1424..3

1457.0
1444.b
1499'iy. 1
14t3.9

1424 .t
i231 6
1043.5

b 10 . 7
7S.6 . 6
65t.7
519. 4
2o7.0

PEAN
652.8

1193.1
13E9.5
15I6.6
1541.0
1550.4
1435.2

1427.4
1472.2
1491.0
1518.6
1 36.4
1!C5.0
157L.0
1499.5
15CC.?

141b.*2
1265.7
1128.8

00 .1

t2.1

MAX
677.3
955.2

1351.9
1594.9
1782.1
1851.9
1640.6
1696.3
1762.0
1683.2
1769.8
1793.2
1864.4
1839.5
1861. C
1875.7
1766.4
1736.3
1796.8
1721.8
1776.5
1444•i1
1437.7
1026.4
833.3

MIN
639.4
875.8

1284.9
1494.4
1727.4
1733.0
1810.1
1696.3
1729.6
1667.9
1667.9
1679.9
1686.5
1717.4
1699.5
1875.7
1766.4
1619.9
1567.9
1402.3
1121.4
1171.2
1042.8

721.2
789.8

MEAN
663.6
909.?

1307.6
1542.7
1752.7
1799.2
1820.3
1696.3
1745.8
1673.9
1711.6
1720.8
1760.9
1772.8
1767.5
1875.7
1766.4
1682.2
1690.0
1622.8
1461.0
1322.1
1193.8
921. *
811.5

MAX
5.0

14.0
35.0
46.0
65.0
67.0
54.5
71.0
68.0

112.0
80.5
91.0
109.0

68.0
76.0
68.5
66.5
37.0
6q.5
91.0

108.0
113.0
149.0
151.0
144.0

PIN
4.0

IC. 5
22.5

50.5
51-.
71.0

66.5

b t . Q65.o

52.0
52.5
et.5
t4.5
66.5
tt.5
34.0

52.0

tt.5
91.5
615.5

PEAN

4.3
12. c
29.3
42.0
56.C
55.0
52.5
71. C
67.2
79.2
69.8

69.9
07.5

71.C

66.5
36.C
55.8
70.5
70.3
90.4

1C5. c
108.3
104.8

TcrP R1~c (DEG F) OUEINCH TEMP (DEG F) QUEICe 11Mt (•8C)

MAA
12.4
40.5

131. 4
182.9
273.3
298.6
299.2
261.1
272.8
260. C,
303.6
242. 3
282.1
261.5
2a8.3
304. 6
20o. 9
209 . 6
364.2
35o. t
4 50 . 3
390.1
442.8
312.6
502.8

Mi N
9.6

.2.2
82 *0

167.6
lo . t
234.1
254.4
2o1 . 1
241.9
222.6
209.r
2C9.7
i7T.b
190.2
20b. 3
304.t
266*9
1:3.6
224.7
29,0.0
255 .*1
2b3.0
26u.1
164 . 2

90. 2

FEAN
IC.?7
33.7

114.6
173.2
235.9
250 .2
269.8

61i.1
257.4
236.5
239.4
i29.7
242i3
23a.4
itZ .6

2t6.9
182.0
271.8
337.1
^32.2
3t3.4
353.7
230.0
349.5

MAX
616.3
771.1
892.6
980.9
879.7
960.3

945.9
00 .4

803.7
939.0
,65.6
964.0

1065.C
d87.2
858.6
805.8
886.2
779.6
887.3
836.5
834.6
676.6
743.4
614.4
518.5

MIN
590.1
743.7
777.5
8a7.5
845.5
785.4
905.3
600.4
653.4
641.0
681.3
676.8
688.3
782.1
774.0
805.8
886.2
677.6
698.8
745.9
631.6
538.4
526.2
513.0
501.3

MEAN
605.8
756.7
834.7
935.9
857.5
879.3
927.4
800.4
728.5
801.6
784.3
828.3
869.7
952.2
825.0
805.8
886.2
734.2
807.7
786.6
698.6
620.2
618.3
550.4
539.9

MAX
18.5
41.8

129.7
172.6
297. 3
371.7
376.6
353.0
400.0
385.9
410.0
428.1
424.0
426.8
451.2
455.8
431.8
475.0
528.7
530.5
580.9
585.1
608.8
553.0
514.0

PiN
I18.0

109.6
161.8

2 7E.4
322.4
3o2. 9

3S4.6
263.9
377.o
37t.7
3CC.6
404.8
41S.5
455.o
431.o
42b.5
426.6
4 o4. t
37C.4
533.0
320.4
370.9
4o4.b

MEAN
17.5
41 .
20. 0

166.0
2c5.5
346.8
371.7
353.0

397.3
354.3

C22.t
398.5
419.1
434.7
455.8
431. E
456.7
485.3

j 10.4
513.8
553.7
530.9
44• c9
499.*3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43813F

Test D ate: 7 /17/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.2 psia)

880 0 C (1616 0 F), 3C 2.03 m

(80 in.)

2.55 kw/m (0.777 kw/ft)

28 mm/sec (1.1 in./sec)

99 0 C (210 0 F)

446 0 C (422 0 C - 462 0 C)

[835oF (792°F - 864°F)]

22 mm (0.85 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Inlet subcooling:

-0.5% average(a)

0% increasing linearly to -0.5%(a)

approximately -9% constant(a)

a. Relative to run 43013A

K-594



FLECHT SEASET 21 RJO BUNDLE TEST SERIES
OWN mJMdER43813F

TINITIAL 4AXLMuM TEMPERATURE TUR-4AROJN) QUENCH
CHA4. NO AT FLOOD TEMPERArUaE RISE TIME TEMPREATURE

(DEG F) (DEG F) (DEG Fi (SE:04DS) (WEG F)

3
3
0
0

7
2
3
4

4
4
4
5

S
5

5
6

6
6
6

7

8
8

0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73

B* A 0
85

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

171
172

* 8 AD

1151.
1246.
1366.
1459.

1 503.
1404.
1468.
1461.

1465.
1541.
1453.
1457.

1463.
1519.
1561.
1565.

1459.
1599.

THE R M 0
1596.

1617.
1452.
1518.
1550.

1587.
1412.
1504.
1520.

1311.
1470.
1554.
1506.

1457.
1288.
1117.
1386.

1246.
1335.
1086.

937.

1229.
1218.
1128.
1003.

1090.
666.
918.
800.

1257.
1314.
1511.
1o22.

1691.
1618.
1621.
1590.

1734.
1666.
1610.
1603.

1604.
1671.
1722.
1799.

1664.
1753.

C IO UP L E U
1783.

1809.
1639.
1659.
1090.

1717.
1565.
i689.
1720.

1539.
1598.
1737.
1692.

1648.
1566.
14,31.
1663.

1434.
1566.
1375.
1145.

1540.
1467.
1378.
1328.

1398.
958.

1248.
1126.

106.
68.

145.
164.

188.
213.
153.
128.

269.
125.
157.
146.

140.
152.
160.
234.

205.
154.

A r*
18 7.

192.
187.
141.
140.

131.
152.
185.
200.

228.
128.
183.
186.

191.
278.
314.
277.

189.
230.
289.
208.

311.
249.
251.
325.

308.
292.
330.
325.

22.5
18.0
40.0
33.0

45.0
73.5
33.5
44.5

52.0
32.0
41.0
44.5

38.5
36.0
35.0
49.5

53.0
33.5

43.5

47.5
43.5
25.5
16.5

15.t5
26.0
31.0
34. 5

49.0
33.5
33. 5
39.5

48.0
52.0
63.0
48.0

55.5
50.5
49.0
21.5

49.0
60.0
66.5
71.5

57.0
112.0

90.0
92.0

121.0
102.0

754.
844.
931.
786.

873.
283.
816.

1015.

234.
766.

1120.
1084.

923.
857.
656.
527.

1061.
812.

957.

969.
999.
710.
708.

790.
778.
798.
928.

972.
845.
826.
733.

763.
7Z6.
872.
905.

785.
717.
597.
614.

743.
613.
6i4.
715.

633.
038.
584.
648.

jJENiH

(SECONDS)

118.2
107.4
174.8
270.8

327. 7
568.0
317.0
267.9

656.0
368.7
258.8
274.9

216.I
3?6.7
354.8
301.9

326.3
371.5

316.9

302.7
314. 5
407.0
396.0

344.7
361.o
416.0
36b4.9

333.8
378.9
407.0
423.9

435.8
446.6
373.9
397.8

429.5
462.7
407.0
438.0

418.3
484.8
430.9
443.0

488.0
466.9
j11.6
462.9

2C

50
30

4C 9- 3
910- 0

4R10- 0
5010- 0

?ll- 0
4CII- 0
1011- 6

580.
729.

T H E R M

849.
1045.

) C J U P L E 0D A A*

Zb9.
310.

599.
518.

322.4
503.9

K-595



RUN 43813F HEAIER ROD •rATISTLCAL OATA

MAA TEMP (DEG F)INITIAL TEMP (DEG F) rJRNAlkOUNO TIME (SEC)

Ln

0"

ELEV
12
24
39
408
60
67
70
71
72
73
74
75
76
77
78
79
90
81
94
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
51
84
90
96

102
III
120
132
138

IAX
665.7
917.6

1246.3
1459.0
1458. 5
1593.3
1600.3
1527.3
1422.1
1407.1
1465.0
1478.3
1540.8
1561.4
1598.7
1506.3
1616.6
1518.7
1586.8
1563.0
1427.5
1241.6
1389.7
918.1
728 . 5
673.0

MIN
627.8
917.6

1150.9
1296.9
1429.6
1465.0
1338.8
1478.9
1297.4
1343.5
1255.7
1358.2
1383.4
1456.9
L456.9
1416.8
1451.5
1518.7
1412.5
1311.0
1116.7
890.2
842.6
666.2
534.6
652.0

ME AN
646.8
917.6

1187.8
1371.4
1446.2
1536.2
1435.2
1503.1
1359.7
1375.3
1405.1
1426.4
1462.1
1496.6
1521.0
1528.8
1524.9
1518.7
1517.5
1466.0
1315.5
1125.3
975.9
816.6
603.0
662.5

MAA
679.4
946.*0

1314.2
1594.9
1651.b
1807.8
1813.5
1760.9
1104.0
1622.1
1722.9
1740.8
1754.Z
1721. 8
1798.8
1783.2
1809.0
1702.9
1720.7
1767.6

1707. 3
1539.8
1398.1
1253.o
1044.9
1006.8

AIN
643.*6
946.0

1256.7
1452.7
1622.1
1670,1
1558.2
1704.0
1558,2
1506.8
1534.4
1544. 1
1560.3
1570.0
1619.9
1590.6
1638.5

1702.9
1564.6
1538.7
1404.4
1139.0
1090.3
958.3
706.7
860.3

MEAN
661.5
94o.0

1287.7
1516.1
1633.4
1736.1
1629.8
1732.4
1631.1
1594.4
1638.3
1627.7
1645.5
1648.8
1684.6
1698.2
1715.9
1702.9
1660.1
1660.4
1567.2
1378.6
1258.7
1132.3
865.7
933.5

IAX
7.0

12.0
26.0
44.5
43.5
45.0
42.0
49.0
86.0
64.5
93.5
87.5
82.5
53.0
53.0
47.5
48.0
41.0
27.5
49.0
63.0
66.5

111.0
112.0
121.0
109.0

MIN
5.0

12.0
18.0
32.5
33.0
39.5
37.5
43.5
57.5
46.5
46.0
33.5
32.0
32.5
30.0
34.5
43.5
41.0
15.5
31.0
26.5
2i.5
48.0
85.3
85.5
99.5

MEAN
6.0

12.0
22.2
39.9
38.3
42.7
40.5
46.3
71.8
55.5
61.4
50.4
48.0
40.2
40.5
41.5
45.8
41.0
19.9
38.8
50.1
46.3
73.2
92.8

104.4
104.3

TEMP ILSE (DEG F) QUENCH TEMP (DEG F) QUENCH fIME (SEC)

4AX
15.7
28.4

126.1
155.8
201.1
214.5
219.3
233.5
281.9
223.3
278 o 7
287.1
259.1
236.4
234.2
201.2
202.0
184-2
160.1
240.7
314.5
311. 3
351.4
337.0
316,3
333.8

MIN
13.7
28.4
67.9

135.9
163.6
187.8
171.7
225.1
260.8
215.0
204.1
126.8
116.3
109.9
128.7
146.0
176.4
184.2
130.6
128.3
165.4
208.1
167.6
289.7
167.1
208.3

MEAN
14.7
28.4
99.9

144.7
187.2
199.9
194.6
229.3
271.3
219.1
233.1
201.3
183.4
152.2
163.6
169.4
191.1
184.2
142.5
194.4
251.7
253.3
282.7
315.6
262.7
271.0

MAA
648.0
803.6
844.4
931.1
78b. 3
915.9
84j.9
866.1

1151.8
944.1
95•. 7

1129.5
1300.6
1210.3
1162.4
1161.3
1019.1

9,18.82
888 .6
975.7
959.8
793.1
726.4
648.0
599.0
535.8

MIN
624.1
803.6
753.6
815.4
700.1
701.2
269.4
285.6

1005.3
278,0

244.7
238.2
233.9
655.6
527.5
795.8
821.1
918.2
671.5
733.2
717.5
570.6
545.0
565.0
517.6
534.2

MEAN
636.1
8.03.6
787.9
892.1
769.7
851.7
493.4
575.8

1078.6
611.1
410.2
712.9
797.5
892.8
885.7
925.4
904.5
918.2
773.0
849.5
808.6
644.1
634.4
629.0
553.2
535.0

IAX
12.0
40.5

122.9
174.9
284.4
341.7
596.0
576.0
355.6
572.0
523.0
645.0
656.0
371.8
391.0
385.9
391.7
349.6
412.5
435.8
462.7
489.0
488.0
511.6
503.9
501.9

M Im
11.7
'.0.5

107.4
164.7
Z70.8
319.8
342.5
360.7
291.7
294.0
363.1
204.1
215.7
216.1
223.8
234.6
302.?
349.6
324.8
333.8
373.9
400.7
403.4
462.9
275.7
486.0

MEAN
11.9
40.5

116.1
171.8
276.7
332.7
472.9
468.3
323.6
433.0
530.8
382.0
384.2
315.3
333.8
340.2
349.9
349.6
365.3
389.6
420.8
448.2
454.9
478.8
398.9
493.9



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42514A

Test Date: 3/31/80

Test Type: ForcedReflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate (stepped)

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.281 MPa (40.8 psia)

872 0 C (1601 0 F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

160 mm/sec (6.3 in./sec) 5 sec

23 mm/sec (0.89 in./sec) onward

49 0 C (120 0 F)

486 0 C (481 0 C - 489 0 C)

[906oF (897 0 F - 912°F)]

28.91 mm (1.138 in.)

B. Summary Results:

C. Comments:

Total power: linearly increasing from +0.1% to -1.1% by 470 seconds(a)

a. Relative to specified conditions
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-LcCHT SEASET 21 ROD RUNDLE TEST SERIES

31)/ELEV
RUN

T1lI i1AL MAXIMUM
CHAN. NU AT fLCUC TFt'PEkATURE

(0t6 I) (1EG F)

3-
3-
4-
5-

2A
I )

20
3)

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

5
5
6
6

0
b
0
0

0
0
6
6

9

14
17

21
5C
53
56

b!
63
o 8
09

70
75
7'r
84

45

115

117

9 c

IIC121

1i2

123

115
117
12C
121

122
13
134
127

12t
131
133
136

154

139
141
162

165
148
157

156
161
164
167

108
170
172

iC513.
1242.
1332.

1455.
14t',.
1516.
15i2.

15C5.
i456.
1553.
1461.

1465.
1562.
1544.
15sc.

15t4.
1512.
1566.

1436.

1143.
1465.
13S5.
1423.

144i5 .
1313.
136d.
13 SC.

11•.7
1277.
L4C3.
1313.

1237.
1115.

155Js.

1143.
0ob6.
b52.
7tit

972.
10•5.

648.

930.
540.

5C4.
6C4.
4!f.

1006.

1322.
1487.

1599.
1727.
1803.
1855.

1647.
1740.
1d33.
1773.

1763.
1886.
1917.
1867.

1919.
1817.
1914.
1770.

1631.
1657.
1565.
1434.

1551.
1598.
1594.
1618.

1532.
1557.
1658.
16b4.

1547.
1561.
1122.
1903.

1500.
1478.
1359.
1080.

1404.
1368.
1255.
1378.

1358.
1037.
1199.
1164.

773.
950.
843s

NUMBER42514A
TEMPER&TURE

RISE
(OEG F)

17.
5.

80.
155.

144.
259.
228.
263.

142.
284.
279.
292.

279.
304.
373.
301.

335.
305.
348.
333.

483.
192.
169.
11.

105.
285.
206.
267.

335.
280.
256.
321.

311.
447.
416.
348.

356.
392.
507.
294.

432.
303.
394o
530.

428.
447.
413.
467.

269.
346.
386.

16.5
1.0

37.5
52.5

52.0
83.5
68.0
83.5

71.0
89.0
85.0

100.0

97.5
99.0

102.0
85.0

102.0
101.0
103.0
133.0

102.0
152.0

54.0
1.5

39.0
104.0

54.0
70.0

63.0
86.0
54.5
70.0

98.0
100.0
114.0

99.0

82.0
120.0
104.0
103.0

103.0
85.0

105.0
149.0

133.0
131.0
164.0
165.0

148.0
180.0
182.0

054.
661.
909.
b56.

923.
1007.
90b.

3011.

902.
930.

959.
1001.
94t.
921.

C030.
961.
b67.
c43.

840.
1196.
774.
710.

762.
71S.
813.
872.

756.
609.

781.

b34.

696.
906.

78B.
605.
616.

572.

722.
b42.
575.
714.

716.
64t.
027.
593.

67o.

503.
3b5.

TURNArIUND QUENCM
TIE TLMPREATURE
(SECONDS) (DEL F)

QUENCH
TIME

(SELONDS)

47.4
46.E

109.7
205.7

266.6
344.5
335.5
341.6

322.7
359.7
362.7
35 5. 7

352.7
367.8
370.4

372.7
362.t
365.7
3E3.6

461.0

365.k
427.8
427.1

426.C
419.0
452.8
4,@C.C

446.7
456.'
442.';
455.C

435.3
46O.C
5C9. C
304.b

462.';
467.9
501. C
502.C

467.0
519.C
520. C
526.1

524o.C
532.5
556.0
517.1

326.0
555. C
417.3

6
6
6
6

6
0
0
6

0
0
6
6

6
6
6
3

4C 9-
1013-
4310-
5010-

3
0
0
0

2A11- 0
4C11- 0
1D11- 6
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RoN 42514A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITlAL TLMP WtD0 F) TURNARJUND lIME (SEC)

I,

ELEV
12
24
3'1
46
60
67
70
71
72
7,,
75
76
77
70
8 '
90
9o

102
1li
120
132
136

ELcV
12
24
39
4o
60
67
70
71
72
7'.
75
76
77
7b
a54

90
102
111
120
132
13b

MA A
509.0
651.3

1052 .'
1251 . 3
1423. 9
1550.2
1592.4
1595.1
lool. f
1591.'.
1566.1
15d5o9
1564'. 2
1 50o o 4
1445.4
1402.5
1253.3
1064,* 7

930.
70b. C
t004. *4
!ol. 3

AL A
491.4
b0z *.
94o.0

1144.0
1307.1
1440.4
147b .4
A472.2
i462.5
1447.5
1,560.1
£L443. -'
143D . 7
1436.3

£L152 * 2
70o.5
78s ,

71).*
590.1
513 . 7
450.3

PEAN
498.1

Si6.6
1201.4
1342.7
1•74.6
154..5
1543.6
1"32.1
15It1.4
1537.4

1524.2
1"Co.1
1375.4
1297.6
1115.3

'13.3
b5c.0
6b2.9
537.4
5C.3

MAX
510.8
656.2

1058.3
1321.5
1492.3
1675.5
1776.5
1803.3
1024.8
1855.3
1874.5
1897.2
1918.9
1916.
1598.1
1694.1
1630.8
1473.0
1383.4
1226.5
950.1
957.3

MIN
493.7
607.8
959.4

1253.6
1315.2
1598.1
1681.0
1665.7
1615.6
1563.6
1739.7
1576.5
1770.9
1657.0
1408.7
1506.3
1122.4
1080.)
1087.2
1026.4
773.2
838.5

4EAN
500.4
633.1

1007.8
1255.2
1413.K
1519.11
1731.6
1746.1
1725.0
1773.3
1817.3
1906.0
1846.6
1831.1
1520.7
1501.B
1519.0
1310.3
1253.1
1139.9

828.3
883.4

MAX
1.0
1.5

16.5
38.0
53.0
54.5
70.0
70.5

100.0
98.0

100.0
125-0
117.0
152.0
104.0

98.0
120.0
118.0
166.0
165.0
180.0
182.0

YI N
.5

1.C
1.0

2C.0
1.5

3'rv. *5
54.0
67.0
53.0
3t.5

Stdq. 0
5t.0

63.5
1.5

54.0
t0.0
39.0,

114.0
131.0
14E.0
150.0

MEAN
.9

1.4
6.3

33.4
34.4
49.8
63.'
69.3
70.6
79.C
88.1
96.3
99.2

11C.3
50.2
74.6

97.8
130.7
1i3.1
156.G
166.2

TEP KISE (UEG F) QUENLH TEMP (DEG F) OULNCd IMt (SEC)

MA X
2. 6

17.1
109. 6
154.t
157. 1
Z15.2
213.2
224.3
263.4
292.3
326.3
335.1
372.'.
204.7
363.S
462.7
553.3
530. C
522.2
345.7
453.C

4.9
5.4

56.t
7.5

125.3

193.5
130.5
116.0
264.3
133.0
300.6
191.7
11.5

206.*
353.0
256.3
273.7
374.0
2 -,'t. I1
3i2 1.'co

MEAN
2.3
4.9

11.0
83.6
70.7
144.3
190.1
202.6
192.9
232.0
279.9
279.2
322.3
325.0
145.3
3C4.2
403.7
397.0
395.1
457.0
2q0.9
363.1

MAX
498.0
646.7
860.9

1006.5
899.2
95 e . 5

1000.6
1053.1
1060.6
1052 .1
940.3

1000.9
980.6
995.7
787.8
884.2
874.6
722.0
771.5
712.1
739.9
592.0

MIN
294.2
597.1
766.3
905.7
780.5
915.2
915.2
824.1
824.9
831.4
900.8
912.1
915.3
886.5
698.6
755.9
696.4
558.0
550.4
593.2
503.3
285.6

MEAN
445.5
614.P
93531.
951.5
832.3
934.8
951.3
940.3
933.9
960.0
939.2

951.4
939.5
929.0
730.8
823.2
795.2
627.0
696.8
656.2
625.9
476-7

MAX
3.5
8.0

48.8
109.7
209.6
273.7
303.7
316.7
326.5
350.6
362.7
368.6
384.5
390.8
439.7
458.0
509.0
520.0
535.0
556.0
555.0
547.7

1.1

4.0
46. 0
88.9

194.7
261.7

292.5
3C2.6
322.7
336.7
343.o

365. u
419.0

435.3
462.9
487.0
453.9
44C.3
176.5
414.0

PEAN
2.3
5.3

47.7
'.6.'.

203.2
265.9
296.3
305.4
315.C
335.,
351.9
357.'.
372.7
362.0
427.0
'.49.2
460.4
504.1
503.4
526.C
386.6
491.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42014B

Test Date: 6/19/80

Test Type: Forced Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate (stepped)

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

873 0 C (1603 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

147 mm/sec (5.8 in./sec) 5 sec

23 mm/sec (0.91 in./sec) onward

49 0 C (120 0 F)

519 0 C (512 0 C - 523 0C)

[967oF (953 0 F - 9740F)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing i niti al

temperature at

mi dpl ane:

+5% to 80 seconds and decreased to +1% thereafter(a)

-0.25% constant(a)

a. Relative to run 42514A

K-600



ROD/ELEV

2A 3- 3
4C 3- 3
1C 4- 0
2*. 5- 0

FLECHT SEAjEr 21 tU) alu4JLE TLST iERIES
RUi NUi3EK4ZO14B

TI41ITIAL liXiMUi TEMPEWATURE TURRAWON)3 WUE,4*H
CH.4. 40 AT FLOOD TE,4PERAtURE AISE TI ME TE•iPkEATJkE

(DEG F) (DEG F) (JEG F) (SE3d•0) (DEG F)

24
10
20
30

5c
1D
48
50

24.
2o
33
3C

3E
3C
30
4A.

4C
5c

i¢

29

30
58
26
2C

2E
3A
35
46

5C
1C
21
30

58

5C

3c
11

2:
4;
50
30

6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

7
2
2
2

2
3
3
3

4
4
4
5

9
11
14
17

21
50
53
58

61
63
68
69

70
72
75
85

1073.
1222.
1301.
1367.

1475.
1419.
1506.
1542.

1477.
1431.
1528.
1411.

L431.
1535.
1563.
1600.

1 Q 80.
1251.
1350.
1558.

1680.
1666.
1761.
175D.

1692.
1654.
1761.
i742.

1723.
1788.

116.
1666.

7.
29.
49.

191.

205.
247.
255.
207.

215.
223.
232.
330.

292.
252.
253.
2b6.

5
6
6
6

* 9 A T* HE R M3 C
95 1581.
96 1544.
97 1417.

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168
170
172

1551.
1459.
1432.
1460.

1494.
1352.
1427.
1437.

1259.
1402.
1447.
1452 .

1409.
1198.
961.

1262.

1207.
1298.
1025.

832.

1113.
1201.
1040.

953.

1053.
624.
905.
742.

562.
670.
287.

o U P L E i A
1d95.
1851.

1766.

1659.
171o.
i021.
1526.

1600.
i161°
1627.

1704.

1524.
1064.
, 7 35.
1775.

1716.
1o05.
1444.
1694.

1608.
lo87.
1409.
1278.

1486.
1642.
1409.
14241.

1433.
1043.
127b.
1195.

798.
1049.

688.

T A
314.
307.
350.

307.
257.
189.
66.

166.
264.
250.

2t> 7.

264.
262.
286.
323.

307.
4u7.
483.
433.

401.
388.
384.
446.

373.
441.
368.
471.

381.
419.
370.
453.

236.
379.
b02.

2.0
23.0
35.0
64.5

66. 5
? 1.0

137.0
92.5

30.5
31.0

136.0
125.0

136.0
90.5

138.0
1304. 0

106.0
92.0

154.0

136.0
122.0
67.5
51.5

57. 5
123.0
67.0
57.0

13.0
58.5
81.0

136.0

?4.0
134.0
149.0
106.0

104.0
121•0
136.0
134.0

)2.5
135.0

92.0
136.0

137.0
148.0
135.0
155.0

153.0
139.0
230.0

803.
854.
865.
749.

025.
db6.
774.
851.

004.
812.
801.
756.

814.
877.
873.
910.

597.
644.
822.

901.

724.
728.

751.
701,.
796.
ji1.

713.
792.
860.
d20.

792.
773.
685.
841..

678.
7ol,

o34.
607.

674.
738.
561.
758.

722.

534.

770.

O52.
565.
262.

ý JE AýH

(S E JNOS

79.0

78.4
128.2
238.8

305.5
378.7
383 . d
374.9

370.6
349.2
392.4
427.8

409.8
402 . 6
402 . 5
402.8

414.8
412.5
433.4

4o7. 5
420.,
467.1
476.5

457.9
480.0
206.b
498.9

503 . 8
4,2. 7
441.0
493.6

44 7. 2
524.9

531.3
510.8

52 7. 5
530.2
548.0
556.0

553.0
548.1
575.0
j54.0

560.9
o15.0
598.0
550.9

4 8.4
001. 0
596.0

9- 6
8- 6
9- 6
Q- 3

4C 9- 3
1D10- 0
4610- 0
5010- 0

2411- 0
4C11- 0
1l11- 6
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RUN 42014ti HLATEK ROD *fATISriCAL DATA

AAA TEMP (DEG F)I4ITIAL TEMP (DEG F) rJRNARCuNO riME (SEC)

0
I'0

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
96

102
ill
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75

76
77
78
84
90
96

102
111
120
132
138

-AX
588.7
875.0

1221.7
1358.7
1482.3
1573.8
1603.2
1589.1
1472.5
1547.0
1582.6
1597.6
1599.9
1580.5
1493.9
1452.3
1318.0
1200.9
1052.6
905.0
570.1
649.2

MIN
543.2
798.4

1073.0
1247.6
1352.8
1451.0
1423.2
1409.1
1403.9
1418.9
1411.4
1426.4
1395.2
1407.1
1351.6
1259.3
961.1
831.8
706.1
623.9
512.1
286.6

ME AN
559.3
826.4

1129.3
1291.2
1390.5
1495.1
1516.1
1503.4
1446.4
1492.7
1508.3
1507.0
1510.3
1487.8
1426.6
1382.4
1228.6
1049.4
946.5
751.3
571.7
485.1

MA X
588.7
878.9

1250.5
1452.7
1588.4
1702.9
1788.8
1802.2
1706.2
1803.3
1862.5
1830.4
1868.9
1694.9
1710.7
177s. 4
1702.9
1041.7
1433.4
131(. 3
1049.0
1067.7

MIN
546.0
802.3

1080.0
1342.5
1371.9
1645.0
1647.2
1653.7
161a. 8
1665.7
lo53.7
1693.0
1684.3
1716.3
1525.7
L523.6
1444.1

1224.4
1104.7
1042.8
787.8
825.1

ME AN
560.4
831.0

1146.9
1380.8
1485.a
1669.0
1728.1
1723.0
1660.7
1735.0
1747.2
1762.6
1798.9
1805.4
1612.1
1668.(
1616.8
1430.8
i301.0
120o.6
873.3
935.2.

IAK
1.0
2.0

20.0
51.5
64.5
68.0
80.5
90.5

107.0
135.0
125.0
135.0
131.0
154.0
123.0
106.0
149.0
168.0
185.0
195.0
159.0
200.0

A 1.4
0.0
1.5
2.0

3J.0
2.0

51 .5
66.5

79.0
82.0
ol1.0

90.5
92. 5
92.0
51.5
67.0
68.0
67..,

79.0
119.0
139.0
136.0

ME AN
.5

1.6
14.3
40.6
39.4
62.9
71.2
77.6
87.1

1 00j.9

101.2
108.0
105.9
115.5

75.1
81.6

108 *8

i05.4

147.6
147.6
171.6

TEIP AISE (DEG F) QUENCH TEiP (DEG F) IJEiCH filE (,EC)

'(AX
2.8
6.9

28.8
145.1
191.1
205.3
253.8
244.6
232.7
296.5
330.5
303.7
303.4
349.7
255.0
323.1
483.0
449.3
488.0
612.6
378.9
601.6

MIN
0.0
3.9
7.0

48.7
12.1

129.1
185.6
174.1
191.1
203.3
193.9
221.1
265.6
256.9

66.1
250.2
310.7
208.7
231.7
370.5
235.8
325.8

ME AN
.7

4.6
17.6
95.6
95.3

173.9
212.0
219.5
214.3
242.4
238.9
255.8
288.6
317.6
185.5
286.1
388.2
381.4
354.5
457.5
301.6
450.1

MAX
565.3
799.6
854.4
926.8
895.3

1004,.8
981.9

1003.7
923.6

1064.0
960.6
951.2
926.9
960.7
784.1
859.7
661.1
738. Z
759.3
770.3
672.4
550.8

MIN
537.5
692.7
?8j.8

860.9
733.8
643.8
837?5
787.4
781.0
774.0
786.2
710.5
760.5
604.0
677.2
712.7
677.6
561.1
598.5
534.2
j65.3
2o2.3

ME AN
545.8
730.4
821.1
887.4
794.1
911.5
891.9
914.0
855.4
8 79.6
870.0
808.6
878.5
874.2
726.3
794.9
764.3
634.3
660.8
647.4
018.7
484.7

4AX
4.0

24.5
84.4

133.7
240.4
335.5
341.7
393.7
359 .5
397.9
427.8
413.5
417.8
434.7
4384.5
515.9
534.0
575.0
588.9
519.7
501.0
519.0

m LN
3.0

21t1
7d.4

12o.7
225.o

282.9
310.6

327.ý
34o.7
361.7
349.2
387.6
402.7
407.5
457.4
464.0
,10 .6

:)4 2 . 3
548.9
550.9
366.7
443.3

MEAN
3.6

22.9
61.5

128.5
235.2
299.4
333.4
344.9
352.2
378.1
369.ý,
398.,0
409.8
421.2
469.4
49? . 4
525.7
555.0
571.3
.,96.8
481.7
;77.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42314C

Test D ate: 8/21/80

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate (stepped)

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

876 0 C (1609 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

153 mm/sec (6.01 in./sec) 5 sec

22 mm/sec (0.87 in./sec) onward

49 0 C (120 0 F)

501 0 C (485 0 C - 513 0 C)
[9340F (905 0F - 9550F)]

43.4 mm (1.71 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+2.5% for 90 seconds and -2.5% thereafter(a)

-0.25% constant(a)

a. Relative to run 42514A

K-603



ROI/ELEV

FLECHT SEASET 21 RIDO 8U4LE TEST SERIES
RUN NUMBER42314C

TINITIAL MAXIMUM TEMPERATURE TURNAROUND OUENCH
CHA4. Nn AT FLOOD TEMPERATURE RISE TIME TEAPREATURE

()EG FI (DEG F) (DEG F) (SECONDS) (DEG F)

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
3

7
2

2

43 6-
5C 6-
10 6-
53 6-

24 6-
11 6-
2) 6-
3C 6-

3E 6-
3: 6-
30 6-
44 6-

4C 6-
5C 6-
IC 7-
23 7-

31 7-
53 7-
21 7-
2 7-

2E 7-
34 7-
34 7-
41 7-

5: 7-

3C 8-

31 8-

55 8-
5C 8-

41 8-

50 8-
30 9-

4C 9-
1010-
4410-
5)10-

2

3
3

4
4
5
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0

3

3
0
6
6

6
6
6
3

3
0
0
0

9
11

14
17

21
50
'53
58

60
61
63
69

70
75
84
85

86
95
Q6
97

Q8
101
110
111

115
117
120
121

122
123
124
127

129
1311
133
136

138
139
141
142

145
148
154

156
161
164
167

168
170
172

1102.
1251.
1353.
1416.

1538.
1470.
1440.
1550.

1562.
1472.
145Q.
1476.

1474.
1576.
1551.
1547.

1536.
1512 .
1559.
1471.

1543.
1557.
1428.
1445.

1457.
1 369,
14ý8.

141F.

1097.
1415.
143 Q.
1436.

1•79.

q57.
1275.

1192.

133 .
1036.

1043.
901.

101 0.
545.
865.

714.

554.
662.
417.

1149.
1285.
1448.
1645. 2

1734. 2
1658. 1
1705. 2
1681. 1

1734. 1
1733.
1680.
1690. 2

1678.
1766.
1789.
1856. 2

1730. 1
1576.
1861.
1727. ?

1371.
1763.
1599. 1
155C. 1

1656. 1
1592.
1648.
1723.

1553.
1631.
1676.
1711.

1692. 2
1594.

1516.
1722.

14 3C.
1657.
1432. 3
1227.

C 9 U P L E D A T A
1417.
1350.
1449.

1410.
1119.
127C. 4
1194.

441.
1082.

c44.

47.
34.
96.
?29.

26.
.89.
15.
.31.

.73.
•61.
??1.
713.

'03.
o0.

37.
60.

.93.

;34.

(33.
57.

98.
)36.

.71.
3•4.

.99.
Z23.
-?0.
)35.

.56.
716.
37.

?74.

64.
(65.
159.
.47.

38.
120.
(96.
.35.

779.
(37.
(48.

.30.
(24.
.36.
.80.

!77.
420.
?27.

21.0
2• 1I 0
46.5
76.0

76.0
88.5
89.5
88.5

76.5
89.0
88.5
99.0

73.0
75.5
8q.0
88.5

89.5
88.5

103.G
88.5

8*.5
88.5
76.0
50.0

76.0
136. C
63.C
76.0

101.C
63.0
62.5
75.C

89.0
99.0

118.0
116.0

179.0
lo1.0

89.0
129.0

75.5
104.0
131.0

116.0
165.0
162.0
198.0

208.0
147.0
175.0

850.
851.
897.
953.

899.
916.
631.
739.

943.
282.
987.

1018.

1034.
865.
834.
963.

908.
944.
795.

1014.

86S.
9a6.
760.
705.

701.
795.
811.
744.

745.
756.
917.
816.

730.
723.
741.
803.

734.
774.
517.
573.

645.
640.
670.

668.
742.
635.
75C.

603.
5L0.
595.

OUENCH
TIME

(SECONDS)

71.9
86.7

142.8
240.7

312.6
385.8
402.0
409.0

384.6
664.0
393.9
376.5

293.5
404.5
416.7
4C7.8

417.8
419.6
437.8
348.3

432.3
'17.8
470.6
471.2

477.9
457.9
515.6
524.5

.5C9.8
5C2.6
514.9
520.5

493.9
559.2
554.7
550.2

539.6
531.0
586.0
583.0

587.0
569.8
595.0

588.0
590.0
635.9
551.3

459.2
622.0
597.8

21ll- 3
4C11- 0
1011- 6

K-604



RUN 42314= HEATER ROD STATISTICAL DATA

MAX TEMP (')EG F)141TIAL TEMP ()ES F) TUR4ARJUND TIME (SEC)

0

ELEV
12
?4
39
43
50
67
7*)

71
72
74
75
76
77

78
84
90

13 7
111.

120
132
119

ELEV
12
2 4
39
49
60
67
70
71

72
74
75
76
77
73
34
'40
16

102
1ll
120
132
133

MAX
657.7
409.2

1251.3
1331.1
1415.8
160Q.2
1591 .9
1347.6
1521.6
1571.4
1594.6
1600.5
1596.7
15A3.3
1475.4
1438.9
1341.7
1139.3
1029.2
391.1
662.4
638.7

MIN
586.4
822.9

1102.0
130.1

1400.4
1479.2
1408.Q
1457.3
1512.4
1443.8
1458.9
1444.3
1432.1
1414.9
1207.9

1086.7
957.4
791 A
695.0

5•5.4
49q.0
416.8

MEAN
610.4
868.2

1161.2
133Q. 2
1410.4
1520.2
1535.4
1522.6
1517.0
1512.7
1535.8
1536.9
1532.8
1527.1
1404.6
1377.7
1246.8
1314.9

125. 1
735. I
573.7
501.9

MAX
658.3
909.9

1284.9
1490.2
1688.6
17951,4
1861.0
1818.0
1775.4
1734.1
1793.2
1828.2
1956.4
1875.7
1727.4
1757.5
1721.8
1535.5
1449.4
1336.2
1082.0
1048.0

MI4
587.6
827.1

1149.4
1434.4
1577.6
1663.3
1552.7
1724.1
1773.1
1633.0
1643.9
1664.6
1711.8
1715.1
1333.4
15 5.7
1430.?
1226.5
1153.3
1114.3
837.5
364.4

MEAN
S11.4
970.6

1?07.7
1460.7
1S37.1
1726.5
1778.9
1781.3
1774.2
16583.2
1723.7
1737.4
1777.6
1798.4
1586.6
1673.5
1505.8
1405.0
1327.1
1219.9
302.5
953.6

MAX
.5

2.0
31.5
60.0
76.0
76.0
86.5
89.5
88.5

100.0
99.0

114.0
98.0

118.0
136.0
145.0
179.0
129.0
164.0
198.0
ZO8.0
179.0

MI.4

.5

21.0
44.5
39.0
62.5
48.5
96.5
75.5
75.5
87.0
73.0
87.0
74.0
50.0
62.5
76.3
75.5

101.0
131.0
147.0
165.0

MEAN
.5

1.0
26.0
'9.6
63.0
72.0
72.*
88.4
82.0
86.0
89.9
t8.0

89.9
90.9
77.9
89 .0

103.4
102.3
13J.9
165.8
171.3
173.0

TEMP RISE ():G F) OUENC4 TEMP ()ES F) OUE4'H TIME (SEC)

1.2
4.2

59.4
161.7
273.8
232.3
2 71.7
270.4
260.7
215.2
2V7.2
255.2
279.7
343.2
252.0
466.0
558 .6
490.3
543.0
620.4
419.6
5?7.2

MIN
0.0
1.1

33.6
95.6

177.1
181.1
1443.7
237.6
253.9
130.4
114.1
lI I.6
193.3
193.3
104.1
215.9
?38.4
279.0
305.6
295.7
267.7
345.4

4EA4
.9

?.3
46.5

121.5
220.7
?06.4
743.4
?259. 7
257.3
170.4
187.q
?00.5

244.3
?271 . 3
132.0
?95.7
359.0
390.1
402.0
4384. P
3238.
451.7

MAX
621.5
74C.0
387.8
942.3
886.6
921.4
987.1

1027.3
946.3
95c.9

1017.6
1115.6
1024.6
1013.8
336.1
863.5
311.3
644.7
795.6
775.1

594.5

MIN
568.4
717.2
933.7
875.7
773.8
857.4
833.0
850.4
937.8
610.?
792.9
801.0
883.8
794.9
700.6
744.8
722.8
572.8
626.7
440.6
509.8
?93.4

MEAN
534.5
730.4
355.5
998.2
•33.5

893.0
323.5

344.8
3 2.1
790.6
c10.4
417.8
33 4.3
997.2
764.1
799.4
773.6
518.8
674.6
554.2
519.8
509.7

MAX
3.9

26.6
86.9

145.8
249.6
321.4
358.7
365.6
357.7
4 C9.0
407.0
432.0
421.1
446.4
480.5
524.5
559.2
587.0
610.0
635.9
622.0
624.8

Mi1
3.4

20.5
71.9

133.5
240.7
308.7
344.9
347.7
355.6
312.8
376.5
293.5
391.8
341.6
433.3
458.0
529.7
566.3
472.8
475.7
290.3
243.3

MEAN
3.6

24.2
81.1

141.7
245.2
313.5
351.3
3 tb. 9
356.6
383.7
395.0
383.8
410.1
411.1
463.5
506.2
546.3
579.8
575.9
587.5
421.7
5 '7.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42014D

Test Date: 10/15/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate (stepped)

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

878 0 C (1613 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

153 mm/sec (6.04 in./sec) 5 sec

22 mm/sec (0.88 in./sec) onward

50 0 C (122 0 F)

499 0 C (490°C-509 0 C)

[931OF (914oF - 948OF)]

86.6 mm (3.41 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

+0.5% constant to 80 seconds, -3.5% for 50 seconds, and +1%

thereafter(a)

-0.5% constant(a)

a. Relative to run 42514A

K-606



ROI/c LEV

±5 t EiJEI 21 -3 L; .u'0Lt TE. T
4.1.4' Ni33MEN4 201 40

T I ',TI AL I AA ýM lj• rEAý, ýAiu,ýE

CHAN. 14 At. FLOOD I 4 f PE m Uqt: IaE
1, )G F) C G ) (6EG F)

SERIES

TJR4AROJi) ýwENýH

TTP TEMPKEAIURE
(5E1 4D03) t0EG F)

24

24
2D
30
5C

3-
3-
4-
5-

5-

6-6-

6-

6-

6-
7-

5-

A-

4-

4-

6--

6-

6--
7-
7-

7-

7-

7--
7--

3
3
0

7
7
7

3
3

4

4

5

5

7
9

10

13

15
50
55
59

61

56

70

31
53

2E

34
31
43;

0

6
S

7-

53 3-
5C •-

50 9-

5 9-

30 9-

1010-
4810-
5D13-

0

3
6
6

3

3
0
0
0

55
97
)9

I o

103

110

115
117
121
12,

.24

.28

123
134

137

140
141
142

4-,3

145

I 48
155

157
160

163
166

167
169

170

1692.
12 1 t
1 3C 3.
1414.

1476.
15 49.
1 520
1 544

1481.
1552.
I , 64
1476.

I 43.

'517
1bC5.

O . 3.

15:98•
*57'4

1475.

1540.

1 384
1 56.

1464.
1 344.
1 446.
1416

1435.

147?.
1 458

1440.

1176.
1152 .
1345.

12 7?.
1 63 .

067.

ii940.

1118.

975.

1044.
625.
597.
773.

584.
676.
291.

i145.
1254.
130 .
1005.

lo54.
±7 3;.
17 8'.
1765.

1734.

1712.

± 744.

lo18.

i737.

.i 71.

,72o.

1764.
I j66 .
1640.

16 31'.
1593.
io03.
i 2 41.

lo77.
1744.

17 10.

1683.

. ý4 .

17 1D.

15 39.
I 66W .
i474.
i4 77.

14o7.
14 70.
1475.

1461.
.118.
1299.
1187.

878.
1i98.

b 49.

54.
42.
77.

272.

178.

190.
264.
222.

254.
240.
2,5.

2068.

210.

275.

20 b.

256.

2 3.

2785.

13 4.
184.

249.
217.

31 2..

177.
24 1.
242.
Z:)2..

243.
408.

33c.
370.

201.
297.

%41.

.,0)3.
ý7o.

358.
500.

4i 7.
494.

402.
414.

293.

421.
357.

32.0
20.0
35.0
82.0

70.0
42.0
87.0
34.5

101. 0
)7. 0

100.0
111.0

34.5
112.0
128.0

97.0

33.0

97.5
37.0
;9.0

35.0
37.0
73.5
62. 0

52.5
66. 5

73.0

73.0

7 5.0
53.0
51.5

77. 5
115.0
159.0
100.0

,5.5
36. 0

114.0
115.0

) . 5
17.5

128.0
128.0

128.0
177.0
143.0
150.0

161.0
146.0

33.5

824.
877.
980.
834.

8o4.
a09.
246.
848.

920.
865.
903.
670.

928.
414.

1024.

852.
£010.

85,.

959.
569.
736.
74o.

720.
71d.
748.
518.

739,
790.

530.
773.

796.
764.

770.

817.

728.
81£.
594.

7±0.

0o3.

655.
777.
620.

695.

607.
496.
586.

3JENCH
TIME

85. 3
80.9

120.8

241.7

308.6
38L . 7
726.0
382.9

389.8
394. 7
368.6
412.4

397.4
405.8
408.0
390.7

402.5
401.8
412.8
435.6

413.8
414.5
456.0
462.8

457.9
451.9
507.5

520.7

514.6
499.6
494.0

517.o

492.8
550.9
547.0
537.5

553.7
530.3
583.0
546.2

576.0
283.0
552.6
585.0

591.0
330.2
625.0
571.0

534.0
623.0

99.7

2All- 0
4C11- 0
ID11- 6

K-607



RUe 420140 HEAJiE KOO STA311TICAL DAT4

IIITIAý. TEMP (DEG F) MAA TEMP CIEG F) TJR4ARUN0l r±ME (SEC)

rLEV 4AX MIN MEA4 MAX MIN MEAN AX MIIN MEAN
12 646.2 600.9 618.0 646.d o01.5 bi.7 .5 ., .5
24 338.5 818.3 628.7 o39.6 820.9 830.6 1.0 .5 .8
39 12165 1091.8 1137.0 1158.8 1145.3 1189.7 32.5 20.0 28.248 1302.7 1289.1 1295.9 1394.9 138J.2 1387.5 48.5 35.0 41.8
60 1509.0 1389.1 1437.2 1731.9 I31.4 16o4.9 86.0 74.5 80.8
67 1599.3 1475.7 1516.9 1760.9 1o26.7 1681.1 70.0 49.0 56.3
70 1612.8 1434.4 1524.5 1776. lo63.(6 1732.2 84.5 74.0 77.8
71 1592.7 1515.5 1554.2 1776.7 1710.7 1749.0 91.5 72.5 83.3
72 1599.8 1398.1 1532.0 1811.2 1647.2 1759.6 113.0 74.5 86.8
74 1564.1 1426.4 1517.3 1845.1 1673.4 1756.t 99.0 75.0 90.6
75 1573.8 1463.9 1518.2 182o.7 1707.3 1755.1 132.0 87.5 i01.9
75 1600.3 1476.2 1540.8 158.17 1714.0 1797.0 111.0 84.5 96.0
77 1504.6 1461.7 1527.1 18d1.3 1722.9 179o.1 128.0 97.0 104.9
78 1599.3 1468.2 1538.5 1898.3 1759.8 1822.1 115.0 86.0 97.5
94 1478.4 130o.3 1403.5 1699.5 1406.6 1598.7 86.5 50.j 68.7
10 1471.9 1312.5 1400.2 1740.8 1388.6 1622.7 84.5 49.5 71.9
06 1384.4 1152.0 1278.8 1715.1 1455.9 1568.2 159.0 75.0 98.7

102 11i6.2 886.6 1072.5 1499.o 1216.0 1431.1 128.0 75.0 104.3
111 1344.4 867.5 965.4 1475.2 III.1 133%.6 252.0 116.0 147.6
170 397.0 624.6 724.3 1305.8 1118.2 1212.9 1;5.0 130.0 159.5
132 676.2 583.3 614.7 1u97.5 877.9 955.6 161.0 146.0 154.7
138 658.3 291.4 491.0 IU54.2 648.9 859.8 161.0 93.5 143.1

CD TEMP •ISE (UEG F) QJE Ad IEnP tDEG F) QUENCH tIME (NEC)C)

UEV 4AX MIN MEAq MA A I N MEAN AX rI l MEAN
12 1.1 0.0 .4 618.0 588.5 599.3 3.4 3.4 3.4
?4 2.7 1.0 1.9 723.2 b62.7 695.8 27.4 21.9 24.7
39 52.4 42.3 52.7 877.1 815.2 838.6 89.9 80.9 85.4
46 105.8 77.5 91.6 98..6 420.9 953.3 133.8 120.8 127.3
60 271.9 222.9 247.7 942.3 814.6 d63.7 241.8 229.7 237.7
67 178.0 153.0 164.2 972.9 864.3 902.9 310.6 295.d 30j.0
70 230.1 163.7 207.6 i1l1.3 781.6 909.5 353.7 308.7 327.4
71 242.0 117.9 194.8 1028.2 634.3 864.8 359.0 317.8 342.8
72 2?7.1 156.6 227.6 980.8 76;.1 889.1 365.8 320.7 347.4
74 302.5 171.3 239.2 966.6 654.4 823.3 409.0 347.5 380.7
75 284.9 171.3 236.9 952.6 851.3 899.0 397.8 36d.6 387.9
76 296.3 190.0 256.2 942.5 511.7 845.o 420.9 382.7 404.2
77 328.0 233.5 269.0 1023.7 d82.0 945.8 415.4 380.7 402.2
73 338.5 244.6 283.5 1017.5 834.1 905.0 435.6 393.7 416.2
44 265.6 100.3 195.2 783. 0 680.6 728.8 466.0 450.5 458.2
90 322.4 56.1 222.5 830.4 723.4 778.8 520.7 445.0 498.4
96 407.6 248.2 309.4 839.1 674.7 7b4., 553.7 5Z9.8 541.4

102 53C.6 158.2 358.6 750.3 58O.0 634. 596.0 546.2 573.8
1il 500.4 232.6 369.2 733.4 531.1 627.3 504.0 532.4 581.6
120 591.1 390.3 488.7 776.8 422.9 593.1 525.0 330.2 547.1
132 421.3 293.4 340.9 606.7 496.0 536.8 623.0 534.0 580.0
133 395.8 353.4 368.8 5b5.8 431.3 513,3 537.0 99.7 414.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42014E

Test D ate: 12/8/80

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate (stepped)

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.5 psia)

871 0 C (1600 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

142 mm/sec (5.6 in./sec) 5 sec

23 mm/sec (0.89 in./sec) onward

49 0 C (121 0 F)

491 0 C (482 0 C - 4970 C)

[915oF (900°V - 9270F)]

0 mm (0 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

+3% for 90 seconds and -0.5% thereafter(a)

-0.25% constant(a)

a. Relative to run 42514A

K-609



ROD/ELEV

El CCHT ýrASET 21 POD 11'H'LE 7EST SFPIES
RVN NJ)P Pt FIR 4?01 4E

TT'4TtLr#V 6A Y I MI: TEMPFZATIJQF T( ''kAARDUNI3 OUE'J.

CHA4. Nn AT r nr.lrý TF PE RAT ticE R I s TIME TE.¶PREATUPE
(311i 9) ( 1 F G r) : FG ~) (SFCONDS) (DI EG F )

3
3
0
0

7
0
2
4

4

44

Q
10
12
16

1Q
36
30
47

50
52
54
55

5P
5Q
61
63

2E 7-
3A 7-
39 7-
43 7-

5C 7-
1 C Ft-
2 E F -

3D 8-

5 R 8-
55 8-
5C 5-

ID 8-

2C P-
49 8-

5n 8-

4 C Q-

1010-

4910-
5010-

5
5

5

6
6
7
7

v.8

6

0

0

0
15

b
6

6
6

6

6

0
0
C

C

6
6

6
6
6
3

3
0
0

Q9
103
110
111

7 ?
75

93

1176,
1276.
1301.
1511.

1525.
1410.
141A.
146?.

144'.
1573.
1449.
1497.

1477.
147h.
15Z4.
1550.

156,9.
15R0,

1442.

1543.
1446.
1416.
1 4610.

1490.
1407.
1436.
1434.

1235.
T 1 E Q M r

1176.
1449.

1435.
1200.

974.
174P.

1244.
131R.
105A.

061.

11A3.
1154.
1027.

0?4.

1014.
645.
846.
7•0.

565.
667.
304.

1247.
1?89.
1514.
1777.

174C.
16qp.
1792.

1683.

1842.
1764.
17!3.
1707.

1701.
164 .
178q.
1jC4.

1192.
1872.

C n ti P L E 0
1753.

Iq94.
170C.
155?.
147P.

1572.
1637.
1653.
164ý.

14P,.
C 0 1) P L E D

162 l.
I762.

1734.

156-.
1428.
168?.

1545.
1677.
14 5r.
114f.

1630.
3533.
152F.
1440.

1460.
1217.
1269.
1143.

905.
I"C4.
859.

51.
13.

133.
7A 5.

224.
2: 9.Z21,?3P4.
221.

3P37.
261.
304.
2?6.

224.
173.
2t5.
26 4.

322.
•2,2

AT A876*
251.

3'1.

o2,

135,

?11.

020.

313.
279.
'11.

3' 5.
454.
434.

301.
35 9.
40j1.
IR 5.

456.

4319.
51 6.

455.
572.
4?23.
434.

941.
436.
555.

20.1

51.0
78,C

80.5

100.0

96.5
q2.5

iC4.C
96.5

106.0
119.0l

67.5
52.0
05.0

106.0
103.C

0*T*5

99.5
01.5
62.5

2.0

61.5
1•3.c

76.5
70.0

103.0

07.5
Q?.O

Q8.0
l09.C
169.C
106.0

65.0
92.5

109.0
111.0

110.0
1 .,

141.C
135.C

124.0
165.,
154.c
153.C

206.C
147.C
149.(

502.
157.
939.
P71.

882.
233.
763.
849.

236.

669.
1076.

883.

934.
76P.
832.
768.

658.
873.

891.

7J7.
747.
683.

763.
7Vg.
796.
5 4 (.

OUENCH
TIME

(sEcnNDS)

107. 8
q7. 9

136.6
250. q

314.3
6r7.0
3? 5.7
3'4.F

676.0
375.C
363.5
370.5

360.8
4(7.2
308.5
369.7

4C7.4
413.7

400.2

433.0
437.8
417.9
446.6

464.0
446.0
4F5.0

455.9

113
q*6 n

115
1 Pfi

127
1 24
126
120

133
134
135
1136

13R
143
145
115

152
157
164
1 66

16A
160
171

897.

708.
565.

511.
805.
937.

732.
754.

663.

752.
719.
657.
70C.

696.
5916.
6fi ..
712.

529.
514.
s61.

426.5

532. C
471.7

483.1
509.8
4P2.6
516.0

513.9
510.6
543.9
560.9

538.0
527.9
544.1

553.0

548.0
6C01.

')f4 . 3
5C7. 1

476.3
582.0
573.3

2A11- 0
4C11- 0
1011- 6

K-610



FUIN 42014E HFATFF POD ST ATT 5TTCAL VATA

MAY TEMP ('lEG F)INTTIAL TFMP (.)EG F) TIIQNA41UJNJ' T14E ISEC)

H
H-h.J

ELEV
12
24
?9
49
60
57
70
73
74
75
76
77
79
79

34
9,

95

102
111
170

112
139

FLEV

374
19
48
6u
67
70
73
74
75
76
77
78
79
g0
91
52
Q4
QO
36

102
111
120
132
138

M4 Av
693.6
955 ý?

1276.0
1441 .'
1533.3
1500.3
15R5 .7
1463.3
1504.7
1473.0
1541.9
1550.0
1590.3
1566 .3
1543.0
1525.
141)l.?
14Q19.

1504.7
1329.4
1456.0

1101.1

555.5

64P 3

1174.1

1407.6
1517.0
1463.3

144P,0

144P9.
147C .1
1 44P.*9
14'9? .'A

1525,R
14f,1. ?

14C?.R
11 76.4
974.3
757,*1

74,I.1
615.7
471.
?c,& .

I F A k
671.5
Q13.3

1 '0()7. f6
1301.0
1517.'
154o.1
1553.5
1463,3

15C1.4
1461.0'
14 P . 1
14i9.5
1517.7
152P.4

14 A9 .'
1525.F
1461.2
1450.2

136P.7

790.6
552.0
445.C

MAY

Q6C .4
128Q'.1
1557.1
1776-.5
185C.9

1814.6
173e.6
1792.1
1716.3
1504.4
180'.4
1891.5
185F.7
1693.8
1306.3
1774.h
1702.9
1767.6
173L.8
1725.?
1 49,.P
14(7.7
1103.7
859.2

.MEN
652.0
813.0

1196.2
1463.4
1639.5
1677.7
1807.3
1733.6
1792.1
1684.7
1653.?
1634.1
1681.D
1750.8
17C5.1
1Q06.3
1779.9
1478.4
14 P4. 8
1429.0
1090.3
1139.0
1023.3

805.4
857.2

MEAN
S74.1
917.p

1235.3
1511.4
1722.3
1761.8
1111.6
173P.6
1792.1
1704.3
1736.5
1721.5
1771.0
17A F. P
1786.6

1779.l
1594.9
1557.1
1623.9
145P.3
136C.7
123P.2

855.q
95P.2

MAX
1.5
2.0

22.5
53.5

*8.0
80.5
)4.0
92.5

105.0
11C9.0

124.C
1(6.0
1 24.0
102.0

99 .
153.0

I 18.0
169.0
168.C
14P.0
169.,
2C06.0
15 4.C

MIN
1.0
1.0

43.5
54.5

67.5
q2.5
96.5
65.5
82.5
41.5

52.5
82.0
83.0

102.0
99.52 . 5)2.0

70.0
65.0
80.0

121.0
65.5

136.3
14i.0

1.2
1.5

16.3
49.3
69.7
66.1
83.3
92.5
q7.A
85.3

1 -O.b
81.7
9O.9

94.4
1C4.3
10_.0
9;.5

94.P
106.4
117.5
13 v. a
142. 1
16 .. 8
151.5

Tr4P PIFF (r'-- F) OI'E4CH TE4P (3EG F) OPE4.H TI,4L (SIEC)

4AX
3.7
5.2

51.1
132.5
?65.4
272.6
295 .3
275.3
?93.9
267.4
104.?

?64.7
322.0
298.3
350.q

318.6
234.?
443.4
453.7

543.1
5A6.7
436.4
554.7

(IN
2.1
3.7

12.55
110.4
105.'
155.4
72?.l

?75.3
?P7.4
216.6

?(9.R
16 (* 3 .
150.9
222.6
?51.0

15.5

210.6
IC1.5
?fl.l

270.3
274.7
271.7

2.6
4.-

27. F
119.5
208.*8

257.6
278.3
290.6
243.4

472.'

253.3

296.9

144. P

290.6?43.4

387.5

3?2.(

466.9
447? 6

245.9
413.2

MAX
657.7
751.5
Q0P.4
050.9
017.A

i023.3
987.4
951.'
763.'

107P.9
1C7t.9
1159.4
115'.0
1220.6
894.3
813.9
876.6
51?.5
F19 .7
834.7
827.6
70(,.5
R34.P
597.3
562.1

MIN
601.5
726.8
717.Q
885.1
826.2
834.0
914.4
951.A
6t2.4
660.1
666.6
720.3
659.?
R34.9
786.9
813.q
P76 .,6
67?.3
707.8
731.7
652.1
578.7
585.6
529.5
561.0

M e AN
531.4
741.9

427.5
971.5
921.8
347.1

051.9
722.9
965.9
940.P
860.1
575.0
09C.4
951.5
51'.9

976.6
746.5
A14.5
788.3
725.6
655.3

671.?
561.0
r A63.6

MAY
7.5

33.C
107.9
143.6

331.7
350.6
261.6
I85.7
3 f3.1
406.9
407.2
4 1A.5
411.F
437.'
440.6
41i.8
465.9
53 2.G
5P3.9
5 (0.9
577.5
601.0
582.0
573.3

M14
5.0

31.9
8P.4

138.6
241.8
?92.8
334.4
261.6
37'..0
216.8
354.6
296.8
240.6
383.3
411.7
440.6
418.9
417.9
426.5
482.6
417.6
54A . 0
385.7
460.8
567.0

tME A N
5.0

32.3
99.9

1 3.3
246.7
311.7
'42.5
261.6
37?.8
3L2.7
375.5
377.5
385.1
401.4
424. 7
440.6
4183. F
446.2
479.7
507.9
515.4
5 !7 . 2
547.2
511.?
570 . 1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 41914F

Test Date: 6/29/81

Test Type: ForcedReflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

872 0 C (1602 0 F), 2B 1.70 m

(67 in.)

2.55 kw/m (0.777 kw/ft)

143 mm/sec (5.64 in./sec) 5 sec

24 mm/sec (0.95 in./sec) onward

49 0 C (121 0 F)

503 0 C (490 0 C - 508 0 C)
[937 0 F (914oF - 947OF)]

29.0 mm (1.14 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing initial

temperature at

mi dpl ane:

+5.5% for 90 seconds and +1.5% thereafter(a)

-0. 5 %(a)

approximately +4%(a)

a. Relative to run 42514A

K-612



FLcCH. ScASET 21 ROD BULNOLE TEST SPRIFS
RUN NUMBER41914F

ROD/ELEV IINIiAL MAXIMUM TEMPERATURF
CHAN. NU AT FLCUD fEMPERATURE RISE

i[E( .) (UEG F) (DEG F)

TURNAROUND QklchCh

TIME TLMPKAIURi
(SECONDS) )OE( F)

2A 3-
4C 3-
1 4-
2A 5-

24 5-
5C 6-
20 6-
10D 6-

3D 6-
48 6-
50 6-
1D 5-

2A 6-
2D 6-
3B 6-

3C 6-

3E 6-
4C 6-
5C 6-
3D 6-

3C 6-
4A 6-
1C 7-
2B 7-

3D 7-
58 7-
2a 7-
2: 7-

2E 7-
34 7-
38 7-
4B 7-

5C 7-
1C 8-
2E a-
3D 8-

3
3
0
0

7
2
3
4

4
4
4
5

S

7
12

14
33
39
4b

5C
51
5t;
58

59
62
63
69

7C
73
76
85

5
5
5
6

6
6
6
7

8
8
0
0

0
0
6
6

58 8-
5C 8-
IC 8-
1D 8-

2C 8-
43 8-
5D 8-
30 9-

4C 9-
1)10-
4310-
5D10-

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

93
95

loq

10

113
117
12c
121

123
124
125

132
133
136
13b

143
144
145
14t

146
153
155
154;

101
164
lod
lo;

171
172
174

lli•c,
12t8.
13tv.
15 '1.

1535.
1431.
14 it.
1444.

14 It.
1538.
14t4.
143i.

1451.
1510.
154t.
1536.

14tC.
1570.
1521.
15 57.

15 -5.
1421.
1454.
14W2.

1527.
1381.
143E.
1444.

1242.
1436.
1496.
14 l.

1422.
12t4.
1121.
133k.

11.7.
13(3.
1C74.

iti.

110 .
IC 97.

1002.

1Cel,
620.
bs5.
7.!3.

538.

3¢1.

1248.
1295.
1461.
1758.

1642.
lb34.
1596.
1609.

1744.
1621.
1493.
1632.

1625.
1655.
1711.
1778.

1634.
1714.
1652.
1751.

1734.
1633.
1538.
1505.

1542.
1501.
15d5.
1620.

1393.
1529.
1647.
1618.

1607.
1525.
1360.
1616.

1472.
1577.
1331.
1093.

1513.
1507.
1392.
1326.

1422.
1001.
1302.
1102.

1 0.
1058.
d34.

68.
27.
72.

237.

107.
195.
120.
165.

268.
83.
30.

193.

174.1
145.
165.
241.

174.
144.
131.
194.

209.
212.
93.
13.

15.
140.
147.
176.

151.
93.,

151.
157.

185.
261.
239.
280.

275.
273.
257.
132.

332.
322.
295.
324.

361.
381.
407.
349.

274.
363.
534.1

32.5
23.0
47.0
59. 5

37.5
95.5
76.5
93.0

0.0
82.5
80.5
97.5

84.5
83. 5
90.0
98.5

91.5
90.0
91.0
95.0

91.0
95.0
67.0

1.5

1.5
95.5
61.5
70.5

76. 5
70.5
68.5
67.5

94.0
93.0
90.5
93.0

154.0
119.0
96.0
77.0

97.5
92.5
80.5
97.5

97.5
178.0
121.0
117.0

127.0
125.0
149.0

622.
t57.
919.

942.

bb 2.
703
7b3.
co b4.

232.
7ce.
912.

1016.

672.
6b0.

557.
1157.

2t7.
75C.
797.
7b9.

900.
9b3.
Zb4.
722.

712.
t2c.
o45.
a73.

c
4
1.

o41.

77o.

79. C
75•,

702.
0/9.

101.
734.

624.
65 J.

767.
t881.
679.
737.

726.

704.

560.
531.
5o7.

QUENCH
TIME

(SECONDS)

t4. 4
138.15
ZZ2,b

278.6
572.0
326.C
272.3

6t3.C
353.e
307.9
261.8

275.8
336.7
371.,&

337.4

363.L
3t2.C
37o. 9
369.4

359.3
306.4
420.C

" 402.1

4o0. 7
421.C

410.S
426.9
423.C

435.S
456.t

5C2.C
466.C
462. C
445.b

460.7
4d3. C
4tl.2

't 7o. 9

495.5
479.9
519.C
4b7ol

466.C
520.C
5C4.t

2411- 0
4C11- 0
1)11- 6

K-613



RUN 4'914F HEATER ROD STATISTICAL DATA

INITIAL TtmI, tLC F) MAX TEMP (DFG F) TURNAi(JUNC 71ME (SLC)

ELEV
12
24
39
48
60
67
7u
71
72
73
74
75
76
77
76
79
80
81
b4
90
'9 f

102
111

120
132
13u

ELEV
12
24
39
46
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
120
13Z
13d

MA X
727.7
925.6

1268.7
1455.3
1520.7
1602.1
1599.9
1549.1
1447.k
1431.7
1#75.7
1466.2
15 3d . 1
1545.7
1569.5
15oo. 2
1574.'
1491.7
1527.3
1496.2
136c.3
1198.6
1060.9
8919'. * 9
695.5
626.1

MIN
67d.5
s2ý .6

115'ý . I
1343.b
ill51. G
1497 . 3
i362.*6
150J .5
1353.3
1354.5

.L361 So9

1392.3
±439.2
1439.1
1434.t
1421.C
1491.7
1360 . 6
1241.6
1120.6

u74.2
619.7
47v.6
30u . 6

MEAN
7C3. 1
S25.6

1iC2.7
1394.8
1478.2
1S5c.4

145,0.5
1526.3
1400.6
1393.1
1439.6
1437.9
14t7.8
1485.0
1503.4
1±C4.5

1491.7
1462.0
14C7.C
1279.7
1095.7
96d.0
793.7
556.4
509.5

MAX
730.6
929.5

1295.3
1509.5
1757.5
1725.2
1711.6
1675.5
1652.6
1643.9
1678.8
1739.7
1744.1
1718.5
1777.6
1750.8
1784.3
1657.0
1563.6
1657.0
1648,3
1512.8
1421.6
1309.0
105b6. 3
1025.3

MIN
681.5
929.5

1193.1
1390.7
1553.8
1633.0
1432.3
1641.7
1562.5
1604.7
1579.8
1553.8
1483.7
1596.0
1549.5
1606.8
1610.1
1657.0
1474.1
1392.8
1360.3
1005.7
1066.6
1000.6

781.5
630.2

MEAN
706.0
929.5

1?45.6
1454.0
1633.6
1667.6
1559.7
1658.6
1607.5
1624.3
1625.4
1623.9
1613.0
1657.1
1647.0
1682.8
1696.2
1657.0
1521.7
1564.7
1549.1
1349.0
1277.4
1156.7
872.7
896.6

MAX
1.0
1.5

32.5
47.0
50.5
70.5
77.0
78.5
97.5

106.0
98.5

119.0
101.0

97.5
98.5

112.0
95.0
93.5
95.5
94.0

155.0
123.0
121.0
178,0
131.0
149.0

1.0
1. 1

23.0
35.0

31.2
3.5

73.5
e1.5
6 -. !)
7G.0

7t,5

83.0
5C.0

69.0
,,2. 1

1.5
61. :1

71,.0

11i.0
125.0
1211.0

MEAN
1.0

25.3
3o.7

55.2

51.5
76. C
E9.5
9(4.7

S2.t
E3.7
90. 1
63.7
69,7

60,4

73,5
bC.552.b

103,7

103.3
129.5
127,b
137.7

TPP KI1S (UL6 F) QUENCH TEMP (DEG F) OUENCH UIIL (SEC)

MAX
3.0
3.9

66.3
72.2

236.t
135.7
173.4
138.1
209.2
251.2
218.1
281.2
268.4
246 .*
241.4
21t.0
232.1
165.3
140.1
209.1
301.1
332.3
360.7
416.4
362.8
533.8

MIN
2.9
3.9

26.6

102.8
94.6
20.9

i2o.4

212.2
132,2
69.,1
29.6

136.9
60.7

132.9
160.6
165.3

13.5
93.0

239.5

132.5
169 . 9
305.4
273.6
230.4

PEAN
3.0
3.9

42.9
59.3

155.4
111,1
IC5.2
132.3
207.0
231.2
185.6
166.0
145.3
171.3
143.6
178.3
201.0
165.3

5Y.6
157.7
269.4
253.3
3C9.4
3t3.0
316.4
387.1

MAX
697.8
731.8
857.3
921.2
941.1

1004.1
1415.C
1003,3

261.9
284.5
775.7

1456.1
1034.9
1124.1
1157.1
1029.6
982.8
838.6
853.0
968.7
879.3
766.7
778.5
726.1
644.1
5366 7

MIN
639.8
731.8
o21.8
840.9
840.6
869.0
256.5
282,3
247,9
271.6
236.1
231.8
231.8
557.1
286.6
705.9
798.4
638.6
627.8
615.1
560.9
605.9
540.8
621.7
281.3
551.4

MEAN
665.8
731.8
842.5
900.0
886.0
943.0
793.-7
642.8
254.9
278.0
371.8
608.e
625.4
817.6
850.6
P54.9
883.3
838.6
734.'7
827.2
781.3
667.5
666.3
662.7
504.1
574.3

MAX
5.0

30.0
90.9

138.5
234.8
293.8
613.0
574.0
624.0
601.0
646.0
658.0
663.0
459.0
386.7
464.9
398.9
370.9
480.7
492.0
502.0
493.0
519.0
519.0
526.0
535.0

PIN.
4.4

3C.0
o4.4

125).6t
222.8

6,2

3C3.6
60C.0

21t.5
274.7
275,6

274.7
289,7

306.4
37C.9
347.0
360.2
416.6
44'.8

46b.1
301.0
5?4.6

MEAN
4.7

3C.C
E6.C

133.4
230.1
263.2
30c,1
436.t
615•0
5691.5
510.3
441.C
441.3
35C.3
346.7
373.C
364.4
37C.9
396.C
416.8
444.9
470.0
479.b
501.0
444.C
517.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42 907 A

Test Date: 4/2/80

Test Type: Forced Reflood (second repeat)

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

8720 C (1601 0 F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

27.9 mm/sec (1.10 in./sec)

51 0 C (124 0 F)

490 0 C (482 0 C - 4960 C)

[914oF (900oF - 924oF)]

49.0 mm (1.93 in.)

B. Summary Results

C. Comments:

This test was misnumbered; it should be 42915A.

Total power: exponentially increasing to -1.6% by 470 seconds(a)

a. Relative to specified conditions

K-615



V3)/ELEV

24 3- 3
4C 3- 3
1 4- 0
2A 2- 0

2A 5- 7
10 6- 2
20 6- 2
3U 6- 2

5C 6- 2
10 6- 3
48 6- 3
5 D 6- 3

24 6- 4
33 6- 4
3 D6- 6
20 6- 5

3C 6- 5
3E 6- 5
3 6- 6
44 6- 6

FLECHT SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER42907A

TINITIAL MAXIMUM TEMPERATURE TURNAROUND QUENCH
CHAN. NU AT FL0OD TEMPERATURE RISE TIME TLMPREATURE

i0og F) (JEG F) (DEG F) (SECONDS) CUEG F)

9
11
14
17

21
50
53
56

61
b3
08

70
75
79
84

d5
06
95
97

3)

28

6-

7-
7-

0
6
0
0

98101

110
111

30 7- 0
5B 7- 0

23 7- 6
2C 7- 6

2E 7- 6
3A 7- 6
33 7- 6
43 7- 6

115
117
6*8 A u
121

11C4.
11t6l
1319.
1346.

1475.
1439.
1507.
1579.

1520.
14C1.
1543.
1471.

1472.
1566.
15CC.
1522.

1556.
1412.
1535.
1424.

110c.
14t,.
1312.
1372.

1366.
13C1.

12so..

10 7.
1264.

13t0.
1338.

12ý4.
1025.
715.

1531.

1113.
I07,..

84C.
7E9.

1037.
874.
820.

5ý;o

7t2.

5C3.

31d.

1212.
1270.
1490.
1579.

1748.
1810.
1940.
1974.

1811.
1782.
1928.
1840.

1336.
1984.
1967.
1948.

2006.
1867.
1996.
1825.

1649.
1754.
1648.
1627.

1692.
1643.

CaUPLE 0
1707.

1452.
1612.
1758.
1758.

15ol,.
1564.
1151.
1975.

1440.
1485.
1339.
1109.

1416.
1409.
1413.
1342.

1333.
1032.
1159.
1041.

740.
934.
786.

108.
104.
171.
233.1

272.
371.
373.
395.

291.
381.
385.
368.

364.
418.
467.
426.

449.
394o
461.
397.

544..
296.1
336.
254.

3 2 6
d

341.
A T A

417.

355.
348.
398.
420.

347.
539.
436.
444.

377o
411.
500.
320.

475.
371.
534.
522.

433.
433.
396.
353.

237.
345.
467.

28.5
23.0
40.5,
59.5

59.5
79o5
75.5
75.5

56.0
90.5
89.0
87.5

83.5
86.5
86.0
79.5

79.5
82.5
84.5
88.5

105.0
60.0
61.5
33.5

5q.5
90.0

75.5

80.0
84.5
70.0
76.5

82.5
103.0
132.0
83.0

101.0
109.0

83.0
47.0

79.5
59.0

115.0
130.0

108.0
134.0
109.0
121.0

104.0
116.0
144.0

b73.
907.
b78.
60e.

1024.
951.
b875.
9869.

974.
994.
919.
e81.

954.
1004.
'.43.
bo9.

947.
1013.
',22.
lb7.

007.
991.
751.
b92.

744.
bd 8.

o20.

735.
741,.
793.
777.

742.
76b.
674.
'0t.

604.
71 5.
585.
577.

692.
62o.
o01.

b09.

bob.
706.
619.
759.

656.
45,.
286.

QUENCH
TIME

(SECONDS)

87.4
85.4

140.9
216.4

265.7
334.7
332.7
335.7

314.3
345.8
352.b
341.6

355.7
350.7
374.7
361.6

3f2.7
353.E
373.7
364.6

459.4
349.8
410.C
413.2

410. C
403.7

423.C

425.0
444. C
431.C
435.C

415.9
459.7
4ol.0
366.7

451.0
444.0
402.t
467.C

460.C
491.C
493.0
499.0

491.0
437.6
517.C
389.5

264.0
503.6
358.0

5CScIC
ZE

4:

58
5c

1D

z:
4d
5)
3)

7-

6-

6
0
0

0
0
6
6

6
6
6
3

122
123,
124
127

12t
131
133
13c

138
139

142

143
145
148
154

196
Ibi

164
1o7

1o6
170
172

4C 9- 3
1)13- 0
4813- 0
5010- 0

ZAII- 0
4C11- 0
1I11- 6

K-616



RUN 42907A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TEnP tOG i) TURNANUUND TIME (SEC)

a'

ELEV
12
24
39
46
b0
67
70
71
72
74
75
7o
77
7o

8.,
q9'
9b

102
111
120

132
138

12
2",2'./
3,o
4a

60
67
70
71
72
7'4
75
7o
77
7a
84
90
96

102
11i
120
132
136

MA A
541.3
o45 t;

11oo.2

1337.4
1435. t
15o5. 1
1596b 0
i597. J
Io01.i
1563.4
1571.5
1505 . '
1557.5
153,'.6
i400.6
i359.4
1215.1
1037.3

904.S
762.4
506.2
5o,(51

MIN

760.,0

1.066 .4
1235.7
1293 . 1
j403 . 9

14c2. 614bb.3

i43•o .9
1401 .'
1450. C

±35o.3
1415 3
ii 17,t

788.6

)00 .
3±0.2

'25.3
t12 .5

1112.0
18d.9
1350.o
1465 .4
1 51.4
1551.6

153o.0
i515.o
2520.3
1lt15.2
1 4o0.5
1ý1,5.

1 ;15.5
i240.1
1C71.7

099.9
t31.0
e67.2
532.6
477.4

MAX
562.0
596.5

1270.3
1521.4
1664.6
1877.9
1964 . 8
1988.9
1986.6
1978.5
192. 3
2002.7
2006.2
1995.7
1715.1
1757.5
1b98. 6 .
1509.5
1379.2
1196.2
933.6
899.6

MEN
539.6
839.6

I 188.9

1438.7
1525.7
1747.5
1809.0
1805.6
1774.3
1779.8
1782.1
1836.1
1775.4
1754.2
1537.6
1451.6
1150.5
1108.9
1032.5
1031.5
739.9
776.3

MEaN
548.4
865.7

1223.17
1474.1
1578.3
1784.5
1885.(
1898.8
1875.5
1899..
1937.4
1920.4
1908.0
1902.13
1639.3
1640.0
1543.3
1329.8
1224.1
1102.8

803.4
830,0

MAX
8.0

17.0
28.5
51.0
59.5
63.0
77.0
79.5
79.5
87.0
90.5
90.5

105.0
89.5
90.0

114.0
132.0
144.0
130.0
143.0
145.0
144.0

MIN
7.0

1•.5
23.0
4C.0
3C.5

b7.0
62.0
56.5
56.0
76.5

7S.5

33.
7C.0
79.5
35.5
74.5

105.0

104.0
12t.0

MEAN
7.5

16.0
25.0
43.6
47.1
60.8
71.5
73.1
73.2
76.9
82.6
b2.6
b8.2
o2. 6
64.5
86.1

103.2
84.2

103.5
129.6
118.0
135.0

TEMP K.I5& (DEG Fj 3UENCH TEMP (DEG F) OU6.'iCH lIMt (SEC)

2A A
2't. *2
59 b

122 5
211 *

251 *0

3i2,

366.2
391.4
3d5 . 5
397.2
4 20.6
430. e
446.b
4o7.Z

420.2
441 . S
544.2
553.7
521.7
55,.9
345.4
467.5

Ai0m
20.7

104.1
170.'.
197.7
272.2
313.4
312.1
277.2
291.5
36o.5
30o . 0
394.2
29o.4
254.2
347.0
377.3
269.5
313 .
35u.9

237.3
271.2

MEAN
23.1
53.2

111.6
165,5
227.6
2o9.1
333.7
347.2
330.o
3b3.4
391.7
4C0.1
422.8
421.7
323.9
399,9
471.6
4Z9.9
31;3.1
435.5
270.6
352.6

MAX
560.0
8O0,6
907.2

1012.6
865.3

1023.5
954.8

1041.5
1049,0
1058.9
1000.2
1004.1
1013,1
991.2
765.9
855,3
837.6
692.1
780.5
758.9
656.2
635.2

MIN
540.1
753,2
761.3
877.8
775,4
909.1
892.4
877.7
880.9
873.9
880.7
903,7
888,6
900.7
671.0
721.3
674.2
577.0
507.6
287,7
454.2
287.7

MEkN
547.8
758.8
847.2
931,4
808.8
957.2
933.0
946.1
948.6
955.3
938.0
950.6
946.1
950.5
712.5
781.5
763.0
617.0
659.0
600.9
585.4
477.1W

MAX
8.5

32.4
88.8

140.9
219.7
270.6
303.8
313.7
320.6
342.7
352.8
358.7
368.8
379.6
421.0
444.0
481.0
493.0
506.0
517.0
503.6
511.0

MAN
7.,o

2E.7
65.4

121.3
213.6
265.7
294.6
293.7
298.1
314.3
336.6
336.7
353.8
349.6
40C 3.7
415.9

444.0
467.0
4C3.9

264.0
341.0

MEAN
8.4

29.9
87.2

129.9
216.8
268.4
29b.9
3C5.2
311.7
329.5
344.0
350.6
360.6
369.8
411.4
429,5
456.4
480.3
466.4
475.3
353.5
426.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43715A

Test Date: 4/30/80

Test Type: Forced Reflood (third repeat)

Blockage Confiquration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.5 psia)

8720 C (1601 0 F), 3C 1.83 m

(72 in.)

2.6 kw/m (0.78 kw/ft)

29.0 mm/sec (1.14 in./sec)

52 0 C (125 0 F)

534 0 C (527 0 C - 538 0 C)
[9°94F (980°F - 10O0°F)]

29.5 mm (1.16 in.)

B. Summary Results

C. Comments:

Total power: less than *0.4% variation(a)

a. Relative to specified conditions

K-618



RODIE LEV

FLECHT SEASEr 21 RjJ dUNDLE rEsT
Rul NULJrEA43715A

IINITIAL MAXIhJM rEMPEKAIUkE
CHAN. NO AT FLOOD TEIPERAIURE iAE

(DEG F) (DEG F) (uEG F)

SERIES

TURIAROJ4) QUENCH
TImc TEmPREATURE
(SE4D;) (DEG F)

2A
43

2A

24
1D

20
3D

5C
10
49
50

2A
38
3D
20

3C
3 E
3C
4A

3D
5C
IC
28

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-

6-8-

6-
7-
7-

3
3
0
0

7
2
2

3
3
3

4
4
6
5

5
5
6
6

0
6
0
0

0
0
6
6

6
6
6
6

6
0
0

6

0
0
6
6

6
6
6
3

9
11

14
17

21
50
53
58

61
63
68
69

70
75
79
84

85
86
95
97

98
**B A

110
111

115
117

* BAD

121

3D 7-
51 7-
28 7-
2C 7-

7 r 7-
34 7-
33 7-
43 7-

5C 7-
1 C 3-
2E 8-
4C 6-

53 8-
5 8-
IC 3-
10 8-

2C 8-
48 8-
5D 8-
3D 9-

4C 9-
1D10-
4310-
5D10-

1112.
1189.
1316.
1363.

1474.
1450.
1565.
1585.

1492.
1440.
1535.
1457.

1444.
1571.
1537.
1554.

1 578.
1476.
1560.
1417.

1272.
T H E R M 0

1421.
1439.

1474.
1340.

T H E R M 3
1440.

1334.
1336.
1453.
1419.

1299.
1236.

718.
1543.

1211.
1156.
1067.

932.

1121.
1141.
1040.

959.

1030.
585.
865.
732.

562.
676.
343.

1253.
1297.
1491.
1601.

1750.
17U4.
1922.
1969.

1777.
1770.
1898.
1793.

1777.
1972.
1960.
1942.

2012.
1641.
1992.
1801.

I)90.
COUPLE U A

1684.
1659.

141.
109.
175.
238.

276.
338.
35 7.
384.

284.
330.
364.
336.

333.
401.
423.
388.

434.
364.
432.
384.

417.
r A

2b7.
220.

122
123
124
127

128
131
133
136

138
139
141

142

143
145
148
154

156
161
164
167

168
170
172

1725.
163J.

C J U L E U
1760.

1616.
1649.
1784.
17d5.

1605.
1633.
1249.
1965.

1581.
1518.
1426.
1215.

1477.
1468.
1442.
1406.

1388.
1095.
1210.
1146.

776.
980.
825.

251.
289.

ArAA
320.

281.
313.
331.
367.

306.
397.
531.
422.

370.
3o2.
3> 8.
283.

356.
327.

446.

3) 7.
510.
344.
414.

214.
304.
482.

26.0
22.5
4 3.D
45.0

73.5
74.5
71.0
83.0

57. 0
39.5
83.5
53.0

107.0
80.5
86.0
84.0

84.0
84.0
86.5

105.0

33.0

49.0
32.0

45.5
32.0

52.0

64.5
73.5
52.5
77.5

74.:5
84.5

118.0
83.0

82.5
83.5
72.0
111.0

53.0
46.5

114.0
137.0

83.0
147.0

85.0
136.0

105.0
136.0
152.0

810.
852.
876.
821.

1025.
975.
880.
978.

958.
989.
917.
884.

890.
1016.

941.
954.

958.
903.
950.
957.

807.

727.
707.

7o6.
771.

827.

825.
728.
765.
764.

730.
752.
637.
998.

754.
079.
565.
596.

681.
623.
579.
652.

692.
688.
578.
655.

665.
494.
288.

414.3
401.0

432.0

419.3
452.5
440.4
440.0

428.0
468.2
469.0
365.8

449.6
455.0
489.0
467.5

476.0
497.0
501.0
502.0

487.0
477.0
519.1
482.7

300.0
493.0
329.0

QUENCH
TIME

(SEC314DS}

89.6
87.4

141.9
216.8

270.7
331.8
331.6
338.7

319.4
342.6
349.8
351.7

357.8
354.6
377.8

357.7

363.8
368.7
373.5
373.6

465.0

423.0
404.0

3
0
0
0

2411- 0
4C11- 0
I011- 6

K-619



RUN 43715A HEAiEi KJ&) STATISTI;AL DkT%

MAX TEMP (DEG F)INITIAL TEMP (DEG F) T7RNAROUNO lIME (SEC)

ELEV/
12
24

48
60
67
73
71
72
74
75
76
77
78
R4
93
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
96

102
111
120
132
18

4AX
59E.2
872.2

1188.8
1336.4
1466.7
1575.6
1599.7
1597.5
1600.8
1585.3
1581.3
1579.1
1577.8
156(.4
1474.2
1452.8
1323.8
1141.0
1119.4
865.3
675.8
537.9

MIN
548.8
772.8

1086.7
1234.7
1320.3
1469.9
1476.4
1465.6
1448.2
1450.3
1439.9
1439.6
1425.2
1417.4

1267.3
1298.6
718.0
931.7
886.7
585.0
487.8
343.0

MEAN
563.3
821.0

1129.1
1285.7
1375.6
1501.1
1539.4
1537.4
1533.3
1528.9
1520.5
1520.4
1506.8
1498.7
1397.2
1377.8
1179.6
1057.1
976.3
726.1
573.6
501.0

MAX
60).7
920.2

1297.4
1524.6
1662.5
1892.6
1972.8
1992 . 3
1q90. 0
1982.0
1993.4
2006.2
2012.0
1992. 3
1738.6
1785.4
1722.9
1520. 3
1435.5
1258.8
980.0
952.2

MLN
572.7
834.4

1223.3
1433.4
1570.0
1749.7
1779.8
0762.0
1749.7
1738.6
1769.8
177o.5
1773.1
1801.0
1538.7
1563.6
1249.4
1215. C
1173.3
1095.4
776.3
815.8

ME AN
584.9
873.7

1257.7
1473.8
1603.7
1799.1
1871.4
1876.7
1870.b
1881.3
1888.9
1897.6
1893.2
1903.3
1659.2
1690.4
1588.0
1407.6
1299.3
1173.1
843.1
875.7

4AX
7.5

17.0
27.0
52.0
63.5
73.5
75.5
8D.5
83.0
84.0
89.5

107.0
113.0
106.0

82.0
77.5

118.0
114.0
107.0
156.0
135.0
152.0

MIN
7.0

14.0
2.5
41.0
31.0
58.0
65.0
68.5
!5.0
57.0
83.0
80.5
84.0
83.0
32.0
38.0
75.0
42.5
67.0
84.5

105.0
109.0

MEAN
7.4

15.8
25.2
44.6
43.0
65.9
70.8
72.8
73.4
76.5
84.4
88.2
90.2
91.6
54.7
64.6
86.2
78.1
81.8

121.1
115.0
130.6

TEMP RISE (OEG F) QUEjjH TEMP (DEG F) QJENCH TIME (SEC)

MAX
23.9
61..6

140.6
211.5
260.6
317.0
373.1
394.8
389.2
396.7
412.1
427.0
434.2
431.9
289.4
36 (.6
531.4
405.7
446.3
593.7
323.8
482.1

MIN
17.5
47.0

108.6
175.1
195.8
275.8
303.4
296.4
264.8
283.7
329.9
331.4
347.9
374.3
220.3
254.8
362.4
280.3
249.3
322.6
214.0
271.3

MEAN
21.7
52.7

128.6
188.2
228.1
298.0
331.9
339.3
337.3
352.4
368.4
377.2
386.5
404.7
262.0
312.6
408.4
350.5
322.9
447.0
269.5
374.7

MAX
598.4
804.3
852.0

1004.3
821.2

1024. o
967.2

1029.1
1053.8

991.8
1009.3
1016.0
983.5
997.9
770.9
849.0
813.9
b85.0
762.0
687.9
680.1
585. 4

MIN
562.2
746.1
787.9
855.7
769.3
964.4
913.6
870.1
853.8
380.4
884.4
889.6
878.6
908 .*5
654.2
728.5
637.3
565.2
480.7
!22 . 7
493.8
285.6

MEAN
576.8
770.0
816.6
918.8
800.9
982.6
940.3
936.4
933.5
945.9
941.1
947.8
944.6
949.7
724.5
785.1
746.8
607.3
639.2
632.7
616.9
434.4

4AX
10.0
35.0
89.9

141.9
?23.7
274.8
338.8
317.9
328.5
343.8
351.7
357.9
369.2
377.8
423.0
452.5
469.0
501.0
514.0
520.0
493.0
517.0

MIN
9.5

30.3
87.4

122.9
209.0
270.7
295.8
303.6
303.5
319.4
342.6
336.7
357.7
365.8
399.0
419.3
449.b
467.5
411.7
407.4
300.0
329.0

MEAN
9.7

32.0
89.0

130.4
215.1
273.0
301.2
308.9
316.4
333.1
346.9
351.4
364.1
373.3
412.3
437.0
461.8
484.3
472.6
486.5
371.1
426.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42415B

Test Date: 6/21/80

Test Type: Forced Reflood

Blockage Configuration:

(second repeat)

9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.7 psia)

875 0 C (1608°F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

49 0 C (120 0 F)

531 0 C (524 0 C - 536 0 C)

[988oF (975 0F - 996OF)]

35.43 mm (1.395 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Housing

temperature

at midplane:

+0. 5%(a)

approximately 0% increasing to -1.0% by 250 seconds(a)

a. Relative to run 42915B

K-621



RODIELEV

2A 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

FLECHT ýEA.EI 21 RJJ dUNDLE TEýf
KUN NUOMSEA42415B

TINITIAL MAAdiUN TEMPERATURE
CHA4. HO &T FLOOD TEMPERAIuKE ,1[E

(DEG F) (DEG F) tuEG F)

2A 5-
10 6-
20 6-
3D 6-

5C 6-
10 6-
48 6-
50 6-

2A 6-
20 6-
38 6-
3C 6-

3E 6-
3C 6-
30 6-
4A 6-

4C 6-
5C 6-
iC 7-
25 7-

30 7-
5B 7-
2B 7-
2C 7-

2E 7-
3A 7-
38 7-
49 7-

5C 7-
iC 8-
2E 8-
3D 8-

58 8-
5c 8-
1C 8-
10 8-

2C 8-
48 8-
5D 8-
30 9-

4C 9-
1010-
4810-
5010-

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
11

14
17

21
50
53
58

61
63
b8
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

1057.
1198.
1303.
1349.

1482.
1441.
1513.
1554.

1494.
1447.
1540.
1428.

1432.
1531.
1564.
1595.

1475.
1569.
1533.
1423.

1544.
1457.
1406.
1431.

1475.
1347.
1393.
1405.

1238.
1377.
1420.
1429.

1392.
1155.

870.
1226.

1148.
1269.

974.
778.

1059.
1156.
1014.

897.

985.
605.
864.
693.

554.
T HE RMO

303.

1192.
1311.
1451.
1608.

1780.
1739.
1849.
lb67.

1b 00.
1749.
1155.
1797.

1762.
1872.
1909.
1953.

1808.
1968.
1942.
186 0.

1951.
1804.
1668.
1683.

1756.
1641.
17 52.
1787.

I 571.
1731.
1807.
1801.

176,.
1616.
1392.
1722.

1590.
1706.
1400.
116j.

1499.
1652.
1381.
1348.

139u.
1139.
1242.
1056.

739.
C U P L E a

b814.

135.
113.
148.
259.

298.
298.
33b.
313.

306.
302.
315.
369.

330.
341.
344.
358.

333.
399.
408.
387.

407.
347.
262.
252.

283.
294.
359.
381.

333.
-454.
387.
372.

373.
4(1.

496.

441.
437.
426.
387.

440.
496.
367.
450.

405.
534.
378.
363.

Id5.
A T A

510.

SERrES

rORiAkOJ4)

(SE:J'4O•)

?8.5
25.5
33.6
77.0

82.5
96.0
89.0
92.0

88.5
90.0
97.0

125.0

93.5
89.0
88.0
93.5

76. 0
91.0
?0. 5

113.0

?1. 0
98.5
76.5
38.5

73.0
112.0

83.0
80.0

53.0
99.0
90.0

112.0

111.0
96.0
75.0
96.0

116.0
113.0

91.10
88.0

88.0
112.0
58.0

118.0

C5.0
132. 6
124.0
127.0

88.5

175.0

QUENCH
TEMPREATUKE

(DEG F)

805.
848.
836.

796.

916.
91d.
754.

924.

1011.
8d5.
893.
d35.

847.
924.

923.

962.

d93.

961.

850.

918.
980.
702.
740.

781.
o93.
809.
704.

o50
810.

793.

842.
749.
596.
840.

026.
786.
oi5.
049.

650.

724.
,60.
698.

661.
651.

623.
756.

602.

279.

jJE NC H
TI .1

(SEZONDS)

94.9
91.9

135.2
221.9

280.6
341.6
356.0
342.9

333.8
319.8
3b3.5
395.8

368.8
370.9
369.7
370.7

377.7
380.8
376.8
391.8

382.7
372.7
429.0
427.0

415.0
441.4
454.9
456.8

465.9
444.8
450.2
454.0

445.*8
4d0.1
48 1.0

462.9

4a83.7
475.8

490.7

508.0
504.0
518.0
500• 0

510.5
526.9
539.0

456.0

)26.0

2A11- 0
4C1l- 0
1011- 6

168
B# A 3
172

K-622



RUN 42415B HEATER FWjG STATISTICAL DATA

MAX rEMP (OEG F)INITIAL rEMP (OEG F) TJRk4AK0ND fiaE (SEC)

ELEV
12
24
39
48
60
67
73
71
72
74
75
76
77
78
84
go
96

102
Ill
1?0
132
138

ELEV
12
24
?9
48
60
67
70
71
72
74
75
76
77
79
84
90
96

102
111
120
132
138

IAX MIN MEAN
622.3 555.4 578.9
857,9 780.2 809.7

1198.2 1056.6 1105.3
1359.8 1255.6 1294.9
1457.1 1313.9 1368.4
1574.4 1468.2 1503.8
1508.0 1488.5 1543.8
1594.5 1425.3 1513.9
1484.2 1427.5 1462.7
1557.1 1440.8 1507.0
1530.7 1427.9 1518.4
1500.4 1432.2 1512.5
1595.0 1394.8 1506.7
1569.0 1401.8 1482.8
1474.8 1327.3 1407.3
1429.2 1238.5 1360.9
1280.2 370.2 1183.1
1155.8 778.3 1005.2
988.1 682.5 893.6
863.7 605.0 716.8
553.8 500.3 530.5
631.1 303.4 470.1

MAX AIN MEAN
638.3 578.0 599.5
909.9 832.3 862.8

1311.0 119Z.0 1233.0
1544.1 1424.8 1475.0
1883.2 1567.9 1607.5
1879.1 1775.4 1606.3
1949.9 178do.8 1871.1
1952.2 1725.2 1844.6
1795.6 1719.o 1768.Z
1905.1 1738.6 1831.1
1914.3 1748.6 1841.4
1921.2 1762.0 1647.,L
1953.3 1735.6 1862.o
1968.Z 1751.9 1868.6
17,7.5 1599.2 1685.5
1606.7 1571.1 1727.3
1754.2 1391.8 1639.2
1651.6 L165.0 1422.4
1389.7 1310.9 1262.2
1278.6 1350.2 1157.9

811.b 710.8 753.8
931.5 781.5 855.0

3UEAiC rEAP WOEG FJ

IAX
8.0

15.5
28.5
44.5
81.0
82.5

96.0
99.0

107.0
125.0
115.0
112.0
118.0
112.0
139.0
1 ?.0
112.0
171.0
13 ?2 .0
143.0
175.0

7.0
13.3
24.5
33.j

76.0)
76.*0
76.5
83.0

90.)

88.5
90.u

63.0
72.0

52.0
7j.0
90.0

118.0

MEAN
7.6

14.0
26.:
39.4
59.8
78.9
85.0
87.4
89.5
91.3
96.4
94.1
95.2
98.4
75.2
41.0
9 .,8
84.8

107.3
140.Z
112.2
147.b

TEMP RISE (OEG F) OJEACH f.ME (jEC)

MAX
22.6
61.4

135.5
218.7
259.2
322.8
341.9
357.7
320.1
388.6
368.7
35 2. 2
389.9
415.9
326.7
389.7
523.6
495.8
450.3
557.6
311. 3
510.3

16.0
47.2

112.8
147.9
217.2
285.1
291.3
299.9
292.1
285.6
290.6
302.0
333.0
346.9
251.9
332.6
386.3
367.4
276.3
312.1
173.5
266.4

ME AN
20.6
53.2

127.7
180.0
239.1
302.5
327.3
330.9
305.5
324.2
323.0
334.6
356.1
385.8
278.2
366.4
456.1
417.2

368.7
441.2
223.3
384.9

MAA
610.9
752.2
8647.5
981.2
o91. 7
951.7

1003.4
1035.3

955.1
1130.4
1015.2
1025.d

961.6
979.8
752.5
859* 4
839.5
723.5
735.0
756.3
695. 6
562.0

AIN
271.1
707.8
791.9
836.1
736.5
.?316.* 1
378.6
861 .0
818.0
669.5
834.7
847.2
837.0
810.7
676.1
o50.4
596.2
500.0
560.0
600.5
594.2
?79.1

ME A-4
584.4
727.2
814.3
904.5
823.9
940.8
929.5
958.1
883.6
904.9
912.5
931.3
900.6
906. C>
728.2
776.7
747.4
b29.9
639.0
645.4
630.5
484.4

I .O

37.4

136.8
227.6

197. 7
313.1
351.7
335.9
353. 5
395.8
374.7
350.3
395.8
442.7
472 . 0
488. 4
518.0
533.0
545.0
456.0
547.0

MI i'
10.4
35.3

91.9
131.0
21s .6

271.6
296.5
304.7

332.7
319.8
351.7
370.0
372 . 7
414.5
440.0
462.9
490.7
470.9
466.8
102.5
380.9

ME Ai
11.1
36.3
44.d

134.9

223.0
280 . (t
307.3
321.1
326.4
347.3
360.3
365.2
376u0
385.1
428.3
452.9
477.1
,06.2

)08 . 9
528 . 4
329.6
502. I



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42915B

Test Date: 6/24/80

Test Type: Forced Reflood

Blockage Configuration:

(third repeat)

9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

875 0 C (1608 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

50 0 C (122 0 F)

529 0 C (520 0 C - 533 0C)

[985OF (968oF - 992OF)]

39.1 mm (1.54 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Housing

temperature

at midplane:

approximately -1.5%(a)

-1% linearly increasing to approximately +5% by 250 seconds(a)

a. Relative to run 41907B

K-624



RODIELEV

2A 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

FLECHT SEASET 21 ROD BUNDLE TEST SERIES
RUN NUMBER42915B

TIIITIAL MAXIMUM TEMPERATURE TURNAROUND QUENCH
CHAN.i NO AT FLOOD TEMPERATURE RISE TIME TENPREATURE

(DEG F) (DEG F) (DEG F) (SECONDS) (DEG F)

2A
10
2D
30

sc
10
45
50

2A
2D
35
3C

3E
3C
30
4A

4C
sc
1C
2B

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-

7-
7-

2
2
2

2
3
3
3

4
4
4

S

6
6
6

6
6
0
0

0
0
6
6

9
11
14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

30 7-
55 7-
28 7-
2C 7-

26 7-
3 A 7-
3B 7-
48 7-

5C ?-SC 7-
IC a-
ZE 8-
30 8-

5B 8-
Sc 8-

IC 8-
10 8-

2C 8-
45 8-
50 6-
30 9-

4C 9-
1010-
4810-
5D10-

1075.
1217.
1300.
1370.

1483.
1424.
1509.
1552.

1485.
1436.
1530.
1421.

1446.
1530.
1563o
1599.

1470.
1580.
1344.
V430.

1552.

1460.
1"431.
1470.

1497.
1369.
1454.
1471.

1z88.
1422.
1471.
1464.

1413.
1286.
1172.
1337.

1194.
1309.
1054.

806.

1143.
1227.
1,090.

985.

1066.
579.
921.
732.

5820
THE R M 0

281.

1212,
1315.
1448.
1625.

1790.
1740.
1844.
1856.

1801.
1751.
1847.
1802.

1762.
1870.
1909.
1942.

1798.
1966.
1938.
1800.

1946.
1809.
1681.
1690.

1752.
1634.
1774.
1804.

1572.
1737.
1817.
1798.

1753.
1665.
1526.
1759.

1599.
1707.
1437.
1261.

1525.
1645.
1429.
1425.

1438.
1118.
12759
1142.

802.
C 0 U P L E D

849o

137.
98.

149.
255.

306.
315.
335.
304.

316.
315.
317.
3810

316.
340.
345.
343.

328.
386.
395o
370.

394o
349o
250.
220.

255.
265.
320.
334.

294.
316.
346.
334.

340.
378.
354.
422.

405.
398.
392.
455.

382.
418.
339.
439.

372.
539.
353.
410.

220.
A T A8

568o

31.5
25.0
32.0
59.0

86.5
78.0
87.0
86.5

87.0
87.0
87.0

122.0

93.0
79.5
86.5
87.0

89.5
89.0
87.0
96.0

96.0
109.c
56.5
35.5

38.0
75.0
80.0
72.5

57.5
83.0
74.5
74.5

86.5
85.5
65.0
96.5

117.0
115.0
80.0
5405

77.0
87.0
66.5

117.0

89.5
151.0

97.5
124.0

116.0

166.0

765.
866.
811.

794.

938.
911.
693.
878.

983.
863.
874.
848.

824.
848.
917.
884.

894.
930.
947.
818.

961.
951.
724.
775.

817.
744.
818.
775.

665.
799.
844.
810.

887.
742.
685o
854.

683.
786.
607.
627.

648.
730.
617.
693.

662.
633.
634.
745o

637.

498.

QUENCH
TIME

(SECONDS)

98.4
q5.4

141.0
228.9

291.6
354.7
380.1
350.5

347.0
331.3
369.7
4C3,7

381.8
391.6
378.9
385.6

391.8
395.7
384.6
4C2.6

391.8
386.7
442.9
437.0

422.0
449.0
472.7
477.9

485.5
469.6
466.9
471.2

468.9
505 * 8
498.0
483.9

512.3
504.9
530.0
519.0

531.0
522.9
525.8
522.0

532.0
550.0
554.0
477.0

469.0

539.9

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

168
172AD
172

K-625



RUN 42915B HEATER .00 STATISTICAL DATA

o',

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
76
84
90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
76
64
90
96

102
111
120
132
138

INITIAL TEMP (DEG F)

MAX HMi MEAN
63864 577.0 600.3
896.1 804.0 8380.8

1216.7 1075.0 1124.4
1361.1 1248.1 1295.3
1474.4 13380.1 1385.8
1577o4 1470.1 1503.6
1607.7 148662 1539.7
1594.7 1410.1 1504.3
1474.8 1411.6 1457.0
1554.1 1424.5 1501.1
1569.3 1421.3 1512.2
1600.1 1443.3 1512.1
1599.0 1386.7 1503.9
1580*0 1422.3 1491.1
1501.6 1356.9 1430.9
1470.7 1287.7 1409.0
1352.2 1172.0 1285.5
1226.7 806.2 1076.9
106507 660.2 968.5
921.4 579.3 750.4
607.4 484.0 557.1
696.3 280.8 474.6

TEMP RISE (DEG F)

MAX "IN MEAN
20.2 14.7 17.8
60.4 42.3 49.6

142.9 98.5 128.7
204.1 148.6 178.6
255.4 21100 229.1
327.6 274.1 303.3
346.5 312.9 333.6
354.0 316.9 333.2
337.5 295.7 315.9
380.5 293.0 325.8
380.9 283.0 325.6
355.0 314.2 330.6
360.8 327.6 352.0
401.0 335.0 373.0
306.3 219.6 254.9
340.7 284.5 324.3
432.0 353.7 395.0
454.7 336.6 384.9
574.6 246.1 360.6
592.2 353.1 461.9
347.3 190.8 252.8
56861 267.2 422.0

MAX TEMP (DEG F)

MAX MIN MEAN
653.1 597.2 61800
941.8 857.2 888.4

1315.2 1211.8 1253.1
1550.6 1420.5 1473.9
1685.4 1564.6 1614.9
1882.5 1757.5 1506.9
1949.9 1804.4 1873.3
1948.7 1729.6 1837.5
1812.3 1707.3 1772.9
1900.6 1739.7 1926.8
1910.9 1750.8 1837.8
1914.3 1762.0 1942.6
1946.4 1735.2 1856.0
1965.9 1762.0 1864.1
1753.1 1586.3 1685.8
1816.9 1572.2 1733.3
1765.3 15250. 1680.5
1645.0 1260.9 1461.9
1437.7 1205.6 1329.1
1311.0 1118.2 1212.3

831.3 798.2 010.6
984.1 808.5 896.6

QUENCH TEMP (DEG F)

MAX MIN MEAN
626.1 590.9 503.7
763.1 713.2 736.4
865.6 764.6 905.7
9380.2 810.7 880.1
864.7 764.3 903.5
957.4 871.5 922.1
993.3 889.7 944.5

1006.7 870.9 953.2
930.4 841.9 890.6

1126.0 692.5 577.7
934.9 837.4 88507

1011.5 823.7 907.1
937.0 823.6 884.5
961.1 818.2 895.0
817.1 707.0 754.6
887.5 665.5 796.7
854.5 682.5 761.1
730.3 588.8 529.1
745.1 562.1 644.5
745.1 611.0 538.0
689.2 599.6 642.0
539.6 468.6 500.7

MAX
7.0

15.0
31.5
53.0
59.0
86.5
93.0
96.0
95.0
95.0

122.0
96.5
96.5

109.0
87.0
89.5

117.0
115.0
170.0
163.0
156.0
166.0

MIN
7.0

12.5
25.0
32.0
35.5
57.5
74.5
74.5
770.5

78.0
79.5
79.5
79.5
76.5
35.5
48.5
65.0
54.5
51.0
97.5
85.0

117.0

MEAN
7.0

14.0
27.9
40.1
46.9
72.4
80.4
82.6
84.4
88.1

88.8
86.8
90.5
61.5
75.5
95.1
80.8
92.2

130.1
119.0
141.6

TURNAROUND TIME (SEC)

QUE4CH TIME (SEC)

MAX M14 MEAN
11.5 10.0 10.7
39.5 36.9 30.3

100.9 95.4 98.4
142.9 137.4 140.9
238.8 228.8 231.8
300.8 281.7 291.4
320.7 308.8 317.5
365.8 317.7 332.8
347.8 328.5 338.1
380.1 343.2 360.1
403.7 331.3 372.8
391.6 365.7 378.2
399.9 381.8 388.9
408.6 384.6 3-c7.7
454.6 422.0 439.3
492.8 457.8 473.5
512.3 483.9 500.4
539.0 519.0 528.1
549.0 481.0 526.6
565.0 477.0 547.5
469.0 273.2 399.7
569.0 377.7 519.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42715C

Test D ate: 8/27/80

Test Type: Forced Reflood

Blockage Configuration:

(second repeat)

21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.275 MPa (39.9 psia)

874 0 C (1606 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

49 0 C (121OF)

503 0C (491 0 C - 511 0 C)

[938oF (916oF - 951oF)]

36.1 mm (1.42 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing

temperat ure

at midplane:

-5% for 20 seconds, +3.5% to 50 seconds, +0.5% to 150 seconds,

+3% to 175 seconds, and +1% thereafter(a)

+0.5% linearly increasing to +,%(a)

-2% linearly increasing to -5% by 250 seconds(a)

a. Relative to run 43315C

K-627



RODIELEV

FLECHr SEASET 21 AJJ 8UNULE TE3T SERIES
Ku. NJMdEA'2715C

T14ITIAL 4AXIMU3 (EMPERATURE TURIAROJ43 QUENCH
CHAI. NO AT FLO0) TE40ERATURM 41SE TIME TEMPREATJRE

(DEG F) (OEG r) (JEG F) (SE:0,4DS) (DEG F)

4C
IC
2A

24

10
20
30

4B
5C
1D
50

2A
38
2D
3C

3E
3C
30
4A

4C
5C
iC
28

31
58
28
2C

2E
3A
38
48

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
0

7
2
2
2

2
2
3
3

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
7-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

4
4
5
5

5
6
6
6

6
6
0
0

9
11

14
17

21
50
53
58

60
61
63
69

70
75
84
85

85
95
96
97

98
101
110
111

115
117
120
121

122
J23

124
127

128
131
133
136

138
139
141
142

0
0
6
6

1072.
1236.
1350.
1390.

1 506.
1476.
1497.
1556.

1565.
1471.
1463.
1483.

1465.
1574.
1548.
1593.

1527.
1576.
1551.
1465.

1574.
1544.
1428.
1438.

1459.
1357.
1428.
1444.

1292.
1410.
1441.
1431,

1414.
1237.
1000.
1294.

1197.
1336.
1035.

773.

THE RM3
1154.
1058.

924.

1030.
586.
887.
720.

573 .
680.
321 .

1222.
1361.
1525.
1656.

1798.
1704.
174d.

1761.

1792.
1780.
1717.
1721.

1736.
1833.
1837.
1901.

1753.
1914.
1685.
1770.

1903.
1787.
1664.
ibdl.

1721.
1590.
1730.
1777.

1566.
1703.
i75 .
1748.

1094.
1621.
1j00.
1713.

1542.
I1,b1.
1440.
1249.

C U P L E u A r
1457.
14Z4.
1398.

1358.
1061.
1228.
1142.

788.
984.
d23.

15 1.
125.
175.
266.

292.
228.
250.
205.

227.
309.
254.
23 7.

271.
258.
289.
307.

226.
338.
334.

304.

329.
243.
236.
243.

262.
233.
302.
332.

274.
293.
314.
317.

281.
384.
501.
419.

345.
326.
405.
477.

303.
365.
474.

328.
475.
341.
422.

215.
304.
502.

39.0
27.5
40.0
56.0

62.0
55.5
80.5
30.0

43.,0
89.0
78.5
45.5

58.5
48.5
79.0
59.5

78.5
77.5
80.0
57.0

79.5
42.0
40.0
29.0

36.5
41.0
53.0
57.0

48. 5
53.5
54.5
51.5

53.0
89.5
31.0
86.5

? 2.0
79.5
88.5

112.0

43.0
•;2.0

115.0

57. 5
163.0

38.5
138.0

93.0
43.0

152.0

813.
846.
878.
881.

970.
976.
636.
751.

927.
1156.
987.

1009.

1118.
904.
856.
976.

963.
933.
882.
950.

958.
947.
744.
714.

696.
768.
832.
512.

741.
770.
795.
770.

794.
722.
736.
788.

730.
78o.
587.
606.

612.

624.
614.

611.
722.
600.
631.

620.
447.
575.

4jENCH
TIME

(SECONDS)

86.7
96.8

146.6
218.7

277.7
340.7
367.9
363.0

354.3
324.6
350.3
353.7

283.5
359.8
383.7
366.9

365.7
377.7
392.4
362.7

383.8
375.9
421.6
419.4

431.4.
418.2
450.9
463.9

450.9
447.5
455.0
463.0

442.9
490.0
478.9
486.5

473.0
470.9
512.1
492.0

523.0
513.8
524.0

518.4
446.1
550.9
455.6

375.1
538.0
426.0

6
6
6
6

5C 7- 6
I•c 8- 0
2E 8- 0
3D 8- 0

58 8-

5C 8-

2C 9-
48 8-
5D 8-
3D 9-

4C I-
1011-
4813-
5010-

0
0
6
6

6
6
6
3

B A 3
145
148
154

3
0
0
0

2A11- 0
4CI11- 0
1011- 6

156
161
164
167

168
170
172

K-628



RUN 
4 2

7151. HEArEc RAjO DfAfITfl.AL )MT&

.•X T ,AP (UEG F)1I1TIAL TEMP (DEG F) TJR4AKOUN3 TIME (SEC)

I'

'.0

FLEV
12
;4

39
48
to
(7

71
72

75
75
77
08

94
90
C6

112
111
1 20
1 '-2
138

ELEV
12
24

39
48
60

70

74
75

76
r7

78
94
o0

76
102
111
170
132
133

IAX
673.0
838. 2

1236.4
1379.1
1400.2
1606.3
15o0.5
1547. 3
1509.0
157;.8
1598. 1
1500.3
1593. 3
1576.0
1475. 1
1444.1
1345.1
1154.1
1050.6

899.1
5630.4
656.7

MIN
588.7
795.5

1071.7
1301.6
1390.2
1483.7
1400.2
1452.1
1497.6
1455.3
1463.3
1452.6
1436.0
142,1.0
1216.0
1291.7
103001

772.7
850 .
585.0
480.7
321.5

MEAN
616.6
845.8

1141.7
1333.4
1394.4
1520.1
1528.2
1518.1
1503.3
1518.4
1538.7
1534.6
1531.3
1518.5
1399.4
1404.5
1255.6
1029.1
984.7
757.3
578.9
474.7

MAX
685. 7
939.8

1361.4
1572. 2
17lo.3
1923.5
1960.2
1899.4
1825.9
1792.1
1657-b
183.5
1900.6
1914. 3
1743.0
1776.5
1712.9
1494.4
1398.1
1Z83.9
984.1
971.7

MIN

853.0
1222.3
1499.8
1655.9
0776.7
1553.7
1783.2
1825.9
1677.7
1696.3

1722.9
1728.5
1760.9

1450.5
1565.7
1500.9
124?.4
1228.5
iJb1. 4

783.6
745. 0

MEAN
630.9
895.7

1284.7
1531.9
1689.1
1819.9
1864 .
1850.0
1825.9
1737.3
1776.8
1788.7

1812.2
1828.4
16b5.5
1705.7
1637.3
1419.8
1328.8
1184.5
840.7
570.5

4AX
6.5

17.5
3•.0

55.0
80.5
77.5
84.5
96.0
87.5
87.5
78.5
87.5
79.0
93.0
71.5
80.0
93.0

115.0
120.0
163.0
134.0
152.0

MIN
5.5

13.5
27.5
38.0
56.0
62.0
45.5
79.5
67.0
30.0
29.0
41.5
45.5
42.0
29.0
45.5
58.5
43.0
57.0
61.0
82.5

116.j

MEAN
6.0

15.5
32.8
44.6
71.8
69.6
73.6
81.5
77.3
56.2
50.4

56.8
67.7
70.9
42.9
55.2
79.9
86.5

80.2
119.5
100.6
134.2

T11P tISE (3EG F) .JE4Crl rEnP (.EG F) QUENCH rgME (SEC)

IA X
17. 3
57.5

155.1
227.9
316.1
311.2
359.6
352 .0
328 . 3
250.4
278.1
293. 3
319.9
341.0
291.9
347 .2
500.8
476.7
474 . 3
576.8
303.6
501.5

MI N
11.7
40.9

125.0
174.8
255.7
292.0
253.5
310.8
316.9
200.9

165.7
181.5
226.3
242.9
232.9
251.2
325.7

302.8
286.5
316.9
214.6
261.3

MEAi
14.4
50.0

143.0
198.5
294.7
299.8
336.4
331.9
322.6
218.9
238.1
254.1
280.9
309.8
256.1
301.2
381.7
390.7
344.1
427.2
261.8
395.d

MAX
533. 1
771.5
674.2

934. 3
939.4
9 70 . b

1022 . 9
1062. o
1 (3Z. 7

1055.0
1609. 2
1117.8

974. 5
1.,o5. 5

192.4
832 .3
788. 4
640. 5
540. 5
771.0
664.0
574. 9

AiN
589.8
741 . 1
812.8
864.2
023.7
942.6
d98.7
854.2
983.4
523.3
783.5
810.2
855.7

831.4
096. 0
740.7
722.4
587.3
285.6
484.5
447.3
286.6

ME AN
604.9
751 .8
838.9
893.9
861.4
958.0

943.4
964.0

1008.i
832.6
936.4
934.0
9 48d 3
922.7
744,9
789.6
766.8
616.9

5656.1
b41.7
5.93.8
490.9

'lAX
14.5
40.0
)7.4

147.8
227.4
28).7
315.7
320.8
313.7
367.9
371.6
377.6
385.5
393.4
435.0
463.9
4? 3.0
523.0
529.0
550.9

5338.0
515.4

Miii
9.7

35.8
85.7

139.8
218.7
272.7
303.7
307.7
310.7
303.4
350.3
283.5
356.8
321.7
402.0
415.9
469.8
492.0
408.0
372.6
i44,9
201.3

MEAN
12.0
38.4
92.8

143.8
222.3
Z77.4
309.1
314.2
312.2
346.4
357.4
352.0
370.6
374.5
419.5
450.2
480.2
510.5
501.3
491.2
357.0
408.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43315C

Test Date: 8/29/80

Test Type: Forced Reflood (third repeat)

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.274 MPa (39.8 psia)

874 0 C (1606 0 F), 4C 1.70 m

(67 in.)

2.54 kw/m (0.775 kw/ft)

28.2 mm/sec (1.11 in./sec)

49 0 C (121 0 F)

514 0 C (501 0 C - 521 0 C)

1957oF (934 0 F - 9700F)]

35.43 mm (1.395 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature

at midplane:

+4.5% for 50 seconds, 0% to 220 seconds, and +1% thereafter(a)

-0.3% constant(a)

+3% linearly increasing to +5% by 250 seconds(a)

a. Relative to run 42107C

K-630



ROV/ELEV

FLECHT SEASET 21 ROD R'J)LE TEST SERIES
RUN NUMiER43315t

TIETIAL MAXIMUM TEMPERATURE TURNAROUND lUE4CH
CHAN. NO AT FLIOD TEMPERATURE RISE TIME TEIPREATUmE

()EG r) (DEG F) (DEG F) (SECONDS) (DEG F)

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
0

43 6-
5Z 6-
10 6-

59 6-

24 6-
33 6-
20 6-
3: 6-

3E 6-
3 6-
30 6-
44 6-

4• 6-
5 6-
1C 7-
23 7-

33 7-
53 7-
21 7-
23 7-

2E 7-
34 7-
33 7-
43 7-

5 7-
1: 8-
2E 8-
33 8-

53 8-

I: A-
1) 8-

2: 8-
44 8-
43 3-
5) 3-

3D: 9-

0210-
4310-
5110-

7

22
2

3
3

4
4
5
5

5
6
6
6

6

6
0
0

00

6
6

6
6
6
6

6
0

3

3

0
6
6

6
6
6
3

3
0

0

9
11

14
17

21
50

53
58

60
61
63
69

70
75
84
A5

36
95
96
97

93
101
110
111

115
117
17?0
121

12?
173
124
127

123
131
133
136

138
139
141
142

4 q A

145
1 48
1 54

156
161
1 64
167

163
170
172

L031.
L245.
1351.
1433.

14ý9 9.
1467.
1496.
1553.

1559.

1455.
1475.

1453.
1572.
1552.
15 57.

151q.
1513.
1557.
1465.

1512.
1537.
1438.
1452.

1477.
1394.
1444.
1457.

LI25.
1426.
1463.
1457.

1'44 0.
126i4 .
tOaq.
L3?77

1236.

10§6.

962.

1345.
589.
8ý5.

538.
7)0.
4190.

1215.
1346.
1520.
1644.

1785.
1693.
1756.
1754.

1784.
1763.
1711.
1706.

1723.
126.
1036.
1901.

17408.
1913.
1884.
1754.

1897.
1758.
1651.
1659.

1711.
1613.
1722.
1772.

1536.
1709.
1763.
177C.

1711.
1633.
1541.
1730.

1567.
1679.
1448 .
1295.

C 0 U P L E D T A
1459.
146G.
143u.

1376.
1378.
1Ž35.
1073.

312.
1001.

831.

134.
100.
.59.

'41.

Z2 6.
'50.
'21.

33,2.
256.
'32.

270.
?54.
204.
3D4.

2?9.
330.
327.

139.

315.
2•2 .
?L2.

328.

'34.
'29.

278.
315.

?4 1.
?92.
3)0.
313.

'70.
369.
i52.

340.
318.
352.
3(8.

Z39.
5E4.

658.

331.
68 9.

340.
351.

'24.
330.'
1I3.

36.5
25.5
44.5
54.0

64.0
79.0
86.0
64.C

64.0
93.0
86.0
49a 5

62.5
54.0
82.0
64.0

81.5
Ft1.0
t2.0
62.5

78.0
49.5
49.0
28.5

30.5
51.5
52.C
62.5

63.5
52.0
51.5
62.5

56.5
84.0
91.0
82.0

86.5
81.5
62.5
52.0

49.5
93.5
93.5

64.0
155.C

95.5
97.0

121.0
93.5

146.0

870.
841.
868.
852.

925.
962.
651.
695.

935.
593.
985.
938.

1011.
903.
859.
972.

946.
962.
818.
908.

924.
925.
775.
716.

699.
789.
818.
797.

723.
798.
•12.
790.

77R.
746.
737.
833.

719.
831.
578.
593.

610.
653.
588.

531.
283.
603.
685.

618.
435.
588.

QUENCH
TIME

(SECONDS)

87.0
99.4

151.8
229.9

288.7
359.9
373.0
380.7

366.8
369.8
368.9
371.7

301.6
370.7
389.1
376.7

375.7
387.7
408.5
386.6

394.6
387.9
432.9
429.7

445.0
425.9
469.4
483.7

460.5
458.7
471.8
481.9

454.1
516.9
498.9
509.8

495.4
485.9
544.6
527.7

543.9
529.9
552.0

542.0
482.0
569.0
460.2

387.0
558.0
438.0

2411- 0
4C11- 0
1011- 6

K-631



QUN 43315= HEATER R30 SrATISTICAL DATA

MAX TEMP (0-G FlI1ITIAL TE4P ()E'. F) TUR4A43UND TI4E ISEC)

I

C'..

ELEV
I ?

24
3?
43
63

S7
73
71
72
74
75
7f
77
73
94

',)
140

1111~

13?
133

ELEV
1?
24
3:
43
63

"57
70
71
72
74
'5
76
77
73

13
:)5

102
111
1')
132_
133

4AY
634.6
906.2

1245.2
1381 .2
1438.1
1609.0
1592.9
1547.9
1501.9
L576.5
1535.9
1600.3
1597.0
1553.0
1491 .'
1462.* 3
1370.R
L169.6
1067.5
916.0
700.4
672.5

600.4
813.6

1080.9
1107.)
1398.6
1478.9
1470.3
1447.3
1490.6
144?.5
1454.3
1443.5
1431.2
1417.9
1226.4
12Q4.4
1080.7

R97.3
383.0
589.7
483.4
419.6

4EAN
529.6
363.3

1151.6
1346.8
1403.4
1517. 5
1547.4
1517.3
1446. 3
1511.4
1532.6
15298.9
1529.5
1517.2
1414.6
1423.4
1?87.6
1375.1
1301.3

772.4
592.8
516.3

MAX
595.*2
450.1

1345.6
1560.3
1708.5
1021.2
1962.5
1905.1
1910.1
1784.3
1346.3
1879.1
1300.6
1313.2
173q.7
1776.5
1730.3
1521.4
143C.2
1307.:
1300.6

988.2

MEN
613.1
862.3

1215.0
1520.3
1643.9
1769.3
1821.4
1764.2
1905.6
1666.8
1683.2
1708.5
1722.9
1747.5
1443.3
1535.5
1540.9
1295.3
1215.0
107?.7
801.3
774.2

MEAN
641.0
;05.0

1'• .9
1537.6
1573.4
1412.9
1599.5
1U45.3
1907.8
1730.6
1766.7
1780.9
1307.2
1318.9

1709.4
15648.9
1ý44.3
1332.4
1190.1
362.7
877.7

MAX
6.0

15.0
36.5
58.5
84.0
81.0
91.0
91.0
92.5
86.0
86.0
86.5
e6.5
qo.o
55.5
65.0
q1.0
93.5
93.5

1 55.
134.0
146.0

5.3
13.0
25.5
38.5
54.*0
64.*0
73.5
81.31
63.3
50#*5
49.5
51.*0
64.3
49.5
28.5
51.*5
63.5

44.5

56.5

56o0

83.3

112.0

MEAN
5.6

14.0
32.6
47.2
63,*3
72.5
85.6
85.6
77.8
73.1
65.2
65.9
77.5
71.7

42.5
57.5
77.7
10.8

72.1
116.2
107.9
129.q

TEMP QISE (3iG F) OUE4CH TEMP (OE F) OUE'4.- T14E (SEC)

Mqk

17.6
48.7

149.9
274.3

300.4

312.1
369.8

357.2
315.0
260.4
273.6

309.8
333.0
271.8
33.4
452.2
454.1
467.7
58?.6
317.9
4•1•.4

PIN
9.4

32.6
100.4
16?.)
243.5
2086.6
333.q
315.1
308.1
194.3
166.7
183.4
228.9
221.0
207.,
240.7
318,3
280.5
263.3
7964*
223.4
271.4

jEA4
11.3
41.7

127.4
190.7
'70.1
Z95.5
352. 1
32P. 2
311.*6
219. 2
;'3 4. 1
252.0
277.8
301.7
?33.* 6
?46.0
361.3
373.1
331.1
411.7
?69. Q
361.4

MAX
644.7
776.4
976.0
900.7
912.6
:79.5

1030.0
953.5
387.7

1078.9
?85.8

1014.1
371.6
999.2
336.5
818.4
870.6
653.3
648.8
778.?
642.2
587.6

MI1S
607.9
742.7
307.1
868.3
799.4
899.4
912.5
850.7
973.4
650.9
?84.9
840.5
855.3
817.5
699.5
723.2
718.9
579.4
561.0
283.4
435.3
285.6

MEAN
620.8
754.5
348.5
880.7
054.7
331.8

349.4
?06.3
380.5
R25.6
315.0
?18.7
)19.4
?13.4
758.1
790.0
792.4
514.2
593.0
581.9
574.0
477.0

MAX
13.5
40.5
99.4

L52.9
237.3
291.8
328.6
333.7
325.5
380.7
379.7
390.7
3 (;8.*6
408.5
445.0

516.
546.0
552.0
572.5
55.0
531.0

8.5
35.8
87.0

146.8
229.8
283.7
313.8
322.9
322.3
293.5
360.8
301.6
363.5
342.6
396.9
423.5
485.9
527.7
422.d
380.5
267.2
180.5

MEAN
10.7

38.6
94.4

15a.5
232.3
288.2
3 22.3
328.2
324.1
355.1
369.8
361.3
383.1
384.9
425.8
464.8
501.1
537.0
5 20. 6
513.9
371.9
412.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43115D

Test Date: 10/22/80

Test Type: Forced Reflood (third repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

8730 C (1603 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

50 0 C (122 0 F)

511 0 C (501 0 C - 518 0C)

[9951OF (934 0F - 965OF)]
42.5 mm (1.67 in.)

B. Summary Results:

C. Comments:

K-633



RJD/ELEV

FLaCHT SEAScT 21 ROO BUNOLE TEST
,UN NUMBER43115D

TINITIAL MAXIMUM TEMPERATIIRF
CHiAN. Nu I T -LLD TEMPtRATURE RISE

(O1E F) (WrG F) (OEG F)

SERIES

TURNAQOI]ND QLLNwm
TIME TLMPREATLRE
(SECONDS) (DEG F)

2A

IC
24

24
20
3D
5C

I)
43
50
2A

33
10

23
3:

3C
3D
4 A

4C
5C
IC
23

30
53
2A

21

34
33
43

5:

23
3)

58
5C
IC
10

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-

b-

6-
6-
6-

6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-7-
7-

7-
7-

3-

3
3
0
0

7
2
2
2

3
3
3
4

4
5
5
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

7

10

5C
55

59

ol

o0c

70

I C i c.

13C5.
13t5.

1431.

15 41.

.154•;.

1474.
14 iO.

1205.
1323.
1463.
1680.

1744.
1795.
1828.
1795.

176 1.
1832.
1758.
1765.

134.
133.
159.
295.

267.
268.
315.
255.

279.
283.
283.
295.

31.0
34.5
35.5
70.5

60.0
49.0
58.0
70.0

69.5
57.5
71.5
66.0

o
2

0,

obe
97

90O

1Ol
103

d A

1±7
121
i22

123

L25
S2 c

129
i32
134
13 7

139

140
141

14C

155

16C
1o3

io?

107

170

i, IHtRI•0
L, T APc G

itcu,

i5CC.

l5tc.

14l.6

1511.
15 3c.

1445.

1411.

144U.

13C9.
ij0,

1L4 tl 7.

.143b.
12(15.
113C.
13ii.

12i1.
134d.

c Ic.
6 k:14.

1091.
1110 .
I 115.
9 to0.

1019.
611.
b ?2.
744.

2tl,

L J OU P L 0
1760.

C d P L E 0

19J4 .

1751.
1926.
1,79.
1794.

1921.
idI8.

L J U P L 0 D
1713.

1748.
1636.
1755.
1792.

1568 .
1739.
1790.
1789.

1725.
15d6.
1443.
1741.

1611.
1684.
1441.
1422.

1500.
1527.
1490.
1456.

1426.
1126.
1236.
1121.

832.
1041.
714.

A T A
293.

A T A
304.

251.
338.
313.
318.

350.
280.

A T A

268.

276.
251.
315.
368.

259.
302.
322.

331.

382.
323.
412.

340.
336.
431.
557.

40Q.
340.
375.
476.

407.
515.
364.
378.

256.
366.
513.

80.5

57.5

72.0
58.5
59.5
59.0

82.5
833.0

38.5

48.5
47.5
48.5
72.0

49.0
58.5
5?. 5
57. 5

57.5
81.0
62.0
71.5

71.5
72.0
82.5
92.5

83.0
49,0
80.0
98.0

84.0
138.0
92.5
115.0

121.0
114.0
142.0

d5C.
d47.
900.

bo B.

908.
W26.

26L'.
679.

1C52,

IC 112.
462.
929.

1037.

10i9.

b93,
o9t.

'.50.

781.

73b.
o97.
b97.
bC7.

o 19.

b0 7.

b44.
73Z.
72i.
o37.

6ý,4.

714.

673.
c67.
662.

o7 0.
109b.
60ý4.
690.

D9V 1.
406.
597.

3Cb.7

343.6E
3 D8. -1
359.4
374. 3

353.6
3(;1.6k

3 71. C

4Ca. t
405. 7
441.4

420.*6
421.*0
4C8. 9
434.S

410.9S
474..
44t6.
44 5.6

471.S
441.S
5 10. C
4o4. 7

490. C
49 3. G
4t76.6t
491. C

463.6t
527.c
476.6b

441. 5
520. C
460.0C

QUENC h
TIME

(SECONDS)

90.3
90.4

128.8
225.6

281. u

316.8
b04. C
338.4

291.6
331.t
336.t
313.6

2C
4a
50
30

3-

3-

4C 9-
1010-
4810-
5)13-

2811- 0
4:11- 0
1311- 6

K-634



?(UN 43115U HEATER RLD STATTSTTCAL DATA

MAX TEMP (DEG F)!NiTIAL i-Ml' (UEU F) TURNARJUNU TnME (SEC)

U,

cLcV.

12
2'4
39
4o

6u
67
70
71
7;
7'.
7)
7o
77
7b

9o
9c)

102
111
12u
13?
13o

12
2',
31
4o
bu
67
7U
71
72
7 .
75
7o

77
7o

6 't
90
9o

102
III
12U
132
13o

MAX
o15.6

779. 3
1169 . C
1304. 0

14,I., 4
L54Y . *4
i602 . 6
1539 . i
15o4. 5
1 564. 6
1 1 46 . k6£5•63. I15 83 .1

15oOO.4

i471. CI 4t)7 . 4
14o71.

1377 . 2
j170, I
1023.1

672 . ?
o74. 4
653. 7

1. I A.
55t, . 2
7?3 .4

iio * 4
12o'. .'

1372 0
A.t77,4

ijZ4 5

1374.2
±L41,i.. 3

147' v. Y
140o.7

±30•, *

112u .2
064.6
ab4 . "06.4 *

o lo,*
27oi *

PEAh

75.43
110b.1

I Io ,

12103.
1 '39 . 1
1122.1

i5125

1532.O

i 52,L. 3
1132.2
141 .2
1405.0
ii27.,. 4

472.7
710.6

967.9

MAX
627 . d
d33.3

1322.6
1463.4
1763.1
1833 6
1900.6
1o40.6
1676.8
1877.9
1831.6
1i83.6
1909.7
1925.8
1753. 1
17v2. 1
1766. 7
1526.8
1455.9
1245.2
104C.8
977.q

MIN
571.5
815.8

1204.5
1463.4

16513.1
1744.1
1833.8
1640.6
1673.4
1733.0
1735.2
1744.1
1750.8
1746.6
1605.8
1567.9
1443.0
1332.0
1183.7
1120.3

632.3
794.0

MEAN
590.3
825.0

1246.7
1463.4
1700.4
1791.7
1867.2
1840.6
1803.5
1794. 1
1781.5
1818,2
1826.4
1846.9
1690.0
1702.4
1629.6
1451.8
1329.6
1173.0
908.7
962.5

MAX
6.5

13.5
34.5
47.0
71.0
60.0
69.5
49.0
81.0
79.5
71.5
70.0
82.0
83.0
71.5
79.5
84.0
92.5
98 . 0
159.0
121.0
142.0

PIN
5.5

13.5
31.0
35.5
ili. 0
4o.5
46.0
4q.0
40,. 5
4Su

57.5
57.5

7.°5
53.

3c.C
47.U

49l. C
6ct.5
9C.0

92.5
121.(,

MEAN
5.,

13.5
32.7
41.3

6b.b
53.0
59.0
49. C
56.8

62.0
65.*3
61.4
70.4
65.4

4p'. t
59.0
73.2
72.7
61.3

122.3
I04.2
13C.3

T1ZJ h .t t AuE; F) JUENCH TEMP (DEG F) QULNCH 11±M (SEC)

MA X
10.4

17o.6
246. 5

2o4. 2
3 Oq . 3
300.7

2 ,2
31.o,1

317.7
3o9 . C
349.9

3oo' .
411. c
557.C
47o. C
574 .;
36o'. 4
512.7

12.C
53.4

132 . t
150.0
271,7
?0 7 1.7

30•... 7
25C.5
23Q'. 7'

24ý.. .
ZýLz

2 oe . o

220 . C
3U7.4

? o,. .0
2 to.. . 5

253 .o
32.3 . 4,

19 CAN
i4.4

53.7
130.5
Ilco . 7

ed 4. 1
272.3
3603 . o
30 .. 7

ed2.1
276.0

30Ei:* 13Cj.1

314.7
274.6

342.3

427,4

242.6
3 7 4, t)

M AX
606. 3
729.8
050.2
905,6
962,7

1026.3
1043. 7

6bb1.
990,1

1049.2
1052.0
1037.3
1059.1
1023.2
816.3
897 . 5
673.C
713.9
678,3

1096 . C

o08.3

56t. 3
717.3
797.6
658.5
833.0
o96.6
915.7
966.1
634.3
776,3
901.2
653.6
695,8
675.9
696.7
759.2
670,6
557.6
541,8
573,8
486.2
493.8

MEAN
581.4
723.5
831.4
882.1
693,0
Q43.7
979.7
966.1
905.6
887.3
959.8
916.4
953.3
953.3
751.3
816,.
763.8
631.6
628.3
683,3

533.0
5 5Q.,?

MAX
10.1
32.9
93.9

140,9
231.8
284.7
203.7
307,9
326.4
351,7
338,8
361,0
363.5
374,3
413.7
441.4
487.6
510.0
521.1
537.0
520.0
532,0

32,4

12bb
211.6
Z63.7
2 7c.,o
307.9

246.,
2 9±,6

30t. 7
331.9
371.0
3b2.b

431.0
476,t

471. u
3o7.9
441,4
314,5

ttAN
9.0

32,o
91.5

134.d
223.C
276.0
2o6,7
307,9
307.6
315. C
322,9
34C.2
343.4
354.4
390.9
417.7
454.3
4S2,7
491.t
4b9,4
47o.b
458,6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43215D

Test Date: 10/22/80

Test Type: Forced Reflood (fourth repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.2 psia)

8740 C (1605 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

51 0 C (123 0 F)

516 0 C (506 0 C - 523 0 C)

I[960OF (943 0 F - 9740F)]
74.9 mm (2.95 in.)

B. Summary Results.

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature

at midplane:

+1.5% for 70 seconds, -0.5% to 140 seconds, -2% to

210 seconds, and +0.5% thereafter(a)

-0.75% constant(a)

a. Relative to run 43115D

K-636



RO0/ELEV

FLECHT SEASET 21 RIO 8U'4)L TEST
RUN NUMSER43?15)

TIN4TIAL MAXIMUM TEMPERATURE
CHAN. 4 n AT FLOOD TEMDERATURE RISE

(DEG F) (DEG F) (DEG F)

SERIES

TURNAROUND QUENCH
TIME TEIPREATURE
(SECONDS) (DEG F)

24
4C

24

24
20
3)
5C

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

3
3
0
0

7
2
2

2

3
3
3
4

5
5
5

5
6
6
6

6
6
0
C

0
0
6
6

6
6
6
6

6
3
0
3

C

6
6

6
6
6
3

7
9

10
13

16
50
55
59

61
66
68
70

1011.
1214.
1310.
1354.

1470.
1533.
1516.
1535.

1411.
1547.
1471.
1463.

1222.
1337.
1463.
1675.

1737.
1777.
1809.
1779.

1743.
1816.
1734.
1753.

131.
123.
153.
290.

257.
243.
2;3.
243.

262.
?59.
?53.
2;0.

**$ 8 4
52

8 A
85

86
97
98

100

101
10o

111

2E 7-
34 7-
34 7-

5C 7-

1C 8-
2E A-
30 8-

53 8-
5C 8-
IC 8-
ID 8-

2C 8-
43 8-
50 8-
30 9-

4C 9-
1010-41lO-
4010-
5010-

115
117
121
122

123

125
128

120
13?
134
137

139
140
141
142

143
145
148
155

157
160
163
166

167
169
1 70

nT 4 E Q M 3

14654.
D T H E R M 3

1600.

1433.
V5 R9.
1568.
1472.

1572.
1532.

n TH4E R 4
1442.

1463.
1346.
1432.
1414.

1 z2733.
1426.
1460.
1449.

1424.
1231.
1131.
1330.

1266.
1346.
1005.

558.

1051.

1174.
11)7.
9355.

1021.
534.
q77.
748.

674.
271.

C 0 U P L E D
174C.

C 0 U P L E D
1587.

1731.
1913.
1562.
1785.

1404.
1904.

COUPLE 0
1703.

1722.
1585.
1742.
1778.

1531.
1725.
1773.
1774.

1709.
1566.
1447.
1715.

1597.
1667.
1415.
1390.

1490.
151P.
1446.
1436.

1422.
1112.
1235.
1112.

831.
1033.

798.

A T A 0,
276.

A T A$

257.

238.
324.
294.
313.

332.
273.

A T A
261.

259.
2 39.
310.
354.

238.
?49.
313.
325.

?Ž54.
355.
316.
335.

331.
321.
410.
531.

409.
344.
339.
450.

4D0.
315.
358.
354.

252.
358.
537.

34.0
31.5
41.0
76.5

61.0
47.0
59.0
64.0

69.5
65.0
70.5
66.5

71.0

67.0

69.5
65.5
61.5
67.5

89.5
87.5

45.5

46.5
45.0
55.C
67.5

45.5
61.5
66.5
66.5

64.5
q9.0
92.0
71.0

68.0
67.0
94.0
101.0

88.5
57.0
68.5
96.5

89.0
161.0

89.0
119.0

125.0
119.0
159.0

527.
8322.
884.
842.

895.
944.
260.
891.

920.
936.
87?4.
954.

953.

9D8.

936.
925.
920.
902.

1023.
93C.

526.

757.
701.
939.
903.!

833.
848.
881.
831.

870.
759.
749.
856.

693.
837.
605.
654.

661.
661.
640.

634.
640.
587.
672.

573.
489.
585.

343.8

352.4

320.8
361.4
353.2
378.9

359.9
368.8

352.8

391.0
414.0
398.8
457.9

427.5
425.9
416.9
'5C.9

427.9
486.8
467.0
456.9

489.9
460.0
519.0
517.5

505.8
513.0
502.3
502.0

5C9. 6
518.9
543.9
483.7

4557.9
531.0
490.9

QUENCH
TIME

(SECONDS)

98.7
97.9

136.8
235.6

289.6
315.3
600.0
344.9

329.4
338.4
353.7
321.8

3
3

.0
0

?411- 0
4C11- 0
1011- 6

K-637



RION 43215D HEATER RID stArISTICAL DATA

MAX TEMP (CEG F)INITIAL TE4P ()EG F) TUR'4AR3UNO TI4E (SEC)

ELEV
12
24
33
49

63
67
7j
71
72
74
75
76
77
73
34
43

102
111
12.)
132
113

FLEV
12
24
33
44
63
67

71
72
74
75
76
77
79
34
•3

102
111
1';)
132
133

696.7
848.3

1213.9
1310.5
1497.1
1595.9
1604.6
1546.3
1539.5
1564.1
1546.8
1579 l
1600.3
1599.5
1466.6
1460i1
1379.1
1174.3
1021.2
876.8
674.1
655.1

MTN
633.6
p24.0

1091.*3
1299.5
1378.6
1470.3
1523.0
1546.3
1374.4
1418.9
1471.4
146?,q

1463.:
1451. ?
1325.7
1292.7
1131.2

857.,1
594.3
579 *6
291.5

556.2
337.3

1133.4
1305.0
1420.1
1515.1
1563.8
1546.3
1524.6

1511.6
1503.6
1530.3
1519.5
1531.2
1406.3
1393.5
1273.C
1050.3
365.9

711.1
614.5
481.6

MAX
704.6

981.0
1337.3
1467.7
1756.4
1862.1
1874.5
1820.3
1854.2
1556.4
1815.7
1361.0
1996.j
1913.2
1731.9
1777.6
1760.9

1518.?
1435.5
1234.8
1032.5
973.8

M14
643.6
864.4

1222.3
1463.4
1650.5
1729.5
1820.3
1823.3
1664.6
1709.5
1716.3
1733.0
1733.8
1731.9
1583.0
1531.1
1447.3
1317.3
114,3.4
1092.3
831.3
798.2

4E41AN
665.7
574.8

1264.8
1465.5
1593.8
1776.0
1347.4
1520.3
1786.0
1774.8
1763.4
1902.1
1909.0
1532.4
1571.1
1682.7
1611.6
1429.,
1317.4
116C.0

902.2
855.3

MAX
5.5

12.5
35.0
45.5
76.5
61.0
67.0
57.0
92.0
70.0
70.5
67.5
86.5
89.5
66.5
88.0
92.0

101.0
q8.0

161.0
125.0
159.0

MEN
4.0

12.0
31.5
41.)
61.0
46.5
47.0
57.0
47.5
47.0
56.5
55.0
67.3
56.0
45.3
43.U
66.5
57.3
70.5
77.5
95.5

1?220

MEAN
4.8

12.2
33.5
43.3
69.3
54.8
Et. 0
57.0
H3.3
9.6

66.9
(4.4
.2.0
6=.8
49.3
61.8
76.0
78.1
84.3

123.4
113.2
135.0

TEMP 21SE (3=G 9) OHIE'4CH TEIP ()EG r) OUEdlCA T14M (SEC)

'AX
10.6
41.5

139.9
168.2
?90.1
267.0
2q7.3

274.0
290.1
305.2

2q7.9

352.4
342.2
290.7
363.5

385.1
531.5
450.4
545.3
359.4
506.7

MEN

7.R

?0.6
123.4
15?,q
259.3
240.6
769.9
274.0
226 .1
?33.5
226.7
230.5
2 31? 0
246.5
239.3
222.5
2789.
290.4
271.1
319.5
?51.7
?1P.7

.4 E A4
9.5

37.5
131.4

160.5

?60.9

274.0
761.4
23.1
259,8

289.5
301.2
?64.8

7R9. 1

338.6
379.0
351.5
448.9
?87.7
373.6

MAX
642.6
733.3
932.1

8893.8
982.7

1023.2
Q99.3
316.4
998.6
996.6

1022.3
116C.3

353.7
1023.1
825.6
939.4
904.5
66C.8
670.3
719.4
572o9
584.8

M14
610.4
285.6
827.1
832.1
911.2
891.7

938.9
916.4
813.1
775.4
P74.1
695.7

904.5
871.3
700.5
761.2
674.6
I84.9

285.6
572.9

489.3
488.9

4EAN
623.9
577.6
829.8
857.9
37P.5

336.5
369.1
716.4
899.8
873.2
931.9
?12.3

939.8
937.8
758.8
530.0
785.2
528.5
577.3
622.7
526.5
534.2

MAX
14.0
43.3

99.4
149.7
240.0
292.7
301.7
317.9

334.5
352.0
353.7
363.3
368.8
378.9

418.6
457.9
5C2.9
526.9

535.0
547.0
531.0
544.8

M14
12.3
39.9
97.3

136.8
220.8
270.8
288.5
317.9
298.3
252.6
298.4
282.8
320.8
338.8
352.8
398.8
436.9
497.9
466.5
390.5
457.9
325.3

MEAN
13.1
41.1
98.7
143.3
232.2
284.4

295.1
317.9

313.7
3 18.3
333.4
339.4
349.9
357.9
3q0.5
427.4
46832
511.6
497.8
504.6
495.0
468.6



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SIJMMARY AND COMMENT SHEET

Run: 42215E

Test Date: 12/9/80

Test Type: Forced Reflood

Blockage Configuration:

(third repeat)

21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

8760 C (1608 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

51 0 C (124 0 F)

515 0 C (506 0 C - 519 0 C)

[959°F (942 0 F - 967°F)]

29.5 mm (1.16 in.)

B. Summary Results

C. Comments:

K-639



FLECIT SEASET 21 RJD BUN)LE TEST SERIES
RUN r4UflEK42215E

TINITIAL MAXIMuPI TEMPERATUKE TUR4ARDJ!) QUENCH
CHA4. NO AT FLOOD TEMPERATUKE RlSE TIME TEMPREATURE

(DEG F) (DEG F) (WEG F) (SE:ONDS) (DEG F)

3
3
0
0

7
0
2
4

4
4
4
4

5
5
5
5

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

72
758* A 3
83

.86
87
93
94

98
103
110
111

113
* 8 A D

115
120

6
6
7
7

8
8

0
0

0
0
6
6

1200.
1277.
1396.
1508.

1530.
1427.
1516.
1481.

1464.
1537.
1467.
1496.

1495.
1491.
1539.
1564.

1580.
1589.

THE R M 0
1509.

1561.
1460.
1453.
1477.

1505.
1412.
1398.
1453.

1242.
T H E R M 3

1087.
1434.

1421.
1096.
915.

1173.

1193.
1263.

900.
804.

1068.
1090.

978.
868.

966.
602.
833.
702.

547.
648.
356.

1331.
1347.
1599.
1797.

1798.
1737.
1781.
1732.

1850.
1826.
1778.
1707.

1761.
1758.
1814.
1853.

1914.
1893.

COUPLE 0
1783.

1904.
1760.
1653.
1679.

1736.
1622.
1714.
1740.

1530.
COUPLE 0

1594.
1778.

1733.
1551.
1323.
1669.

1556.
1675.
1390.
1301.

1615.
1520.
1490.
1351.

1423.
1064.
1221.
1047.

771.
1010.

761.

131.
70.

204.
Zd 9.

268.

311.
265.
251.

38 5.
289.
310.
211.

266.
267.
274.
289.

334.
303.

A TA A
274.

343.
300.
200.
202.

231.
210.
31b.
287.

288.
Ark*

507.
344.

312.
454.
407.
496.

363.
411.
489.
497.

547.
430.
513.
483.

456.
462.
388.
345.

225.
362.
404.

34.0
18.0
48.5
54.0

59.5
101.0

96.5
97.5

139.0
98.0
99.0
71.0

97.0
97.0
98.0

100.0

104.0
98.0

105.0

97.0
98.0
48.5
37.0

37.5
47. 0
58.5
58.0

42.5

87.0
72.5

76.0
97.0
70.5
48.0

70.5
84.0
47.5
?7. 5

98.0
77.0

138.0
110.0

139.0
133.0
105.0
144.0

127.0
141.0
150.0

808.
861.
917.
921.

913.
243.
788.
811.

1152.
668.

1107.
680.

887.
742.
881.
770.

690.
908.

876.

8W7.
720.
7o4.
728.

760.
734.
787.
829.

QUENCH
TI IE

(SEJ•D0S)

112.9
108.8
16.6
238.9

290.6
647.0
355.1
353.0

355.3
342.8
335.7
344.4

358.0
386.0
367.7
364.9

372.6
373.7

383.7

402.8
423.7
391.6
411.8

431.0
420.0
44o.0
420.8

2E 7-
3A 7-
38 7-
48 7-

5C 7-
IC 8-
2E 8-
3D 8-

58 8-
5C 8-
1: 8-
13 8-

2C : -
48 8-
50 9-
30 9-

4C 9-
1010-
4510-
5010-

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

122
124
126
129

133
134
135
136

138
143
145
150

152
157
164
166

168
169
171

868.

693.
877.

812.
768.
750.
786.

840.
742.
679.
651.

751.
694.
677.
620.

634.
531.
650.
665.

585.
508.
533.

418.8

489.9
431.8

443.9
465.5
450.8
475.0

449.7
470.0
495.6
518.9

492.9
484.9
502.9
509.0

500.0
543.7
508.0
404.2

381.0
492.0
419.6

3
0
0
0

2A11- 0
4Cl- 0
1D11- 6

K-640



RUN 42215E HEATEK kUD STATISTICAL D0kT

MAX TEMP (DEG F)INITIAL TEMP (DEG F) TJRNAROUNO TIME (SEC)

IO

ELEV
12
24
39
48
60

67
70
73
74
75
76
77
78
79
80
81
82
44

93
96

102
111
120

132
1 28

ELEV
12
24
39
48
b0
67
70
73
74
75
76

78
79
fO
81
82
84
90
96

102
ill
120
132
138

4AX
697.1
967.0

1276.6
1449.1
1531.0
1607.8
1595.2
1480.6
1523.2
1490.9
1556.3
1563.9
1589.4
1560.7
1561.3
1550.5
1492.6
1517.4
1505.1
1270.6
1440.8
966.3

1036.3
548.1
574.7

MIN
658.6
897.4

1188.0
1366.3
1490.9
1501.6
1539.0
1480.6
1515.7
1469.4
1467.3
1486.6
1466.2
1509.2
1450.2
1550.5
149Z.6
1400.9
1086.8

915.3
758.5
706.8
602.0
453.5
356.3

MEAN
682.9
929.2

1213.6
1403.7
1510.0
1554.7
1568.7
1480.6
1519.4
1479.4
1506.1
1514.3
1530.9
1534.8
1503.2
1550.5
1492.6
1473.1
1354.2
1167.9

993.7
834.3
759.9
526.6
465.5

MAX
707.7
999.6

1346.7
1636.3
1796.6
1885.9
1871.1
1750.8
1805.6
1749.7
1825.9
1853.1
1914.3
1861.0
1904.0
1921.2
1816.9
1739.7
1804.4
1728.j
1784.3
1438.7
1402o3
1009.9

802.3

MIN
674.1
937.7

1317.3
1549.5
1738.6
1776.5
1837.2
1750.8
1780.9
1707.3
1707.3
1728.5
1738.6
1760.9
1759.8
1921.2
1816.9
1622.1
1511.7
1322.6
1049.0
1034.6
1047.0

712.9
760.7

MEAN
696.2
963.2

1330.4
1595.0
1771.7
1834.1
1851.5
1750.8
1793.2
1730.2
1764.7
1774.5
1812.2
1803.5
1816.7
1921.2
1816.9
1692.0
1686.8
1609.9
1427.5
1257.2
1165.5
822.0
781.5

MAE
6.0

13.5
35.5
48.5
64.0
75.0
83.5
96.0
96.5

101.0
99.0

104.0
109.0
105.0
109.0

98.0
109.0
49.5
87.0

109.0
138.0
143.0
149.0
155.0
150.0

MEIN
5.0

12.5
18.0
47.5
46.0
60.5
58.0
96.0
72.5
72.0
71.0
71.0
96.0

100.0
96.0
98.0

109.0
37.0
42.5
70.5
47.0
82.5
71.0

127.0
102.0

MEAN
5.5

13.2
28.8
48.2
57.5
68.6
67.3
96.0
84.5
91.b
90.8
95.3
99.8
102.0
101.0

98.0
109.0
42.4
65.9
87.7
93.3

106.4
117.2
142.0
126.0

TEMP AISE (DEG F) QUENtNH TEMP (DEG F) QJENCH TIME (SEC)

MAX
15.5
40.3

138.8
203.5
288.9
337.1
298.2
270.2
282.4
280.3
310.3
289.2
334-2
300.3
342.7
370.7
324.3
241.7
507.0
496.4
546.6
532.4
502.9
361.8
404.4

MIN
10.6
29.1
70.1

183.2
207.6
248.3
274.4
270.2
265.2
220.7
211.1
230.8
225.1
215.4
254.1
370.7
324.3
199.6
276.6
363.2
290.5
313.5
289.8
224.6
227.6

MEAN
13.3
34.0

116.8
191.3
261.7
279.3
282.8
270.2
273.8
250.8
258.5
260.2
281.3
268.7
313.5
370.7
324.3
218.9
332.7
442.0
433.9
422.9
405.6
295.4
316.0

MAX
634.4
760.8
879.4
943.1
920.5

1005.0
949.5
876.0
787.8

1044. 7
1117.3
1076.7
1073.2

69Y.6

891.8
842.7
857.8
801.6
877.3
839.9
823.3
642.5
786.7
585.5
536.5

MIN
612.0
751.5
808.1
895.5
876.4
842.5
941.8
876.0
649.5
644t. 3
648.1
715.8
690.2
870.4
720.0
842.7
857.8
664.8
692.5
742.3
651.4
579.1
530.7
507.7
532.9

MEAN
623.3
755.1
841.1
918.7
905.1
941.5
945.7
876.0
718.7
862.7
839.5
862.5
885.Z
885.0
850.5
842.7
857.8
754.5
801.6
783.2
725.8
605.8
634.2
557.6
534.7

4AK
20.4
46.4

113.9
150.7
23%.9
30S.7
326.7
281.1
355.1
350.0
399.2
386.0
407.8
383.7
423.7
408.6
397.6
445.0
489.9
483.0
518.9
523.0
543.7
492.0
447.0

MIN
17.5
45.0

101.9
145.8
231.2
274.8
308.7
281.1
351.3
287.9
335.7
312.8
307.5
372.7
378.2
408.6
397.6
391.6
418.8
449.7
338.5
447.0
279.2
326.7
419.6

MEAN
18.8
45.8

109.4
147.7
234.9
289.7
317.7
281.1
353.2
317.0
356.3
359.2
366.6
379.4
399.0
408.6
397.6
416.7
445.2
465.4
464.3
496.6
479.1
398.9
433.3



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42315E

Test Date: 12/9/80

Test Type: Forced Reflood (fourth repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.280 MPa (40.6 psia)

874 0 C (1605 0 F), 4C 1.70 m

(67 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

49 0 C (120 0 F)

509 0 C (499 0 C - 514 0 C)
[949OF (931oF - 9570F)]

34.5 mm (1.36 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature

at midplane:

±0.5%(a)

+0.4% constant(a)

-1% constant throughout test(a)

a. Relative to run 42215E
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ROD/FLEV

2A 3- 3
4C 3- 3
1C 4- 0
24 5- 0

FLECHr SEASEr 21 AdJ BUNULE TEST SERIES
RUA NUM3EA42315E

T14ITIAL lkAImUl TEMPERAIUKE TJR4AROJN3 QUENCH
CHA4. NO AT FLOOD TEMPERATURE RISE TIME rEMPREATURE

(DEG F) (DEG F) (iEG F) (SE:0405) (DEG F)

2A
sC
20
1I

30
48
5C
5D

10

24
29
38

3C
4C
3C
3E

3D
44
1C

28

3)
58
28

2E
3A
3S
45

5C
IC

2E
33

5-
6-
6-

6-

6-
6-
6-

6-

6-
6-
6-

6-

6-
6-
5-

5-

6-
6-
7-

7-

7-
7-
7-

7
0
2
4

4
4
4
4

5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

72
75

83

86
87
93
94

98
103
110
111

113
B B A3
115
120

1188.
1269.
1385.
1500.

1527.
1419.
1506.
1468.

1454.
15 23.
1455.
1489.

1481.
1476.
1526.
1549.

1566.
1575.

T H E R M 3
1496.

1549.
1446.
1444.
1472.

1497.
1415.
1395.
1440.

1315.
1335.
1590.
1785.

1789.
1737.
1784.
1715.

1847.
181d.
1769.
1707.

1748.
1748.
1810.
1838.

1910.
1887.

COUP L E 0
1779.

1904.
1748.
1649.
167J.

1739.
1625.
1730.
1739.

127.
66.

205.
285.

262.
319.
279.
247.

394.
295.
314.
219.

267.
271.
284.
289.

344.
312.

A r A

283.

355.
301.
206.
202.

242.
211.
335.
299.

300.

484.
342.

301.
427.
411.
478.

341.
376.
452.
526.

522.
400.
444.
472.

433.
480.
406.
361.

222.
364.
428.

31.0
15.5
45.0
68.0

58.5
130.0

91. 0
91.0

101.0
92.0
96.0
94.0

90.5
:?3.0
99.0
90.5

103.0
38.5

98.0

:7.5
91. 5
47.0
36.0

46.0
47.0
58.0
58.5

44.0

86.5
81.5

70.5
97.5
91.0
91.5

73.5
38.0
)8.0

131.0

97.5
69.5
33.0

103.0

97.5
132.0
125.0
145.0

131.0
136.0
141.0

800.
864.
919.
913.

926.
241.
810.
886.

1155.
645.

1120.
920.

961.
745.
873.
785.

639.
905.

871.

857.
754.
754.
750.

768.
734.
782.
821.

884.

699.
880.

815.
775.
768.
777.

769.
730.
666.
674.

734.
709.
669.
641.

656.
567.
668.
282.

619.
505.
286.

QUENCH
TIME

(SECONOS)

110.8
106.0
143.6
233.8

285.7
647.0
347.8
327.0

350.3
336.0
329.0
334.7

333.8
378.0
361.5
358.5

373.8
368.8

381.7

397.5
414.0
388.9
400.8

426.0
412.9
438.9
422.9

7-
8-
8-

58 8-
5C 8-
IC 8-

48 8-
50 q-

3D 9-

4C 9-
1010-
4810-
5010-

122

126
129

133
134
135
136

138
143
145
150

152
157
164
166

168
169
171

1237.
T H E R M 0 C

1134.
1439.

1429.
1.147.

973.
1-197.

1220.
1294.

982.
823.

1117.
1118.
1003.

897.

989.
588.
836.
705.

553.
657.
340.

1538.
O U P F E 0

1619.
1781.

1730.
1573.
1383.
1676.

1560.
1670.
1434.
1349.

1639.
1518.
1446.
1369.

1422.
1068.
124Z.
1067.

775.
1021.

768.

409.7

477.9
424.9

436.9
462.2
441.9
468.2

447.8
460.0
491.0
503.9

4d87.0
472.0
486.7
501.0

490.2
533.0
498.0
425.0

346.0
493.0
439.0

2A11- 0
4C11- 0
1011- 6
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RUN 42315E HEAfER ROD STATISTICAL D&TA

MAX TEMP (DEG F)I1ITIAL rEMP (OEG F) TJRNAROUNO rIME (SEC)

ELEV
12
24
39
48
60
67
70
73
74

75
76
77
78
79
80
91
82
84
90
96

102
111
120
132
138

ELEV
12
24
39
45
60
f7
70
73
74
75
76
77
78
79
q0
11
92
?4

90
96

102
111
120
132
138

NA X
677.2
955.7

1268.7
1443.5
1531.1
1605.2
1590.5
1469.8
1515.5
1479.4
1544.6
1549.0
1575.4
1545. 7
1549.0
154C.8
1492.6
1514.4
1499.8
1296.9
1440.9

)88 .7
1074.8
657.2
564.7

4IN
638.3
875.7

1174.3
1359.3
1484.2
1503.0
1528.4
1469.8
1505.7
1457.5
1454.8
1469.8
1451.0
1496.0
1439.2
1540.8
1482.6
1403.3
1134.3
972.7
769.0
706.7
587.6
473.1
339.6

ME AN
657.8
912.4

1202.9
1395.9
1505.2
1553.0
1561.4
1469.8
1510.6
1467.8
1494.1
1500.1
1516.9
1520.9
1491.7
1540.8
1482.6
1468.3
1354.2
1200.8
1024.3

871.1
771.0
545.2
452.2

MA X
691.0
990.3

1335.2
1631.9
1785.4
1881.3
1872.3
1733.0
1805.6
1737.4
1818.0
1838.4
1909.7
1862. 1
1904.0
1920.1
1811.2
1741.9
1806.7
1744.1
1792.1
1452.7
1404.4
1021.2

806 .4

654.1
918.1

1300.6
1552.7
1737.4
1165.3
1841.7

1733.0
1784.3
1706.2
1707.3
1707.3
1730.8
1756.4
1747.5
1920.1
1311.2
162J-4
1517.1
1383.4
1075.8
1101.6
1366.6

716.0
768.0

ME AN
672.5
948.7

1313.9
1591.4
1759.7
1831.0
1853.8
1733.0
1794.9
1720.7
1757.2
1763.1
1803.2
1798.1
1808.1
1920.1
1811.2
1691.9
1690.7
1623.9
1446.3
1284.4
1178.4

822.5
787.2

4AX
5.5

13.5
33.5
58.0
68.0
77.0
74.5
91.0
91.0

102.0
96.0
99.5

103.0
99.5

105.0
101.0

97.5
47.0
95.5
97.5

104.0
156.0
151.0
146.0
141.0

5.0
12.0
15.5
45.0
47.0
47.0
58.0
91.0
70.5
58.5
71.0
70.5
77.0
90.5
90.5

101.0
97.5
3b.0
44.0
73.5
45.5
70.5
56.0

131.0
125.0

ME AN
5.3

12.7
26.9
50.0
57.8
60.8
o3.7
91.0
80.8
86.4
89.3

89.3
90.4
94.8
98.8

101.0
97.5
43.8
66.4
88.0
85.6

102.5
122.8
13d.0
133.0

TEmP RISE (3EG F) QUENkCH rEAP (DEG F) QUENCH lINE (SEC)

MIAX
15.7
42.3

127.3
204.6
285.1
301.4
319.0
253.2
290.1
279.9
313.9
239.4
343.9
316.4
355.0
379.3
328.5
246.4
48 4.5
478.3
538.6
477.2
490.9
363.9
428.4

M N
13.8
31.9
66.5

188.4
206.3
238.0
276.5
263.2
278.6
226.7
218.8
237.3
231.0
225.3
264.6
379.3
328.5
202.0
298.8
340.6
280.9
300.7
328.4
221.8
241.7

ME AN
14.8
36.3

111. 1
195.4
254.5
277.9
292.4
263.2
284.4
252.9
263.1
262.9
286.3
277.3
316.4
379.3
328.5
223.6
336.5
423. 1
422.0
413.3
407.4
277.3
335.0

MAX
17.2

75d.3
863.6
932.0
940.5

1004.2
967.8
852.8
810.2

1020.7
1120.1
1058.0
1138.5
924.2
954.7
824 *#
867.2
813.5
884.4
829.3
815.7
656.3
730.5
619.5
531.0

AIN
605.9
741.8
797.3
887.2
876.9
890.8
933.5
a52.8
665.2
678.5
645.1
717.8
638.7
871.4
753.9
824.1
867.2
669.0
699.1
729.6
666.1
556.7
282.3
505.4
285.6

MEAN
611.5
751.1
830.3
912.7
910.1
950.7
954.7
852.8
737.7
861.4
853.4
867.0
888.8
900.3
881.7
824.1
867.2
757.9
799.3
766.7
723.1
616.7
b05.6
560.5
408.3

4AX
19.4
44.5

111.4
149.5
233.8
301.7
321,8
!34.0

347.8
326.7
390.0
378.0
398.9
381.7
414.0
403.7
395.7
437.0
477.9
475.1
503.9
515.0
533.0
493.0
448.0

15.5
42.d
99.4

142.6
226.6
269.9
301.d
294.0
347.8
269.6
327.0
322.8
287.0
364.9
369.8
403.7
395.7
388.9
409.7
441.9
335.7
446.0
284.8
346.0
439.0

MEAN
17.4
43.9

106.9
145.2
230.1
284.5
311.7
294.0
347.8
306.7
346.0
352.7
358.3

374.1
388.3
403.7
395.7
411.8
't38.7
458.6
456.5
493.5
475.0
393.1
443.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42415E

Test Date: 12/10/80

Test Type: Forced Reflood (fifth repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.279 MPa (40.4 psia)

872 0 C (1601 0 F), 4C 1.98 m

(78 in.)

2.6 kw/m (0.78 kw/ft)

28.2 mm/sec (1.11 in./sec)

50 0 C (122 0 F)

503°C (494 0 C - 507 0 C)
[937 0 F (921°F - 9450F)]

29.4 mm (1.16 in.)

B. Summary Results:

C. Comments:

A heatup power of 2.6 kw/m (0.78 kw/ft) to a nominal initial clad temperature of

871 0 C (1600 0 F) was utilized; therefore, no power step at initiation of flood.
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ROD/ELEV

FLECAT SEASET 21 RJJ 8UN3LE TtSl SERIES
itUi NJM3Ek42415E

TINITIAL MAXIMuA TEMPERATURE TURNAR0JN) QUENCH
CHA,4. NO AT FLOOD TEMPERAIUKE RISE TIME TEMPKEAIJKE

(DEG F) (DEG F) (DEG F) (SEC34DS) COEG F)

2A
4C
IC

2A

24
5C

20
10

3-
3-
4-
5-

5-
6-
6-
6-

3
3
0
0

7
0
2
4

30 6- 4
43 6- 4
5: 5- 4
5D 6- 4

10
21
20
33

3'
4C
3C

3E

3)
4A

2B

30
5R
2B
2 1

6-
6-
6-
6-

6-

6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

72
75

* B A)
83

86
87
93
94

98
103
110
111

113
* 8 A 0

115
120

1212.
1281.
1400.
1543.

1553.
1433.
1537.
1516.

1455.
1548.
1484.
1533.

1526.
1.520.
1558.
1569.

1583.
1601.

T H E R M 0
1533.

1.564.
1488.
1466.
1492.

1509.
1441.
1401.
1455.

1273.
T H E R M 0

1147.
1445.

1441.
1141.
1033.
1210.

1229.
1293.
976.
765.

1130.
1132.
1039.

902.

998.
579.
846.
715.

556.
660.
337.

1328.
1347.
1601.
1791.

1794.
1734.
1782.
1722.

1852.
1821.
1769.
1711.

1755.
1755.
1814.
1843.

1907.
1892.

0 U P L E D
1777.

1904.
1751.
1654.
1679.

1746.
1630.
1724.
1739.

1500.
C O U P L E 0

1024.
1787.

1737.
1552.
1300.
1666.

1588.
1685.
1423.
1318.

1630.
1553.
1486.
1358.

1431.
1087.
1238.
1068.

771.
1015.
765.

115.
65.

201.
248.

242.
301.
246.
206.

397.
273.
284.
178.

229.
235.
256.
273.

325.
291.

A*
244.

340.
262.
187.
187.

237.
189.
323.
284.

227.
A T A

477.
341.

297.
411.
267.
455.

360.
392.
447.
553.

500.
420.
447.
456.

434.
508.
391.
353.

215.
355.
428.

27.5
16.0
47.5
66.0

66.5
103.0

94.0
94.0

103.0
85.0
)9.0
56.5

94.0
96.0
94.0
83.5

107.0
80.5

104.0

95.0
93.5
45.5
36.5

45.5
45.5
68.0
58.0

46.5

85.5
73.5

69.0
94.0
53.0
93.0

94.5
102.0
95. 5

139.0

94.0
83.5

127.0
1)2.0

99.0
134.0
1D)8. 0
150.0

125.0
136.0
151.0

775.
869.
912.
900.

944.
241.
7ei.
914.

1126.
621.
288.
801.

974.
713.
849.
777.

630.
972.

868.

865.
79b.
753.
736.

777.
717.
787.
816.

870.

706.
861.

820.
774.
753.
780.

794.
747.
b68.
668.

741.
699.
655.
639.

675.
563.
b02.
615.

504.
502.
520.

QdEN&H

TIME
SEZJNmDS)

112.5
107.9
145.2
235.8

287.8
036.0
356.8
320.8

354.0
339.6
361.0
346.7

327.2
384.7
369.1
358.3

373.7
343.2

381.7

399.9
406.0
393.8
406.9

427.9
418.7
446.6
421.4

2E 7-
3A 7-
38 7-
3 B 7-
48 7-

5 ' 7-
IC 8-
2E 5-
30 8-

53 3-
5C 8-
I1 8-
1D 8-

48 8-
5D 8-

30 9-

4C 9-
1010-
4810-
55D10-

0
0
6
6

6
6
6
3

122
124
126
129

133
134
135
136

138
143
145
150

152
157
164
166

168
169
171

418.6

481.4
431.7

438.4
470.7
451.8
474.6

449.9
462.0
500.9
512.7

491.3
478.0
497.5
508.9

488.0

542.8
505.0
414.7

399.8
498.6
449.0

3
0
0
0

2A11- 0
4C11- 0
1D11- 6
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RUN 42415E HEATER ROD STATISTICAL D&TA

IAX TEMP (DEG F)INITIAL TEMP (DEG F) TURiAKOUNs TINE (SEC)

ELEV
12
24
39
48
to

67
70
73
74
75
76
77
78
79
80
El
82
84
90
96

102
ill
120
132
1, 8

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78

19

81
82
84
90
16

102
ill
120
132
138

MAX
692.9
461.7

1281.3
1453.1
1543.5
1614.3
1599.1
1529.6
1552.1
1531.1
1580.9
1569.4
1600.7
1580.7
1564.5
1554.6
1515.4
1528.4
1518.0
1297.8
1443.4
337.6

1387.7
560.2
578.9

NIN
660.2
894.6

1200.4
1382.3
1517.0
1537.6
1542.4
1529.6
1536.5
1498.7
1484.3
1520.3
1496.6
1532.7
1484.2
1554.8
1515.4
L438.7
1147.3
1032.5

765.3
683.1
578.7
467.5
337.4

ME AN
681.5
923.3

1224.4
1411.9
1529.9
1570.8
1575.9
1529.6
1544.3
1516.4
1532.0
1537.6
1549.6
1556.5
1525.9
1554.8
1515.4
1490.8
1371.7
1210.0
1025.4
871.7
778.4
540.3
458.1

MAX
705.6
995.4

1346.7
1636.3
1791.0
1884.7
1704.5
1736.3
1806.7
1743.0
1821.4
1842.9
1907.4
1863.2
1904.0
1922.3
1811.2
1747.5
1811.2
1739.7
1793.2
1453.7
1453.7
1015.0

802.3

MIN
674.1
934.6

1317.3
1551.7
1743.0
1772.0
1842.9
173b.3
1782.1
1708.5
1710.7
1715.1
1723.5
1750.8
1750.8
1922.3
1811.2
1629.7
1499.8
1299.5
1060.4
1059.3
1059.3

708.8
764.9

MEAN
694.8
958.0

1327.d
159b.5
1762.4
1835.0
1854.2
1736.3
1794.4
1724.3
1760.6
1767.9
1805.5
1797.9
1809.0
1922.3
1811.2
1698.5
1687.8
1614.9
1451.1
1279.6
1187.2
824.3
783.6

4AX
6.0

14.5
32.0
47.5
55.)
74.5
73.0
95.5
94.0

104.0
99.0
96.0

127.0
1D4.0
104.0
104.0
102.0
47.5
55.5

102.0
128.0
15).0
154.0
137.0
151.0

MIN
4.5

12.0
16.0
44.5
45.5
52.0
58.0
92.
72.0
56.0
56.5
56.5
68.5
94.0
77.0

104.0
102.0

36.5
46.5
53.0
67.:
72.0
72.0
9o.5

107.0

MEAN
5.5

13.0
25.6
46.5
56.2
63.5
63.5
95.5
83.0
d7.0
83.5
87.3
85.5
94.6
92.6

104.0
102O.

43.4
65.1
89.7
98.5

104.7
119.0
123.6
129.0

TEMP RISE (DEG F) QUENCH TEMP (DEG F) OUENCH T1ME (SEC)

MAX
13.9
40.0

119.0
201.2
247.5
301.3
302.7
206.7
254.6
244.3
284.4
273.5
324.5
282.5
333.5
367.5
295.8
237.0
477.0
455.5
553.1
473.4
518.7
354.8
427.5

MIN
12.7
30.2
65.4

169.4
213.7
217.1
256.8
206.7
245.6
177.4
178.0
193.2
198.1
180.9
222.4
367.5
295.8
186.7
227.0
267.0
292.2
316.1
292.6
214.6
223.4

ME AN
13.3
34.7

103.3
184.6
232.4
264.3
278.3
206.7
250.1
208.0
228.5
230.3
255.9
241.3
283.2
367.5
295.8
207.8
316.0
405.0
425.7
407.9
408.8
284.0
325.5

MAX
529.8
763.4
869 • I
948.7
902.4

1031.1
976.0
82j.4
781.3
989.2
914.3

1074.7
1069.2

918.2
937.9
833.2
876.4
836.8
870o3
b 14.7
8Z5.2
675.3
841 . 5
564.5
533.3

MIM
611.1
751.8
775.0
908.8
890.4
848.1
937.6
825.4
667.7
o73.7
287.7
713.2
630.5
851.5
796.2
833.2
876.4
686.3
705.6
739.4
655.5
551.4
562.8
501.5
520.4

MEAN
622.3
758.2
825.2
923.0
897.7
936.8
955.5
825.4
724.5
832.8
707.6
858.3
880.0
880.6
886.3
833.2
876.4
760.1
804 0
769.4
724.b
616.1
643.6
547.3
526.8

4AX
20.0
45.5

112.9
151.7
235.8
304.7
325.7
300.3
356.8
333.2
379.9
384.7
392.6
384.1
406.0
405.3
396.7
432.9
491.4
481.9
512.7
523.8
542.8
498.6
454.0

17.5
44.0

101.4
144.8
226.9
272.7
305.6
300.3
350.0
285.8
320.8
327.2
302.6
359*b
373.7
405.3
396.7
393.8
418.6
449.9
330.1
457.0
272.8
323.4
449.0

NEAN
18.6
45.0

108.7
147.2
231.7
287.8
315.3
30J.3
353.4
313.7
351.5
356.7
359.3
374.5
389.8
405.3
396.7
412.9
443.4
464.4
461.4
499.6
479.0
407.9
451.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42215F

Test Date: 7/1/81

Test Type: Forced Reflood

Blockage Configurati on:

(second repeat)

21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

F low rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.0 psia)

873 0 C (1603 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

51 0 C (124 0 F)

5040 C (489 0 C - 5090 C)

[939OF (913oV - 948OF)]

4.3 mm (0.17 in.)

B. Summary Results:

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature

at midplane:

-2% with *0.5% oscillations(a)

+0.5% linearly increasing to 1 %(a)

-3.5% to approximately 0% by 250 seconds(a)

a. Relative to run 42915F

K-648



R301ELEV

24 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

FLECHT SEAýET 21 RPJ BUNDLE TEST SERIES
Ruj NUMJEA42215F

TINITIAL MAXIMJI• EMPEKATURE TJR4AROJ43 OUENmH
CHA4. NO AT FLOUD TEMPERATUKE RISE TIME TEMPREATIURE

(DEG F) (DEG F) (JEG F) tSECJdOS) (DEG F)

5-
6-
6-
6-

6-
6-
6-
6-

30
48
50
1I

2A b-

38 6-
3C 6-

3E 6-
4C 6-
5C 6-
3D 6-

3C 6-
44 6-
IC 7-
28 7-

3D 7-
58 7-
231 7-
2C 7-

2E 7-
3A 7-
39 7-
49 7-

5C 7-
ic 8-

30 8-

55 8-
1C s-

2C 8-
43 8-
5D 8-
30 9-

4C 9-
1110-
4910-
5010-

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6
7

8
8

0
0

5
b
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
76

85

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1169.
1249.
1374.
1505.

1536.
1446.
1488.
1470.

1485.
1548.
1478.
1465.

1464.
1524.
1557.
1544.

1476.
1580.
1531.
1569.

1584.
1430.
1476.
1506.

1544.
1371.
1445.
1441.

1250.
1448.
1503.
1471.

1434.
1227.
1073.
1322.

1211.
1312.
1013.

860.

1123.
1173.
1052.

924.

1023.
629.
880.
740.

1331.
1371.
l545.
1803.

1784.
1714.
1692.
1680.

1832.
1733.
1661.
1692.

1698.
1732.
1802.
1852.

1737.
1812.
1734.
1838.

1871.
1696.
1679.
1688.

1730.
1574.
1721.
1745.

1510.
16 4.
177•5.
,. 734.

1685.
1572.
1397.
1691.

1496.
1624.
1387.
1155.

1567.
1526.
1366.
1361.

1424.
1079.
1266.
1122.

162.
122.
171.
298.

249.
268.
204.
210.

347.
185.
184.
227.

234.
207.
245.
308.

261.
232.
203.
2b9.

287.

203.
181.

185.
204.
275.
304.

266.
202.

272.
2o3.

Z51.
345.
324.
369.

284.
312.
374.
295.

444.
353.
314.
437.

401.
450.
386.
38 3.

0
0
6
6

6
6
6
6

36.5
34.0
44.0
55.0

50. 5

82.0
67.0
64.5

82.0
37.0
46.0
51.5

64.5
64.5
64.0
66.5

92.0
48.0
46.5
55. 5

67.0
57.0
36.5
36.5

35.5
37.5
49.5
52.0

42.5
47.0
47.0
48.5

62.0
82.5
65.0
57.0

68.0
81.5
64.5
48.0

72.0
55.0
5q. 5
40.0

90.5
140.0
106.0
126.0

123.0
123.0

854.
805.
924.
918.

943.
265.
778.
999.

233.
820.
755.
992.

892.
622.
557.

1127.

1104.
776.
853.
793.

9o4.
960.

731.

699.
o68.
870.
911.

756.
858.
8$24.
819.

810.
757.
720.
842.

679.
744.
617.
633.

755.
651.
613.
684.

650.
684.
J91.
682.

dUE PCI

(SEJINOS)

105.1
100.9
152. 5
223.5

271.8
574.0
330.7
307.4

675.0
348.3
367.0
317.8

279.4
344.6
361.0
332.4

3s 5. 3
360.9
376.7
382.0

355.2
354.7
420.0
401.0

402.0
418.7
422.9
408.9

424.3
417.9
427.6
426.4

436.8
462.0
451.6

441.9

455.8
468.9
4d5. 6
460.0

463.6
490.0
487.8
479.0

489.0
480.0
511.0
450.9

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

2411- 0
4C11- 0
ID11- 6

171
172

* '8 A 3

539.
676.

T H E R M 3

774. 235.
1037. 361.

COUPLE DATA*

557.
515.

414.9
508.0

K-649



RU4 42215F HEATER RJu STATISTICAL DATA

iqAX TEMP (DEG F)14ITIAL TEMP (DEG F) TJR.4AROUNO TIME (SEC)

0n

CD

ELEV
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
Co

96
11'2
111
120
1 32
138

ELEV
12
24
?9
48
60
67
70
71
72
73
74
75
16

77
78
-9
80
81
84
CIO
96

1 02.
111
1 20
132
138

MAX
594 . 6
915.4

1249.2
1444.3
1505.0
1600.5
1602.7
1549.2
1457.2
1441.1
1480.3
1493.7
1548.2
1556.8
1580.5
1575.7
1584.3
1497.4
1544.3
1503.3
1361. 6
1176.2
1023.0

879.7
676.1
612.4

MIN
654.6
915.4

1144.6
1328.7
1434.2
1497.4
1390.0
1503.9
1355.4
1380.6
1372.7
1392.1
1418.1
1464.2
1461.6
1447.2
1430.4
1497.4
1370.6
1176.1
1073.0

805.8
824.8
629.2
486.6
594.5

ME AN
674.6
915.4

1187.7
1381.7
1457.8
1555.8
1459.7
1526.6
1406.3
1410.8
1447.0
1451.4
1481.6
150C.5
1516.3
1515.8
1505.5
1497.4
1477.6
1408.1
1267.0
1049.9
933.0
771.9
556.5
803.4

716.0
952.2

1370.8
1610.1
1603.3
1879. 1
1866.6
1837.2
1798.8
1732 . 2
1785.4
181b.0
1b31.6
1802.2
1851.9
1838.4
1871.1
1747.5
1743.0
1767.6
1738.6
1576.5
126.9
1297.4
1036.7
1006.8

676.3
452.2

1288.0
1496.6
1664.6
1764.2
1607.9
1773.1
1645.0
1687.5
1662.5
1635-.2
1i45.0
1657.0
lo,8? . 7
la 5 . 2
1096.3
1747.5
1574.4
1516.0
1397.0
1083.0
1131.8
1078.9
077.3
837.5

MEAx
697.1
952.2

1329.9
1543.6
1714.8
1811.9
1697.9
1805.1
1721.9
1711.3
1729 . 8
1719.t
1724-3
1730.1
1747.8
1756.4
1785.8
1747.5
1680.3
16b1 .8
1606.1
1398.4
1275.3
1180.7
826.2
922.1

8.0
12.0
37.0
44.5
65.0
62.5
63.5
62.0
97.0
83.5
95.5
84.5
94.0
92.0
92 . 0
94.5
82.0
67.0
37.5
65.5
82.5
82.5
94.0

140.0
130.0
126.0

7.0
12.u
34.0
37.5
51 . 0
47.j
4d - 5
49.0
70.
64
63 .*

50.536.5

46.,
47.0
65.3
67.0
35.,

42 .
65.0
42.0
63.0
90.0
75.0

124.0

ME 4
7.5

12.0
35.6
40.9
57.8
53.5
52.8
55.5
83.8
76.5
75.6
7o.8
64.8
72.4
59.3
65.0
70.6
67.0
36.5
51.7
70.6
62.0
76.8

114.3
112.8
125.0

TEMP RISE (DEG F) QUENCH TEMP (DEG F) QJENCH TIME tSEC)

'AX
23.7
36.8

161.5
170.9
298.3
278.6
282.3
287.9
341.6
306.9
315.3
350.1
346.5
312.6
307.6
282.6
291.5

250.1
226.4
339.9
377.0
443.7
437.3
449.7
360.6
394.4

MIN
21.4
36.8

121.6
143.1
230.4
236.1
195.1
269.2
289.6
294.1
267.3
191.4
152.2
187.4
191.9
212.0
250.5
250.1
181.0
201.8
284.4
277.2
265.8
367.7
190.7
243.0

ME AN
22.6
36.8

142.2
161.9
257.0
256.0
238.3
278.6
315.6
300.5
282.9
268.2
242.7
229.6
231.5
240.6
280.3
250.1
202.6
273.7
339.1
348.6
342.3
408.8
269.8
318.7

MAX
655.4
769. 6
884.4•

924 *4
917.6

1032.9
961.9

1031.3
1156. 8
1091. 7
105. j
1294.2
1291.5
1199.7
1157.2
1099.6

963.8
862.4

814.5
922.5
863. 6
754.8
719.2
683.7
579.8
577.0

AIN
636.1
769.6
853.8
8,9.2
616.0
920.2
261.9
284.5
252.2
283.4
235.0
238.2
232.8
j)6.5
756.6
793.2
81d5.7
80b.4
668.3
093.1
678-8
577.4
526.1
590.8
285.6
520.2

MEAN
645.8
769.6
867.6
905.3
851.0
97,.9
529.9
657.9
704.5
687.5
562.1
529.0
715.8
845.2
926,5
893.0
896.1
862.4
733.7
831.9
783.3

646.6
647.b
640.0

484*3
548.b

4AX
17.5
45.0

105.1
152.5
233.7
286.5
610.0
580.0
531.0
595.0
670.0
$62.0
675.0
38?.0
385.9
397.9
450.6
380.6
420.0
436.8
468.9
495.9
493.9
511.0
508.0
515.6

17.4
45.0

100.9
139.d
223.5
270.8
291.8
302.7
311.2
309.9
319.8
209.7
307.4
279.4
291.5
341.4
354.7
380.o
383.5
407.3
434.2

460.0
386.5
450.9
157.0
474.0

MEAN
17.4
45.0

103.4
145.9
230.3
277.7
449.7
441.4
471.1
452.5
494.1
471.4
428.0
342.9
354.6
372.2
376.7
360.6
402.0
421.5
449.7
#77.8
456.0
490.4
387.5
494.8



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 42915F

T est D ate: 7/9/81

Test Type: Forced Reflood (third repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.1 psia)

878 0 C (16130 F), 3C 1.78 m

(70 in.)

2.55 kw/m (0.777 kw/ft)

28.2 mm/sec (1.11 in./sec)

49 0 C (120 0 F)

523 0 C (506 0 C - 533 0 c)

[974oF (943ow - 9910F)]

37.3 mm (1.47 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature

at midplane:

+1% increasing to +1.5% with ±0.5% steps(a)

0% linearly increasing to -0.75%(a)

+3.75% decreasing to 2.5% by 250 seconds(a)

a. Relative to run 41807F

K-651



ROWfELEV

FLECHT SEASEF 21 RJJ BUNJLE TEST
RUm NU4aE0'2915F

TI4ITIAL MAXIMuh TEMPERAIUKE
CHAq. NO AT FLOOD TENPERATUIE 41SE

(DEG F) (DEG F) (OEG F)

SERIES

TURIAROJID QUENCH
TIE TEMPREATDRE
(SE:oIDS) (DEG F)

24
4C
2C
2A

3-
3-
4-
5-

3
3
0
0

2A 5- 7
5C 6- 2
2D 6- 3
10 6- 4

3D
43
50
1D

6-
6-
6-
6-

4
4

4
5

2A 6- 5
20 6- 5
31 6- 5
3C 6- 6

31 P,- 6
4C 6- 6
5C 6- 6
31 6- 7

3C 6- 8
4A 6- 8
IC 7- 0
21 7- 0

3D 7- 0
5R 7- 0
28 7- 6
2C 7- 6

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

70
73
76
85

93
95
109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

171
172

*8 A A

1140.
1240.
1369.
1493.

1534.
1450.
1499.
1485.

1497.
1551.
1485.
1481.

1473.
1533.
1565.
1556.

1486.
1587.
1538.
1581.

1596.
1447.
1493.
1517.

1557.
1403.
1473.
1493.

1311.
1450.
1520.
1483.

1440.
1263.
1082.
1334.

1229.
1307.
1039.

913.

1166.
1181.
1103.

922.

1016.
604.
874.
732.

535.
676.

THERMO

1254. 113.
1305. 65.
1I26. 157.
1700. ZU7.

1780. 246.
1697. 247.
168v. 181.
1006. Ibl.

1809. 312.
171. 165.
1640. 155.
1680. 198.

1066. 193.
1729. 195.
1771. 206.
18 37. 281.

1726. 241.
1791. 204.
1730. 192.
1827. 246.

18D2. 256.
lo87. 239.
1677. 184.
1063. 146.

1717. 160.
1595. 192.
1712. 239.
i744. 251.

1556. 245.
1625. 175.
1761. 241.
1703. 220.

1677. 237.
1590. 326.
1392. 310.
1698. 365.

147z. 243.
1619. 312.
1390. 350.
1176. 2b4.

15t6. 400.
1521. 340.
1428. 325.
1340. 418.

1431. 415.
1024. 4Z0.
1311. 437.
1086. 354.

802. 268.
1070. 394.

C O U P L E 0 A TI A

29.0
18.5
42.5
54.5

06.596. 5

43.5
84.5

63.5
42.5
42.5
62.5

48.0
54.5
56.0
62.0

3 2.15
53. 5
43. 5
56.0

54.5
54.5
42.5
21.5

29.0
42..5
44.0
43.5

49.5
42.5
44.0
41. 5

55.5
62.0
50.5
67. 5

92.0
88.0
58.0
44.0

65.5
62.0
58.0
90.5

88.5
131.0
113.0
115.0

138.0
117.0

811.
867.
927.
d17.

927.
282.
852.

1059.

236.
846.
857.

1017.

954.
928.
676.

1257.

1037.
819.
8Z5.
762.

990.
91b.
719.
708.

667.
741.
828.
873.

8u4.
881.
837.
749.

772.
771.
734.
828.

739.
750.
610.
650.

762.
636.
65?.
C50.

622.
683.
578.
686.

701.
513.

jUE NC H

( ECONDS)

99.3
94.9

144.3
213.1

262.8

536.0
298.8
276.8

623.0
331.3
325.8
287.8

259.8
311.8
334.0
309.5

327.4
337.5
353.2
366.0

328.8
356.8
385.0
379.3

385.0
368.9
399.5
384.0

385.6
385.6
397.5
404.8

412.7
430.0
407.9
418.0

417.7
443.8
455.0
427.0

436.0
467.0
453.2
453.5

470.0
410.3
485.0
428.8

166.6
479.3

2E 7-
3A 7-
34 7-
48 7-

5C 7-
iC 8-
2E 8-
3D 9-

58 3-
5C 8-
IC 9-
10 8-

2: 9-
45 8-
5D 8-
3D 9-

4C 9-
1010-
4810-
5D10-

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

2411- 0
4C11- 0
1011- 6

K-652



RUN 42915F HEAiER KOD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TEMP (DEG F) TJR4AROUND TIME (SEC)

ELEV
12
24
39
48
60
f7

71
12

73
74
15

76
77
78
79
80
81
84
;0

96
102
ill
1?0
1 22

0*' 138U,
U,

MAX MIN MEAN
727.4 678.3 702.8
911.5 911.5 911.5

1239.8 1140.2 1175.1
1441.4 1328.0 1378.5
1492.8 1427.5 1454.7
1599.8 1498.6 1555.8
1513.2 1405.8 1478.7
1558.0 1512.2 1535.1
1467.1 1367.5 1417.3
1455.7 1401.1 1428.4
1497.1 1381.1 1458.3
1508.7 1399.3 1462.1
1551.1 1430.0 1490.0
1564.8 1472.9 1510.5
1587.5 1472.9 1525.4
1586.4 1447.9 1525.3
1596.1 1447.5 1520.2
1511.1 1511.1 1511.1
1557.2 1403.2 1493.7
1522.6 1310.9 1445.1
1377.6 1081.5 1277.6
1194.6 805.9 1079.5
1316.3 837.7 932.1
973.9 604.2 758.4
675.8 472.4 546.6
621.0 602.5 611.7

TEMP IISE (DEG F)

MAX MIN MEAN
11.6 9.4 10.5
25.2 25.2 25.2

132.5 65.0 103.6
157.1 132.5 147.8
?41.5 206.7 219.0
255.5 216.7 236.8
238.1 179.9 210.7
252.1 252.0 252.0
307.2 261.1 284.2
274.4 262.8 268.6
276.4 229.2 250.7
320.2 163.8 236.5
312.3 149.9 218.0
286.1 165.8 202.1
281.1 169.1 206.2
254.5 189.5 219.9
263.7 231.6 249.2
223.0 223.0 223.0
208.4 146.0 175.8
300.7 175.0 238.5
364.8 228.8 317.2
400.2 263.5 325.8
426.5 269.3 368.2
441.9 354.3 410.9
393.8 211.2 296.5
418.8 270.2 344.5

MAX KIN MEAN
736.8 689.9 713.3
936.7 936.7 936.7

1304.8 1253.6 1278.7
1587.3 1483.7 1526.3
1699.5 1636.3 1673.7
1855.3 173).2 1792.5
1847.4 161b.7 1689.3
1810.1 1764.2 1787.1
1774.3 1628.7 1701.5
1718.5 1675.5 1697.0
1765.3 1640.7 1709.0
1804.4 1617.8 1698.b
1809.0 1029.7 1708.u
17d4.3 1649.4 1712.b
1837.2 1675.5 1731.o
1827.0 1046.1 1745.2
1851.9 1686.5 1769.4

1734.1 1734.1 1734.1
1718.5 1594.9 1669.5
1783.2 155b.0 1683.5
1731.9 1391.8 1594.8
1565.7 1103.7 1405.3
1431.2 1148.4 1300.3

1311.0 102'.3 1169.3
1069.6 683.6 843.1
1039.8 872.7 956.2

QUEMCH TEMP (DEG F)

MAX MIN MEAN
060.4 642.4 651.4
771.4 771.4 771.4
867.3 811.1 837.1
930.7 903.6 920.8
817.0 600.4 808.4
999.1 794.3 932.0
983.2 282.6 531.3
947.0 284.5 615.8

1208.9 1115.5 1162.2

284.5 282.3 283.4
1341.4 238.2 773.6
1294.5 233.9 759.8
1092.2 236.1 655.0
1211.0 676.1 900.3
1257.0 81o.4 937.5
1153.5 761.7 927.3

989.8 821.0 916.5
855.3 855.3 655.3
800.1 666.7 737.3
o85.8 748.8 827.1
880.4 724.5 787.9
762.1 J79.6 642.6
758.7 548.2 645.2
686.2 578.1 640.4
701.0 Z81.3 520.9
580.2 53U.0 555.1

MAX
5.0
9.5

30.3
45.5
57.5
53.5
50.5
54.5
69.0
85.5
86.5
93.0
87.0
81.0
32.5
88.0
74.5
5ý.0
42.5
55.5
92.0
93.5

L17.0
131.0
120.0
123.0

MIN
4.5
9.5

18.5
40.5
4o.0

41.5
50.5
52.5
61.0
53.0
43.5
42.5
48.0
42.5
43.j
50.0
54.0
21.5
41.5
56.0
44.0
66.5
95.0
103.0
113.0

MEAN
4.8
9.5

25.8
42.9

52.7
51.7
45.5
52.5
60.8
73.3
67.6
62.2
62.1
60.6
53.5
57.6
57.4
54.0
34.4
47.5
66.8
64,7
91.3

111.3
112.0
118.0

FLEV
12
24
39.18

60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
Izo
132
138

QUENCH TIME (SEC)

4AX MIA MEAN
15.5 14.8 15.2
41-4 41.4 41.4
99.4 9".9 97.9

144.3 133.8 138.5
?24.9 213.1 220.4
277.8 261.8 268.5
552.0 277.6 418.3
541.0 294.6 417.8
?94.2 270.5 282.4
547.0 537.0 542.0
612.0 241.6 400.6
626.0 202.4 367.3
623.0 276.8 418.0
335.0 259.8 310.9
353.2 271.6 330.5
365.0 298.5 339.8
370.9 328.8 350.8
355.6 355.6 355.6
385.0 350.9 375.2
412.7 379.9 394.2
443.8 406.1 421.1
470.2 427.0 447.4
470.0 342.0 424.6
485.0 410.3 454.2
479.3 160.0 311.1
481.0 435.0 458.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43915F

T est D ate: 7/20/81

Test Type: Forced Reflood (fourth repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

8780 C (1613 0 F), 3C 1.78 m

(70 in.)

2.56 kw/m (0.778 kw/ft)

28 mm/sec (1.1 in./sec)

50 0 C (122 0 F)

527 0 C (510 0 C - 536 0C)

[980°F (950°F - 9970F)]

40.1 mm (1.58 in.)

B. Summary Results

C. Comments:

K-654



RODIELEV

FLECHT SEAiET 21 RJD BUNDLE TEST SERIES
KU4 NJM8EA43915F

TINITIAL PlAXIMud TENPEAATURE TUR4A4O4J3 QUENCH
CHAI. NO AT FLOOD TEMPERATURE RISE TIME TEhIPREATURE

(DEG F) (DEG F) (JEG F) (SE:OIDS) (OEG F)

3
3
0
0

7
2
3
4

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

4
4
4
5

5
5
5
6

6
6
6
7

8
8
0
0

70
73

* B A3
85

0
0
6
6

5c
ic
2E
30

58
5C:
Sc1C

10

2C
44
5D
30

6
6
6
6

6
0
0
0

0

0
6
6

6
6
6

3

3
0
0
0

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1185.
1281.
1407.
1482.

1530.
1449.
1504.
1491.

1497.
1559.
1489.
1481.

1487.
1536.
1574.
1564.

1483.
1599.

T H E R N 0
1585.

1599.
1455.
1486.
1520.

1551.
L412.
1465.
1475.

1286.
1451.
1517.
1478.

1436.
1221.
1064.
1324.

1258.
1302.
1011.

850.

1147.
1166.
1082.

918.

1016.
616.
856.
747.

537.
671.

THE RMa

l287.
1339.
1555.
1661.

1755.
1668.
1655.
1633.

1781.
1691.
1653.
1642.

1642.
1700.
1751.
1836.

1705.
1777.

C 0 U P L E 0
1811.

1828.
1064.
1652.
1645.

1677.
1598.
1682.
1712.

1534.
1617.
1742.
1695.

1683.
1560.
1393.
1072.

1478.
1592.
1382.
123.

1544.
1487.
1418.
1354.

1416.
995.
1261.
1136.

102.
58.

148.
179.

22b.
219.
151.
142.

284.
132.
164.
161.

154.
163.
177.
272.

222.
178.

ATA*
227.

229.
208.
165.
125.

125.
186.
217.
237.

248.
lo6.
ZZ 5.
217.

247.
339.
329.
348.

220.
289.
371.
273.

397.
321.
337.
436.

401.
379.
404.
389.

23.0
14.5
44.0
43.5

52.5
88.0
44.5
55.0

64.0
32.5
44.5
55.0

45.0
44.5
45.5
64.5

65.0
45.0

55.0

55.5
52.5
44.0
17.5

23. 5
44.5
44.5
45.0

47.5
46.5
44.5
45.5

55.0
63.5
63.0
54.0

50.5
66.0
53.0
46.0

64.0
64.0
39.5
39.5

88.5
120.0
115.0
117.0

140.0
119.0

780.
870.
953.
804.

986.
1008.

794.
977.

234.
8Z1.

1020.
1017.

991.
835.
650.
537.

1109.
812.

773.

912.
905.
780.
725.

698.
740.
824.
900.

867.
883.
880.
778.

793.
761.
731.
826.

762.
757.
602.
691.

778.
642.
608.
675.

633.
703.
581.
713.

4UENCH
T IME

(SECONDS)

105.7
101.6
151.9
224.9

272.8
322.9
306.9
275.0

624.0
335.2
286.9
28Z.4

209.3
317.6
319.0
308.7

303.1
340.9

346.0

308.7
348.5
368.0
373.0

371.0
376.6
396.0
376.9

378.7
369.8
387.0
406.9

414-8
422.0
407.0
410.6

425.6
441.9
446.3
394.3

423.8
469.7
444.0
448.0

469.9
416.5
491.0
428.6

4C 1-
1010-
4810-
5010-

21ll- 0
4C11- 0
1DI1- 6

171
172

*8AA3

873. 336.
1080. 409.

C O U P L E U A T A

574.
528.

435.7
481.0

K-655



RUN 43915F HEATER ROD NTATiSTICAL DATA

MAX TEMP (DEG F)INITIAL TEMP (DEG F) 'JRNAiOUND rTIM (SEC)

ul
ON

ELEV
12
24
*9
48
60

",0
71
.2
,3

74
75
76
77
78
79
10
El
84
qO
96

102
111

1 32
1 38

ELEV
12
24
39

48
f0

67
70

72
73
74
75
,6

77
78
79
82
81
84
9)0
.;6

1 (2
1. 11
120
132
138

IAX
784.8
970.0

1281.2
1484.2
1482.1
1599.9
1613.2
1555.4
1461.9
1455.3
1500.2
1512.2
1558.7
1573.8
1598.6
1593. 2
1598.8
1505.6
1551. 3
1516.7
1371.3
1175.9
1315.5

85 f.4
571.2
523.7

AIN
784.8
970.0

1185.1
1355.4
1452.1
1490.7
1379.5
1511.1
1365.9
1407.1
1363.8
1409.1
1430.5
1480.9
1478.0
1435.7
1455.1
1505.6
1412.4
1286.2
1064.0

796.6
796.4
616.4
489.6
599 .7

MEA4
784.8
970.0

1226.9
1412.8
1464.6
1552.3
1473.7
1533.3
1413.9
1431.2
1458.4
1467.9
1494.5
1516.6
1530.7
1528.5
1515.4
1505.6
1492.5
1433.9
1272.0
1053.2
903.2
757.1
553.5
610.2

MAX
793.0
992. 3

1339. 4
1622.1
1685.4
1838.4
1839.5
1789.9
1757.5
1674.5
1753.1
1791.0
1791.0
1760.9
1836.1
1811.2
1628. 2
1726.3
1684.3
1760.9
1716.3
1544. 1
1416.2
1276.6
1080.0
1035.6

MIN
793.0
992.3

1287.0
1496.6
1659.2
1693.0
1591.7
1735.2
1602.5
1629.7
1627.6
1584.1
1613.4
1606.8
1653.7
1634.1
1663. 6
1726.3
1598.1
1534.4
1392.8
1123.4
1100.6

495.4
727.5
d86.1

MEAN
793.0
992.3

1320.5
1555.8
1668.7
1770.4
1663.7
1762.5
1660.0
1652.1
1691.6
1673.5
1689.3
1684.9
1716.2
1728.1
1742.0
1726.3
1643.7
1663.8
1574.7
1388.2
1265.0
1153.2
894.4
900.8

NAX
4.0

10.5
25.0
48.0
55.5
55.5
45.5
54.5
68.0
73.0
98.0
91.0
84.0
68.0
65.0
58.0
63.0
54.5
45.0
55.0
66.0
89.5

125.0
LZO.0
140.0
123.3

Alm
4.0

10.5
14.5
33.5
43.5
45.0
44.5
45.0
63.0
56.0
47.0
44.5
32.j
44.5
44.5
4ý.5

52.5
54.5
17.5
43.5
34.5
46.0
72.0
97.0

100.0
123.0

MEAN
4.0

10.5
20.8
42.5
48.0
50.5
45.1
49.7
65.5
64.566.468.4,

56.0
56.0
50.1
50.7
52.3
56.6
54.5
31.4
47.2
58.6
62.2
94.2

110.7
123.3
123.0

TEAP 41SE (DEG F) QUENCH TEMP (DEG F) QUENCH TiME (SEC)

4AX
8.2

2 2. 3
120.8
147.9
225.8
238.5
226.3
234.5
295.6
222.6
263.7
299g.3
283.8
259.3
272.0
233.1
?42.1
220.7
185.7
300.1
354.8
410.8
436.4
421.3
408.8
414.8

MIN
8.2

22.3
58.2

137.9
179.3
202.3
155.8
224.1
236.6
219.2
210.8
125.6
131.7
122.6
151.7
171.4
208.4
220.7
125.3
165.8
172.9
273.0
220.3
364.5
237.9
286.3

MEAN
8.2

22.3
93.6
142.9
204.0
218.1
190.0
229.3
266.1
220.9
233.2
205.6
194.7
168.3
185.5
199.5
226.7
220.7
151.2
229.9
302.7
335.0
361.8
396.1
341.0
350.6

MAX
.697.5
788.2
869.6
9j3. 4
803.7
1044. 3
1165.6
1154.2
1176.0
1315.0
1029.4
1204.7
i376.7
1209.6

1108.8
1123.4

924. 4
967.6
b21.2
960.6
923.4
778. 2
702.7
712.6
573.8
584.4

MIN
697. 5
788.2
780.1
8:41.5
794.2
812.1
261.3
971.2

1070.7
473.0
246.8
236.1
233.9
649.7
537.4
603.5
d 60.7
967.6
697.5
744.4
730.6
i70.6
j37.4
581.2
524.7
554.6

MEAN
697.5
788.Z
816.7
913.2
799-7
967.8
750.5

1062.7
1123.3
1144.0
617.3
745.4
812.1
883.4
900.6
882.6
898.8
967.6
760.4
840.7
796.1
654.8
612.3
665.7
542.1
569.5

iAX
17.0
45.4

108.1
151.9
?34.8
?81.8
538.0
?98.8
298.4
295.4

591.0
518.0
524.0
338.0
347.3
357.9
353.2
330.8
379.5
414.8

470.0
469.9
481.0
481.0
482.0

AIN
17.0
45.4

101.6
143.9
224.9
268.9
267.2
294.5
283.5
226.7
312.3
182.9
256.6
209.3
218.5
273.7
308.7
330.5
334.0
362.3
392.0
394.3
407.0
41o.5
400.0
458.0

MEAN
17.0
45.4

105.1
147.3
230.7
276.5
351.6
296.7
291.0
261.6
418.6
353.5
365.2
300.1
316.8
330.4
341.7
330.8
364.5
390.2
416.5
438.0
445.5
452.9
448.4
470.0



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44015F

Test Date: 7/30/81

Test Type: Forced Reflood (fifth repeat)

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.278 MPa (40.3 psia)

875 0 C (1608 0 F), 3C 1.78 m

(70 in.)

2.6 kw/m (0.78 kw/ft)

28 mm/sec (1.1 in./sec)

48 0 C (119 0 F)

529 0 C (515 0 C - 537 0 C)

[984OF (959 0 F - 998OF)j

36.8 mm (1.45 in.)

B. Summary Results

C. Comments:

Inlet mass flow:

Total power:

Housing

temperature at

mi dpI ane:

+0.5%(a)

+0.2% linearly increasing to +0.8%(a)

approximately 0% for 150 seconds and increasing to -4% by

250 seconds(a)

a. Relative to run 43915F

K-657



FLo•IT SEASET 21 RL0 3JNrfLE TFST PP TES
ZU:i sUlbER44V1 5E

M.ýXrU•Au T Mr ERATI)RE TURNIQ
g]3q/ELFV I oI I!A L

L. H A14. irtu I &LL..1
)c3G ,-

1UND Q Lc 11. IH

U TE,.eEKAIUkt
(iJEG :)

kI(E
(DEC F

TV4F T EkREATU E
I S F 014D S) ( 0 t F j

2 1

4:

:,.
5 C

2 )
I1)

7-

7-

-7-

5-

7

2
3

I

12

14

,6
.4i2.

1733.

1" '7.

i4 b :.

--3 .
D 10 0.

1255
131'.

loS97
1753.

Jo 7.

i:470

3:039

179•,

j 31

1755

1ý43.

64.

i75.

222.
?26.
169.
154.

143.

169.

147.

173.
loo.3.1

31

7',
73

7 u
73

3 A

7.-
44
1^Z
23

31j

Si'
7.

7-
7;

J9. 1

7-

7-7-

(.
1;

7-.

.4b3.

.595.

•41.7.

15 0 13

i'.73.

•q.7.

46b4.
.278.

.,;70.

o76.

i057.
59r..
882.
700.

1717.
.753

1) ? L E L) A

1671
1673.

.7,2.
IoiS

1724.
175 .

1o',6.

1777
7•71.

1713.

1705 .

1538.
161Ž5
14i1.

1577.
iJ14.
14-. .
1379 .

1440 .
1062 .
1272.
1189.

735.
188.

233.

214.
164.
137.

139).
183.
218.
?26.

j6.

227.
214.

249.
323.
312.
335.

215.
284.
361.
300.

395.
?97.
328.
431.

383.
464.
39f,.
423.

28.3

41t5

w3.0
7't.. 5
42.0
49.0

61.1
403.5

41.5
49 *

49.5
4Z.0

59.5
42.0

53.5

49.5
49.3
4n. 0

21.0

26.5
41. 5

42.0
42.0

41.5

42.5

5q.0
59.5
54. 5
58.n

43.D
74.3
61.5

62.3
59.31
84.3
87.0

85.0
159.0
96.0

112.0

138.0
112.0

7.

5

L:

'1--

3-

773.

983.

961.

79a..
'.75.

435.
L31.

•CL 3.

'p12.

TIME
(3ECONDS)

98.3
94.8

142.8
2i4.L

261.6

289.4
2ca.C

32?.6

b65.6

31)3.6
370. i

v b .326* .1

32
,..33

14.6

L4

L6t
-.45

*.59

1.64

ie8
lb9

1o0.
689.
713.
72a.

75.
ba.¢.

oo.o

771.

813.
7:3.

656.

768.
75,1.

77b.

586.
71G.

5t9.
528.

3ci.2
320.C

313.

2 9,t. 1,
333.6
363.6
361.C

545. 5
362. 3

363.8

3:3.6

3SO.C.
3 76 . C
394.3

399.8
415.5
3 2L2 .
393.C

4.34 . 7

4.14. C
4,37.6
42'., I

434.0

458.9
391.8
479.C

421.C
470.C

45: -

481)-
50 115 -

c

v

2111- c.
4:11- C
IDl1- b

1.71
172

' 3 A u

!42.
6Y14.

874.
1089.

332.
395.

TrI d R M C C J U P L E 0 A T A 41
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kii 44015F HEATER PJD ITATISTICAL DATA

INITIAL TEsie (0DG F) MAX TEMP (DEG F) TUPNARLuNU TIME (SECj

I

i-n

EL S w
12
24
39
48

72
7,
7z
73

7,7 c

77
7b
79
83
8,_

9 j

102

i2_
i3z
138

EL E %
12
2,,
39
40
6 Q
67
70
71
72
7j
74
75
7o

77
76
79
80
dl
84
90
96

102
11~1
120
132
138

MA A

124q 9

Lo 7•L.461 5

i44o 9

1594 .9

0o03 .5

1 * 5

0 di
1222.•

o94 o 1
030 .2

v L0

.44?7 6

i7z° 3.49.. * 2

'.277.3

1401 '

1Ž4 . 7

,4r 9

'.440 7

79 7 L
837.1-

4o,,. 7

MEAN
7 11 . v
919.0

!-,94.7

348 d; . o

1463.7
15 j3 . 0
3407.0

j. 5 27 
i3

2 25.3
. .3

4.41'.d?.3

1515.5
1512.2

1330.8

!4;b 7 .5
9513.3
784.8
124.*
t;29.4*

1~AA
758.7
944.9

1314.2
lo00 .8
1o75 .5

1837.2
i638 . 4
1797.7
1757.5
±o84.3

1753.1
17)6 . 6
1794.3

1642.9
182 . 3
±832.7

1737.4
1712.9
i7Qc . b
1753 .1
1575 .5
1439.8
1292.2
1089.2
1J47 .0

b96.?
944.9

1265 . I
1477.1
165 7.3
Io 89. 7
1593.8
1730.3
1594.9
1634.1
1031 .
1 5,7.3
l188.8
I014.5
1061,4
1 64 .9*
1671 ,2
1737.4

1574.4
1435.5

1121.4
1062.4
749.3
89,0.6

4E44
727.4
944.0

1296.4
1538.?
1664.6

1658.8

1767,3
1576.2
1659.7
1694.2

1592.9
1599. 6
1722.9
1734.2
1751.3
1737.4

1705.P
1611.4
1413.6
1288.9
119t.3

903 .2
Q71 3

AAX
5.0

2-8.0

49.2
50.0

52.0
51.5
50.0
63.'3

62.3
77.0

75.5

62.5
61.5

49.5
42.5

74.3
9 4. 0

108.0
159.0
138.'N
118.0

MIN

16.1)

41.5

42.t

49.5

:;4 C1
4±.

41,'
41.1

42.5
49.2
241i

53.,
45.
53.D

117.0

MEAN
4.t

23.7

44.7
45.8
48.L
44.8
s9.3

54. 6
5ý.2
4t.3

46.9
51,4

49.2
33.0
46.•

54.G
27.6
6C.1
lO.3

125.0
±17.5

TEMP 6 ( Fl -) OUENCH TES'I (DEG F) 'O{ticCH tIj.RE (SEC)

12.o
25.3

±3'L. 5
i57.3
413.6
2 s6 .b
230 b
249.2
301 . i

235.4
Z272 .*
300.5

3uu .4
260. 8
281 •
238.9
244. i
l21.9
187.9
457.6
353 .
39'.. 9

399.3
4,t. . 8

6•.3

2:,. *3

15,i 4

234.4

?19 9'

103.6

230.0
239 .7

23/.3

2'e9 . 94.30.3

ibo . I

34Y . 7

22±.*9

1±7.3

ZO.1
159.3
275.2

477.0

MEAN
lu .4
22.3

iCh .8
113.2
200.9
216.7
2c1.8
239.9
273.2
233.9
243.7
217.2
2135 .5
177.2
194.4

225 .'
22i.9
158.5
224.3
294.7
32o.1
328.t
406.5
348.7
343,9

.AA
573.7
774.5

80.0

948.5
d12.0

1325.5
1165.9
1133.0
1225.3
1329.8
979.9

1299.1
1388.5
1243.9
1131.8
1155.5

959.9
891.4
837.5
965.2
928.8
777.7
705.2
728.8
508.5
652.0

o47.5
774.5
773.2
815.6
798.9
779.5
284.5
925.5

1149.9
283.4
244.7
238.2
235.-
647.3
511.1
631.3

71.6
891.4
724.4
748.1
743.8
573.)
558.8
585.6
527.8
553.6

m

774.5
4107.4
918.9
804.8
944.5
750.0

1329.8
1188.1

806.6
460.7
762.6
824.9
935.7
902.4
894.1
788.5
891.4
753.5
850.3
797.3
656.4
629.7
659.7
546.8
582.8

mAIX
16.1
41.4
99.8

142.8
223.3
269.4
57t.0
295.5
?74.7
569.0
632.0
649. n
663.0

325.3
333.9
341.5
508.0
327.2
353.8
399.8
427.9
457.8
458.9
479.0
470.I
469.0

14.9
41.4
94.b

134.9
214.o
257.7
254.3
273.7
257.6
208.2
30b.0

172.b
238.8
203.d
212.5
254.,
2 94?.
327.2

347.9
378.2
409.1

405.(
391.b
389.0
420.0

41.4
97.6

.36..

2i9.9
265.C
355.4

279.6
266.2
36b .b
476.5
348.6
359.7
Z83.6;
302.9
314.2
348.1
327.2
349.,
375.3
405.1
428.6
430.0
441.0
433.3
444.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43631F

Test Date: 7/16/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.280 MPa (40.6 psia)

8720 C (1602 0 F), 2B 1.70 m

(67 in.)

2.3 kw/m (0.70 kw/ft)

25 mm/sec (1 in./sec)

50 0 C (120°F)

519 0 C (504 0 C - 526 0 C)

[967oF (939 0 F - 9790F)]

23 mm (0.91 in.)

B. Summary Results:

C. Comments:

For direct comparison to 161-rod unblocked bundle (run 31504) and 163-rod blocked

bundle

K-660



ROD/ELEV

ZA 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

2A 5- 7
5C 6- 2
2D 6- 3
10 6- 4

FLECHT SEASEr 21 ROD BUNOLE TESr SERIES
Ru.4 NUM3EA43631F

TINITIAL AAXIMUN TEMpERA1URE TURIAROJ40 QUENCH
CHA4. 40 AT FLOOD TEMPERA[L;AE A IjE TI1E TEMPREATUiE

(DEG F) (OEG F) (OEG F) ($E:31D;) (UEG F)

5
6
7

12

14
33
39
46

50
51
56
58

59
62
63
69

3D
48
5D
10

4
4
4
5

5

5

6

6
6
6
7

70
73

, B A D
85

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

93
95

109
110

113
117
120
121

123
124
125
129

132
133
136
138

143
144
145
146

148
153
155
159

161
164
168
169

1198.
1259.
1402.
1497.

1557.
1449.
1491.
1500.

1477.
1553.
1502.
1491.

1496.
1522.
1556.
1519.

1474.
1579.

T H E R M O
1560.

1573.
1478.
1486.
1517.

1539.
1422.
1464.
1476.

1328.
1451.
1509.
1469.

1433.
1260.
1114.
1330.

1260.
1299.
1046.

949.

1170.
1171.
1IC5.

983.

1048.
594.
886.
755.

1290.
1316.
1525.
1653.

1766.
1687.
1664.
1620.

1782.
1712.
1645.
1b25.

1639.
1697.
1754.
1826.

1709.
1780.

COUPLE D A
1812.

1840.
1671.
1b64.
1667.

170.
1606.
1700.
1730.

1566.
1599.
1743.
1077.

i659.
1586.
1414.
1702.

1532.
1608.
£400.
1155.

1582.
1538.
1428.
1391.

1463.
1071.
1327.
1164.

92.
57.

122.
156.

209.
237.
172.
120.

305.
159.
143.
134.

142.
175.
198.
307.

235.
201.

T A
252.

267.
193.
178.
150.

b66.
184.
236.
254.

240.
149.
234.
208.

226.
32o.
300.
372.

272.
309.
354.
20.

412.
366.
323.
408.

415.
477.
441.
409.

28.0
19.0
45.0
46.5

53.5
564.0
45.5
54.0

71.5
46.5
46.5
49.5

49.5
51.0
57.5
71..5

66.0
47.0

50.5

59. 5
53.0
46. 5
33.0

33.5
47.5
47.5
4 7.'0

53.0
46.5
4 6.5
47.0

54.5
75.0'
53.0
73.0

? 5.5
94.5
56.0
29.5

75.0
94.0

116.0
96.5

95.0
164. 0
118.0
128.0

154.10
124.0

799.
847.
938.
771.

982.
1003.
918.
985.

253.
840.
887.
975.

981.
912.
647.
517.

1081.
816.

860.

954.
954.
749.
711.

705.
738.
836.
880.

753.
862.
848.

d36.

801.
7i5.

706.
8ý,8.

761.
744.
586.

091.

745.
637.
'54.
6d7.

o17.
685.
578.
680.

579.
530.

JJENCH
TIME

(SECONDS)

103.2
98.8

146.2
212.9

258.8
311.7
278.5
265.1

574.0
313.6
303.9
274.8

196.8
291.2
317.0
301.6

300.2
331.0

318.0

301.8

322.8
358.0
355.8

344 . 6
346.6
379.6
369.9

375.5
362.7
376.3
34.1

395.9
410.0
397.8
368. 3

402.4
4Z7.6
435.0
337.5

418.5
4.# 9 . 4
440.2
427.0

450.0
366.1
467.3
421.9

2C 8-
49 8-
50 3-
3D 9-

4C 9-
ID10-
4810-
501V-

0
0
6
6

6
6
6
3

3
0
0
0

2A11- 0
4C11- 0
1011- 6

171
172
B 8A)

538.
697.

T H E R M

893.
1117.

o C OJP L E L) r A*

355.
420.

413.0
458.0
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RUN 43631F HEATEK RuD STATIfCAL DATA

.AX TiMe (OEG r)INITIAL TEMP (OEG F) TJRIAOUoND TIME (SEC)

I'

FLEV
12
24
39
48
60
t7

70
71
72
73
74
75

76
77

79
90
91
84
90

96
102
111
1?0
132
138

12
24
39
48
60
67
10

71
72
73
14

75
76
77

78
79

PO

11
P4
90
96

1 (2
1i1
120
132
138

1AX
771.1
946.5

1259.3
1466.0
1496.6
1601.9
1600.8
1549.5
1446.7
1439.8
1493.9
1511.1
1553.3
1557.6
1578.7
1566.2
1572.7
1499.2
1539.2
1509.5
1363.4
1182.6
1049.5
345.6
697. 3
637.3

tIL

704.6
946.5

1197.7
1360.8
1460.7
1518.7
1418.4
1500.3
1382.8
1408.7
1375.5
1415.1
1436.6
1466.5
1473.5
1447.8
1473.0
1499.2
1421.6
1328.3
1114.1
897.0
862.3
594.0
461.8
608.9

ME AN
737.8
946.5

1219.7
1409.0
1478.7
1562.9
1489.3
1524.9
1414.8
1424.2
1453.9
1465.9
1488.0
1512.1
1525.3
1518.9
1514.2
1499.2
1490.3
1443.0
1282.1
1089.9

972.0
761.0
545.1
623.1

MAX
780.5
969-7

1316.3
1;92.7
1671.2
1830.4
1839.5
1799.4
1764.2
1681.0
1746.4
1779.8
1785.4
1765.3
1825.9
18iz.3
1839.5
1727.4
1707.3
1782.1
1738.6
1581.9
i463.4
1334. 1
117.2

1078.9

MIN
717. 1
969.7

1290.1
1492.3
1648.3
1720.7
1629.7
1 760. 9
1642.8
1631.9
1607.9
1594.9
1612.3
1o09.0
164d8.3
1o33.0
1671.2
1727.4
1602.8
1513.8
1414.1
1154.6
1132.8
1070.7

672.0
914.0

MEAN
748.8
969.7

1306.9
1532.7
1657.4
1780.9
1688.7
1780.4
1703.5
165t) .4
1697.3
1679.5
1690.9.
1683.7
1715.2
1724.9
1745.6
1727.4
1665.9
1668.2
1601.4
1420.7
1314.1
1211 . 7
898.9
996.4

4AX
6.0

11.0
29.5
46.5
46.5
62.0
56.0
56.5
67.5
88.0
93.5
89.0
85.5
75.5
71.5
68.0
62.5
55.0
47.5
62.0
95.5

116.0
131.0
164.0
160.0
135.0

1IN
5.0

11.0
19.0
34.5
45.0
50.,
46.5
56.0
62.0
62.5
56.0
45.j
44.5
4b.0
46.,
46.2
53.0
55.0
33.0
32.0
63.0
29.5
59.2

115.0
99.0

131.0

MEAN
5.5

11.0
25.5
42.5
46.0
53.6
50.9
56.3
64.8
75.3
67.7
62.9
61.0
54.2
52.6
54.2
57.5
55.0
40.0
49.8
77.5
68.1

101.8
128.8
134.3
133.5

TEIP AISE (OEG F) QUENCH rEIP (OEG e) QJENCH fiME (SEC)

4AX
12.5
23.2

112.2
131.5
192.3
234.7
238.7
260.5
317.4
241.2
269.1
308.4
305.4
298. 8
307.2
264.0
266.8
228.1
192.2
332. 5
375.2
412.2
429.7
517.0
429.6
441.6

MEN
9.4

23.2
57.0

114.8
156.0
202.0
169.6
250.4

260.0
223.2
230.2
118.7
119.5
113.0
140.4
170.4
193.3
228.1
149.7
124.1
212.7
205.5
231.5
409.3
210.2
305.1

MEAN
11.0
23.2
87.2

123.8
178.6
217.9
199.4
255.5
288.7
232.2
243.4
213.7
202.9
171.6
189.9
206.0
231.4
228.1
175.5
225.2
319.3
330.7
342.2
450.7
353.8
373.3

MAX
680. 7
781.4
847.3
958.4
778.4
982.3

1175.1
1062 . 2
1239.4
1152.1
1060. 8
1130.4
1361.1
1139.9
1141.2
1093.4

953.9
890.5
801.2
903.1
898.0

745.1
686.7
685 . 5
626. L
596.8

659.8
781.4
787 - 5
876.3
766.1
803.9
284.5
959.8

1l42.2
991.0
235.0
238.2
253.3
o47.0
516.8
839.1
884.2
890.5
104.6
752.9
105.6
554.3
535.4
577.7
500.1
561.2

MEAN
670.2
781.4
811.3
924.5
771.7
907.5
770.1

1011.0
1190.8
1071.5

710.1
670.9
800.7
889.3
892.7
935.2
917.6
890.5
747.1
841.4
783.3
640.7
621.2
644.3
558.8
579.0

I AX
18.6
45.4

L04.5
146.2
223.4
272.7
501.0
241.8
286.7
271.4
564.0
374.0
574.0
317.3
336.4
344.5
346.7
331.7
360.1
395.9
427.6
455.8
450.0
467.3
458.0
461.9

714IN
17.4
45.4
98.6

137.9
212.9
257.8
262.7
287.6
248.2
257.8
291.6
262.4
249.4
196.8
206.6
270.4
301.8
331.7
328.0
3533. 7
382.0
337.5
405.0
366.1
199.1
441.9

MEAN
18.0
45.4

102.2
141.5
219.1
264.2
332.3
289.7
267.5
264 .6
392.9
354.8
350.4
286.3
306.7
315.3
325.5
331.7
350.1
374.0
402.8
421.8
421.7
433.2
371.5
451.9



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43432F

Test Date: 7/15/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.277 MPa (40.2 psia)

871 0 C (1600 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.70 kw/ft)

21 mm/sec (0.81 in./sec)

49 0 C (121 0 F)

515 0 C (501 0 C - 522 0 C)

[959°F (933F - 971°F)]

34.5 mm (1.36 in.)

B. Summary Results:

C. Comments:

For direct comparison to 161-rod unblocked bundle (run 31805) and 163-rod blocked

bundle

K-663



ROD/ELEV

FLCCHI SEASET 21 ROD RUNDLE TEST SERTES
RUN NUIBER43432F

TIhITIAL MAXIMUM TEMPERATURE TURNAROUND dj4LENLu
CHAN. Nu AT F LCL C TiPERATURE RISE TIMF TLM1R£ATUkc

t0cE r) (GtG F) (DEG r) (SECONOS) tOt0 F-

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
5-
6-

5-
6-
6-
6-

6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-7-
7-

3
3
0
0

7
2

3
4

4
4
4
5

5
5
5
6

6
b

7

8
0
0

0
0
6
6

6
6
6
6

6

00
0

0

0
66

6
6
6

3

3
0
0
0

S
6

7
12

14
33

46

5C
:51
56
5f

59
62
63
6.

7C
73

d5

5: 7-
1C 8-

2E 8-
3D 8-

53 8-
5Z B-
iC a-
1D 8-

2Z 3-
48 8-
5D 8-
30 4-

4C 4-
1)10-
4810-
5010-

93
95

105
11c

113
117
12C
121

123
124

125

132
133
136
138

143
144
145

146
153
1559
15s

161
lo4

Io'

1it7,
1227.
1378.
14S2.

1557.
1451.
14SS.
1511.

15.5.
151C.
15C4.

14 58.

1522.
15 57.
1519.

14;0,.
15tC.

I E k M 0

,L565 .
15 05.

1479.
14S7.
15.11.

154'6.
14I2.
14 i
146Vi.

131d.
14t3.
152i.

1452 .
12 i0.
1116.

1337.

1276.
1319.
i,24.

ito.

11f63.
lit 3.
1121.
45C.

6 i a .

T h it k M G

1308.
1326.
1550.
1713.

1833.
1780.
1795.
1725.

1914.
1801.
171b.
1730.

1717.
1820.
156.
1935.

1814.
i168.

4U LPLE D
1928.

1960.
1749.
1762.
1779.

1827.
1700.
1615.
1852.

lo71.
1010.
150.
17i0.

1763.
I 96.
1540.
1835.

1643.
1729.
1532.
1280.

172 6.
1687.
1515.
1464.

1581.
1165.
1468.
1260.

138.
99.

172.
221.

276.
329.
296.
214.

436.
246.
207.
225.

219.
288.
300.
416.

330.
308.

A T A*
363.

385.
270.
265.
260.

279.
277.
338.
362.

333.
217.
327.
294.

311.
426.
422.
498.

365.
409.
498.
394.

564.
499.
394.
533.

550.
575.
589.
523.

38.5
33.5
4q. 5
47.5

74.5
102.0
83.0

101.0

93. 5
62.5
92.5

105.0

q2. 5
95.0
76.0
93.0

102.0
76.0

93.0

92.0
94.5
64.5

4P.0

64.0
64.5
76.0

82.5
62.0
64.5
61.0

73. 5
90.5
75.5
92.5

138.0
106.0
90.0
47.5

93.0
106.0
108.0
125.0

128.0
212.0
145.0
189.0

173.0
15R.0

746.
b73.
S43.
724.

425.
IG)1,

77t.
1061.

2b4.
643.

i07•i,

a 44
1075,.

465.

744ý.

7o 0.

eb01.
724.
7C3.

655.
723.
034.

c7t.

77e.
b53.

7o 5.
771.
71GC.
t',L.

721.
71 ý.
603.
667.

752.
S3 2.

633.
71,L.

t3 ".
tor7.
602.
b.ý5.

QUE NC H
TIME

( SLCONDS )

112.7
105.,
163.5
246.3

30. 7

36;1.6%3ti.t
ZC3.t

7C 4. C
3co.1,

3o7.6
2clio t

371.t
373.tc
347.C
3;t.t

3.5.7
411.4

422.7

347.t
4i9.:
4:)4. 0
451*C

447.3473t
4dl,4
401.4

462. t

479.7-
4t7.6
470,7

4c5.4

447.6t
519.*

5' 12. C
1C1. C

517.6
SiS. 7
5 ,1. C
5)32. .

530. S
ýt3.S
533.4

54o. v

567.6

537.C

24 11- 0
4•C 11- 0
1011- 6

171
172

S B A Lo

912. 374.
1244. 557.

C d L P L E 0 A T A *

t12.
ý,4L.

5u6.7

K-664



kUN 4•432F HEATER ROD STATISTICAL DATA

INITIAL Time (OLE F) MAX TEMP (DEG F) TURNAUUIKL 11M (SLL)

ELcV
12
24
39
4'.
60
67
70
71
72
73
74
75
7o
77
7 b

79
80
81
84
90
96

102
111
120
132
136

ELEV
12
24
3Y
46
60
67
70
71
72
73
74
75
76
77
7 t
79
80
81
84
90
90

102
111
120
132
13o

MAX
735.9
908.7

1226.7
i439.4
191.,9
1599,7
1600. 4
±551 . 7
i446. 0
1442 . 6
1 49b. i
±516.0
155t.r
1561.4
1579,6
1567.S
1574.6
1511.7
1547.7
1522.5
1370.6
1194.4
1030.7
67t . 4
066.9
629.4

90d 7

i33u .

1445.*6
1519 . k
1414.7
14 9o .3
.L3 ?'y 5
±L413 *7
1393.1
1414.3
1443.7
1467. 2
14b3.71401.9

1479.0

142? . 2
1337.9
1117.6
70It

b59.I
509.t

464 . b
02 .7

PEON
IC7.2

118.2
1364.0
14t0.3
15c1.7

14SU.7

1413.7
1420.2
14 ,t:. 9
14to.1
1492.1

117 . I
1530.1
1525.0
1521.1
1 t11 . 7
1495t9
145o.d

1C77.1
953.8

545.0
C16.0

MAX
750.3
950.1

1332. C
1624.3
1730.6
1916. t
1947.6
1924.t
1868.1
1818.0
lb73.4
1691.5
1914.3
i17 4. 5
1935.0
1928.1
1960.2
1837.2
1829.3
1•?4. 0
1873.4
1726.3
1589.5
1471.9
1244.2
1204.5

MIN
698.3
950.1

1307.9
1511.7
1702.9
L796.6
1699.5
1881.3
1730.8
1744.1
1720.7
1672.3
1716.3
1687.5
1726.3
1741.9
1 746.6
1837.2
1699.5
1602.5
1539.8
1245.2
1249.4
1165.0

897.5
990.3

MEAN
724.3
950.1

1321.9
1557.4
1715.5
1857.4
1776.6
1902.9
1809.4
1781.0
1808.1
1780.7
1790.9
1780.5
1806.5
1822.8
1846.6
1837.2
1775.9
1774.9
1727.5
1547.4
1441.3
1330.6
1003.0
1097.4

MAX
9.5

21.5
45.5
61.0
73.0
80.5
93.0
91.5
95.5

104.0
107.0
105.0
109.0
105.0
104.0
102.0
101.0

92.5
65.0
87.5

138.0
108.0
150.0

212.0
213.0
181.0

6.5
21.5

33.5
4t.Q
4 7.504,5

77.5

77.0

94.0

93. C
62,5
t6.c62.5
it.c

72.5
t3,

"'.5
4 1 .!

4t 4. 0

I "b. 0
17'..c

L. C

21.5
39.2

6i.2
72.b
75.6

b 41. 0

'3.t
144.5
93. b
S4.2
t3.4

S1.0
S4 .

59v. 0

94.0

92.0
124.1
16t)2
16C. 6
lc,.L

TEMP K15E {EG F) QUEhCH TEMP (DEG F) OUL1N.A liL (SEL)

MAX
19.t
41,3

163.0
164.9
263.6
330.0
347.2
383.(
440.1
375.4
401 . 9
420.4
436.3
407.3
416.5
379.3
385.4
325.5
311.1
424.2
502.6
563.b
560.4
626 . 7
557.3
575 . 1

h1,4
14.4
41 .3
99.0

161 .*
221.0
27b.0
251.4
372.9
351.3
33u .4
327,t
191.5
200.5

162! . 7
21b.1
24b,5
269.6
3i5 . )
243.3
191.0
307.9
393.6
376.6
522.t
374,4
367.b

17.1
41.3

133.7
173.4
247.2
29j.7
265.9
s7d.0
3 5.7
35Z.9
-51.2
312.6

9t3.5

276,4
297,6

325.5
325.5
279.0
316.1
434.2
470.3
4E7.5

45b.0
4 8±,L4

MAX
6864.9
787.4

872.5
976.4
772.1

1052.7
1196o7
1047.9
1032,7
948,0

1059.1
1139.3
1131.2
1227.0
943.4
997.1
947.9
810.4
7b3.9
877,7
871.4
752.2
711.3
689,2
672.1
599.4

MIN
660.7
787.4
797.0
624.8
728.8
839.3
283.4
981.6
246.8
281.3
232.8
242.5
253.3
626.4
449.0
590,7
784.0
810.4
654.8
772.2
699.6
563.1
522.8
601.8
535.7
567.5

MEAN
672.8
787.4
822.7
920.0
753.0
935.4
768.3

1014.7
639.8
614.7
625.0
733.0
716.1
866.3

805.3
853.9
853.9
810.4
718.6
826.9
774.6
639,6
637.8
654.0
589.9
583.4

MAX
18.0
47.0

113.9
163.5
260.4
329.2
636.0
362.9
672.0
643.0
694.0
704.0
704.0
402.0
419.6
425.9
433.7
418.6
454.A
497.6
538.7
570.0
574.6
587,9
590.0
596.A

17.0
47.0

105."
154.c

246.3
30t.6
315.5
351.t

34S.2
362.5
27 7.5

299,6

3b2.t
34t.b
397.5

41c.6
432,4

52t,0
53jo
497.9
j7 7.0

17.5
47. C

110.6
154,6

315, . 4
409.t
357.2
515.E

423.3
4t3,5
3to.6

4CI.b
4C3.C
41•..'

416.6
445.9v
47t.4
513.o
543.2
551.2
567.5
526.7
58t.9



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43333F

Test Date: 7/15/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.276 MPa (40.1 psia)

875 0 C (1607 0 F), 3C 1.78 m

(70 in.)

1.3 kw/m (0.40 kw/ft)

15 mm/sec (0.6 in./sec)

480 C (119 0 F)

528 0 C (507 0 C - 539 0 C)

[9 82 0F (945 0 F - 10030F)]

34.0 mm (1.34 in.)

B. Summary Results:

C. Comments:

For direct comparison to 161-rod unblocked bundle (run 34006) and 163-rod blocked

bundle

K-666



FLtcCml SEASiT 21 ROD BUNOLE TEST SERIES
RUN NUMbER43333F

ROD/ELEV TIITIAL VIAXIMUM
CHANi. I4u AI FLCLO TtOPERATURE

(UtL F) (iEG F)

2i
4C
1 C

24

2A
5C
20
10

3D
48
50
10

2A
20
3B
3C

3E
4C
5 C
3D

3C

4 A
1:
28

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-
6-
6-

6-

6-
6-

6-

6-
6-

6-
6-

7-
7-

3
3
0
0

7
2
3
4

4
4
4
5

5
5
5
6

6
6
6
7

8
8

0
0

S

7
12

i4
33
39
4t

50
51
5o
58

63
t)

1155.
12 17.
1 3 -I.
14•3.

1541.
14 4,
14t9..141b.

14tb.
1546.
1,72.
1412.

14i5.
1520.
155d.
1545.

1224.
1279.
1446.
1615.

1o78.
1655.
1705.
1627.

1738.
1705.
1610.
1623.

1610.

1714.
1746.

1804.

TEMPERATURE
RISE

(DEG F)

69.
32.
73.

131.

137.
211.
216.
148.

299.
159.
138.
152.

135.
194.
188.
259.

TURNAROUND WL Lh( h.
TIME TEMPREAIUkE
(SECONDS) (OL8 F)

7C
73

65

30 7- 0
58 7- 0
2B 7- 6
2C 7- 6

2E 7- 6
3A 7- 6
3B 7- 6
48 7- 6

;13
95

109
lIc

113
117
12C
121

123
124
125
129

132
132
13f
136

143
144
145
i46

146
153

15S

5C
iC
2E
30

53
5C
Sc'C

1D

2:
48
5D
3D

7-
8-
8-
8-

8-
8-
8-
8-

8-
8-
8-
9-

6
0
0
0

1473.
15 CC.

1587.

1585.

14ý4.
14t0.
15t 1.

1529.
14(6.
14C7.
14t6.

132c.
1441.

151C.
1475.

1435.
1270.
11 4C.
1319.

124f.
1311.

1171.
1182.
11S6.

1047.

bt3.
746.

532.
6S3.

T H E AP

1683. 210.
1766. 186.

C L 0 LE DATA*
1792. 225.

181 ,. 234.
1630. 176.
1682. 202.i
1721. 209.

1769. 230.
1624. 218..
1722. 255.
1755. 270.

1584. 257.
1590. 149.
1742. 232.
1692. 216.

1b44. 209.
1616. 346.
1518. 378.
1730. 381.

1525. 278.
1609. 298.
1493. 468.
1368. 498,

1652. 481.
1607. 425.
1507. 400.
1446. 468.

1525. 478.
1126. 529.
1386. 502.
1222. 477.

852. 320.
1181. 487.

C O0 P L E D A T A*

39.0
22.0
46.0
53.0

72.5
114.0
111.0
110.0

115.0
78.5

114.0
110.0

106.0
113.0
87.5

110.0

115.0
87.0

110.0

)2.5
8f'. 0
86.0
74.5

73.0
77.0
90.0
90.5

112.0
73.0
85.5
74.5

87.0
130.0
114.0
129.0

180.0
143.0
12g.O
130.0

131.0
145.0
173.0
174.0

174.0
264.0
189.0
192.0

196.0
214.0

7b0.
bZb.
92".
675.

1076.
7C L.
631.

025.
bo8.
E42.

t3bo

E57.
b63.

1041.

C1.

t',i.

074.

70-1.

846.

678.

6Tc.

626.
594.
72•.

752.

7o'.
717.

7.55.

726.
767.

ocv.
77t.
556.56'..

69L.

631.
bo5.

675.
66..
046.
708.

560.

336.2
353. C

359.9

344.7
3L5. 5
391.9

3c7. C

3o2.C

314.5
410. t

411.S
421.3

41,t.
452.4
451. S
443.8

452.7
4±7.7
462.(,
4t4.1

474.E

453. 2
495. C

5CC.C
,)07.C
51". C

4c9.S

512. C
t27. b

QUEN C0
1II•E

I S LC6r , )

113.7
ICA. 1

222.C

2t3. e
326. c
327.,
34±. C

w'1ý. C
343.8E
34S.L
3,1.4

332.5
340.
34o. 2
317.8b

0
0
6
6

6
6
6

3

4C 9-
1010-
43810-
5010-

3
0
0
0

161
104
166
169

171
172

2A11- 0
4C11- 0
1l11- 6

K-667



xUN 43333F HEATER RJD STATISTTCAL DATA

MAX, TEMP IOEG F)INITIAL TLAP WE4, F) TUXNAAKLhUL TiMt t136)

ON00.

ELEV

1 '2
24
39
4o
60
67
70
71
72
73
74
75
76
77
7b
79
80
81
84
90
96

102
111
120
132
13a

ELEV

12
2'.
39

4d
6u

67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
96

102
111
120
132
138

MAX
741. k
920.9

1247.C
14". 5
1t83 . 4
1599.5
1606.5

1547o*
14568.e
14#44.8a

14983.4
1545 . r,
1558.4
1 J60 .0
1577 . S,
15d5.4
1492.0
1539 . C
1515.2
13o3.6

1193.t
1 C146. *7

o063.2
693 o 1
637.3

MlIN

t)79 .4
920 .,I

1155.3
1330.7
0437 .3

11397.6140o0.9r
150;4 . So

13027. *

140Z * 5
141o.I
1471.6

,L46i . 2
1430 .r9

1453.*9
.492 . 0
1406.3
1327.5
113; . 7

6lo.3

596b 3
467.*8
cC6 *6

tEAN
it 5 t710.5

92 U 9
136 7.4
1:c2.7
145o.4

1478.6
1!26.C
1ý13.3

1421.0

1449.1
14 t .7I

148i.4
I C4. 1
1 01.6

1 510 . 2

1443.6
.144 3 .
I io.2
3107.9

957.6

76(b.
54d.2
c22.1

MAX
746.2
933.6

1278. 6
1519.2
1618.8
1780.9
1810.1
1788.8
1753. 1
1714.0
1772.0
1769.8
1787.6
1755.3
1804.4
1792.1
1819.1
1702.9
1776.5
1792.1
1753 . i
1651 . t
1535.5
1415.2
1180.b
1145.3

M N
691.0
933.6

1224.4
1414.1

1591.7
1663.6
1614.5
1769.8
1635.2
1639.6
1606.8
1591.7
1010.1
1597.1
1612.3
1622.1
1629.7
1702.9
1624.3
1541.9
1462.3
1355.1
1279.7
1125.5

777.4
961.4

MEAN
718.6
933.6

1251.5
1455.9
1608.3
1714.3
1671.0
1779.3
1694.1
1676.8
1696.6
1676.3
1680.1
1672.1
1686.0
1698.2
1716.8
1702.q
1705.3
1577.9
1631.5
1526.2
1396.5
1283.6
921.4

1053.3

MAX
11.5
14.0
45.5
50.5
65.5
74.5

114.0
92.5

112.0
113.0
130.0
116.0
129.0
113.0
115.0
130.0
114.0
113.0

87.0
11?.0
235.0
173.0
203.0
264.0
259.0
274.0

rlN
A.5

14. U
2Z.0
39.5
53.0
5o.0
'C.5
0.5

112.06C.5112 . u

73.0

b It.5
14.Q
71.5

113.0

7 1.0c
71.U

113.0
11o.u
13L.0
it9.c
I4o.0
263.0

6.0
14.0
35.5

44.t
58 . 3
69.0

* ,I
90.*0

101.3

103.6
112.1
107.3
105.145.1
103.4
103.5
1132.

103o3
139.6
176.57* .

2240•261.2

2tbe.5

TEMP KiSE 0.6 F) QUENCH TEMP (DEG F)

MAX

12.7
91.5
83.4

164.3
184.7
205.6
264.9
294.3
269.2

269 . I
292.f
299.3
266.5
259.C
233.t
233. 7
210 .*
254.t
30b.3
409.2
536b5
503.6
5786.4
487.5
506 . C

If . d;

12.7
31.o
64.i

131.1
1371I
1•0.0
241.6
267.3
242.4
211.0
138.0
1£27.

113b0

175.6
210.9

14o.9

252.
37Y . 9
375.3
476.5
309.6
354.6

P. EAN
0.1

12.7

64.0
13.2

149.9
150.6

19Z.4
253.3

255.8
Z47.5
ild.6
198.7

IC 7.9

2CO.0
2107.9
ý21 .7
i34.5
33,o..

438.7
517.5
373.2
4 31.3

MAX
694.5,
773.4
827.6
934.6
731.9
954.2

1026.0
1059.9
1045.1
975.3

1429.2
1059.5
994.3

1135 . C
1182. 1
1063.0
895 . 8
d05.0
715.3
o39.2
dog. 1
689.8
692.8

699.6
a71.05,9.9,

MI N
663.6
773.4
753.4
617.7
t75.4
797.7
286.6
970.3
244.7
952.2
231.8
233.9
243.6
663.0
783.7
804.5
608.6
805.0
594.5
716.8
712.3
502.5
597.3
641.5
542.8
5d7.6

ME AN
677.5
773.4
780.*
897.q
705.6
897.0
625a6

1015.1

644.*9
963.8
936.1
722.8
617.1
847.1
892.6
870.5
848.7
805.0
659.0
764.8
758.4
600.2
653.5
664.4
587.4
513.7

QUENCHI 11ML (SEL)

MAX 14IN MAN

20.5 2C.4 20.4
52.4 52.4 52.4

115.3 104.1 112.7
150.4 151.o 15,.1
230.0 222.C 22c.b
275.0 263.b 27C.6
409.0 26c.1 339.6
307.0 3C4.o 305.4
572.0 31C.0 441.3
323.8 311.1 317.4
591.0 213.3 352.7
60Q.0 31C.7 375.0
609.0 245.3 436.7
351.4 32t.4 341.1
369.0 3ii., 350.3
372.9 324.5 35ý.Z
379.1 344.7 3bb.6
365.5 305.5 365.5
391.0 371.t 382.8
42q.9 37. 3 411.7
464.8 43o.3 4j. o
491.5 453.2 475.0
500.0 47 C.0 L 6.C
51Q.0 40S.9 510.6
527.3 422.3 474.3
539.2 ý 3.O. 537.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43534F

Test Date: 7/16/81

Test Type: Forced Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (44%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

0.142 MPa (20.6 psia)

8730 C (1604 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.70 kw/ft)

25 mm/sec (1 in./sec)

31 0 C (88 0 F)

511 0 C (494 0 C - 518 0 C)

[951OF (922 0F - 964°F)]

26.7 mm (1.05 in.)

B. Summary Results:

C. Comments:

For direct comparison to 161-rod unblocked bundle (run 34209) and 163-rod blocked

bundle

K-669



ROD/ELEV

24 3- 3
4C 3- 3
1C 4- 0
24 5- 0

FLECH I SEASET 21 R OD U40DLE TEST
RUN NUMBER43534F

TINITIAL MAXIMUM TEMPERATURE
CHAN. NU AT FLOUD r[llcRATURt RISE

(0kG F) (utG F) (DEG F)

SERIES

TURNAROUND QLENCH
TIME TLAPKLATUKE
(SECONDS) (UcG F)

2A
5C
20
1D

33
48
5D
1D

24
2D
38
3C

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

3E 6-
4C 6-
5C 6-
30 6-

3C 6-
44 6-
1C 7-
28 7-

30 7-
5B 7-
28 7-
2C 7-

2E 7-
34 7-
38 7-
48 7-

5 7-
IC 8-
2E 8-
30 8-

58 a-
5C 8-
ic 8-
10 a-

2C 8-
48 8-
5D 8-
3D 9-

4C 9-
1D 10-
4810-
5010-

7
2
3
4

4
4
4
5

5

6

6
6
6

7

8
8
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

S

7
12

14
33
3 r
46

5C
51
5t
58

59
62
63
69

117C.
12i5.
1360.
1479.

1554.
1456.
15C3.
1511..

15t5.
1514.
1511.

1507.
1539.
1505.
i~i5.

1285.
1296.
1543.
1653.

1766.
1658.
1612.
1603.

1746.
1677.
lb17.
100.

1621.
1660.
1717.
1781.

115.
71.

163.
173.

213.
202.
109.

83.

271.
112.
103.

97.

114.1
122.
153.
256.

70
73

85

93
95
109
£iC

113
117
12C
121

123
124
125
129

132
133
136

136

143
144
145
146

1468
153
155
159

161
164
168
16c#

14•0.
15SC.

T H 6 R M 0
1534.

15•.3
1487.
1514.
1523.

1561.
14i6.
15(1.
151o.

1 ± C4.

14i2.
1317.
1211.
1319.

1241.
1333.
1(67.

1184.
11 86.

944.

1023.
595.

744.

524.
T h F k P 0

1677. 186.
1736. 147.

CO U P L E C A T A-
1772. 198.

1d02. 219.
1649. 163.
1636. 123.
1642. 108.

1663. 101.
1542. 114.
1663. 162.
1687. 171.

1531. 126.
1578. 94.
1702. 158.
1649. 145.

1631o 159.
1555. 238.
1438. 197.
1647. 268.

1474. 183.
1561. 228.
1319. 253.
1145. 135.

1491. 308.
1439. 253.
1318. 189.
1257. 313.

1337. 314.
938. 343.

1191. 326.
1004. 260.

775. 252.
944. 267.

C 0 0 P L E D A T A*

30.5
19.0
61.0
58.5

61.0
61.0
29.5
28.5

69.0
32.0
32.5
57.5

57.5
57.5
58.0
63.5

59.5
34.0

59.5

59.0
57.0
27.0
16.0

15.5
27.5
34.0
34.0

34.5
24.0
35.5
32.5

43.5
59.5
59.5
5Q.0

57.0
60.0
59.5
23.0

61.5
59.5
57.5
76.5

76.0
129.0
101.0

85.5

132.0
95.5

727.
796.
oo?.
730.

899.
971.

b04.
'.64.

b27.

542.
42ý.

424.
73Z.

71b.

663.
o@0.

6 4 t-
654.

to 7.
737.
796.

722.
77t.
764.
71C.

bob.
603.
711.
75•.

676.

bOL.
2)64.

720.
595.

602.

562.
624.

520.

493.6

4'.o. 4

5i4.C

477.S
)11. 7

D9 . C
531.4

.ý 3d. C
524.S
523.4
530.0

517.!
532.S
55U.3
5t6.S

5676. c

J45.C
575 . t

570.5
626.4
634.4

5t4.C

5ob. 1
647.S
636. C
o26.C

654. L
04. 2

675.C
569.6

527. -
625.t

Qu EN C I-
TIME

(SLCOSDS)

145.7
137.7
207.7
3G5.7

379.'
471.2
I 12 . t
3E4.E

726.C
4o0. '
.65. 4

352.t
429.7
4t7.C
478.1

2A11- 0
4C11- 0
1311- 6

171
172
8*AAD

K-670



KUN 43534F HEATER ROD STATISTICAL DATA

I~
....

ELEW
12
24
39
48
60
67
70
71
72
73
74
75
76
77
78
79
80
81
84
90
9b

102
111
120
132
136

ELEV
12
24
39
48d
60
67
70
71
72
73
74
75
76
77
7d
79
80
81
84
90
9b

102
111
120
132
138

INITIAL TcrlP (0EL- F)

MAX MIN MEAN
731.6 680.4 IC6.0
920.2 924.2 .i20.2

1225.4 116o.1 1170.9
1443.0 133o.3 1388.7
1479.4 ±446.4 1463.0
1000.3 1519.2 1562.2
L603.6 1420.5 1442.5
1553.6 149o.7 1526.2
1449.4 13c3.4 141b.4
1443.C 1416.2 1429.6
1500.9 13o4.4 145o.5
1521.4 1420.5 1472.9
1564.t 1447.3 147;4
1571.1 1470.9 1!25.2
L589.5 149u.2 153d.0
1576.5 1467.7 133.1
i563.C 114o6.9 1529.1
1520.3 1520.3 1520.3
15b1.4 142o.0 15C9.3
1544.1 L4C5.5 1487.7
1396.C 1241.1 1"33.3
1193.1 93ý.7 1113.2
1023.3 038.5 S48.1
865.4 595.I i15.3
677.3 475.3 t40.6
570.6 563.1 ±66.8

TEMP RISL WE6 F)

MAX TEMP (DEG F)

MAX MIN MEAN
743.1 693.1 718.1
950.1 950.1 950.1

1297.4 1284.0 1292.Q
1603.6 1505.2 1549.0
1678.8 1634.1 1655.2
1829.3 170C.6 1770.3
1611.2 1590.6 1551.2
1755.3 1705.1 1730.2
1718.5 1597.1 1657.8
1626.5 1589.5 1608.0
1699.5 1562.5 1653.8
1738.6 1578.7 1647.1
1746.4 1579.8 1660.2
1729.6 1601.4 1658.9
1780.9 1633.0 1685.5
1772.0 1597.1 1697.8
1802.2 1649.4 1718.1
1634.3 1684.3 1684.3
1662.5 1541.9 1620.3
1725.2 1530.1 1634.6
1679.9 1400.2 1559.5
1491.2 1103.7 1331.5
1337.3 1093.4 1217.0
1208.7 937.7 1075.6
943.9 596.2 778.6
927.4 793.0 860.2

QUENCH TEMP (DEG F)

MAX MIN MEAN
643.6 640.0 641.8
702.3 702.3 702.3
795.8 727.3 750.3
d82.2 725.4 815.5
753.7 729.5 743.3
959.9 745.0 879.;5
928.2 229.6 502.8

1026.2 937.8 982.0
1028.3 253.3 640.8
a69.2 240.4 554.8

1026.5 243.6 692.3
1009.2 229.6 616.4

974.6 229.6 541.4
1119.S 541.8 811.1
1038.4 424.0 758.4
968.8 549.4 801.3
863.C 759.1 813.2
603.1 803.1 803.1
747.1 619.4 682.0
d32.6 6 4.8 749.a
840.7 614.4 71q.0
719.6 529.2 597.3
651.5 449.9 581.6
624.2 515.0 553.3
511.1 469.2 494.6
522.2 457.0 489.6

MAX
5.5

13.0
31.5
64.0
63.0
63.5
59.0
60.0
67.5
69.0
64.0
73.5
69*0
77.0
63.5
61.5
59.0
58.0
27.5
43.5
60.0
61.5
98.5

129.0
132.0
117.0

5.5

13.0
19.0
52.5
57.5
5i.0
32.0
57.0
62.0
6C.5
58.0
29.0
26.5
21i. C
32.0
3i,5

5E.C
56.,J

15.5
23.0

3t.5
22.0
61.5
8"5.5
51.5

111.0

MEAN
5.5

13.C
27.0
59.1
59.7
59.4

51.4
56.5

64.8
64.8
61.1
57.0
51.2
±6.6

44.0U
50.3
55.9

58.0
20.4
33.5
57.C
52.3
81.2

101.8
1C3.3
117.0

TURN•K(•JU• TiAE (SEC)

MAX fiN
12.7 11.5
29.9 29 . t

129.3 
7

k.O
188.9 156.6
217.6 173.2
229.* 161.4
207.e 122.1
206.4 201.5
269.1 213.7
183.5 173.3
226.5 174.6
268.6 90.7
271.2 o3.3
258.7 67.6
256.3 112.8
224.2 12v.4
219.2 162.5
164.C 164.C
125.8 101.1
189.7 93.9
283.9 123.6
307.5 135.4
330.4 175.2
348.4 2ý9.6
313.1 126.9
356.8 229.t

MEAN
12.1
29.9

IC5.0
182.2
192.2
icaol

156.6
204.0
241.4
17d.4
115 . 3
174.2
I12.8
133.7
147.6
164.7
189.0
l64.0
111.1
14b., 9
Z26.2
21a.3
268.9
120.4
238.1
2i3.4

0UcNtHd 1l1 (SEC)

MAX PIN ME.N
20.9 18.6 19.8
62.9 tz.9 62.9

146.8 137.7 143.4
207.7 197.7 203.4
320.8 30U.7 315.4
40R.3 37L.6 368.4
717.0 394.4 tl.6
440.3 4zI.3 430.8
728.0 43C.1 o62.0
706.0 4CC. 5553.5
728.0 44E.1 560.3
728.0 36C.6 s22.2
728.0 3t,.6 159.6
504.5 352.b 446.4
521.3 3(2.6 462.9
526.9 315.6 490.3
534.5 46t.7 i08.6
510.7 51C.7 510.7
550.0 20,.7 529.5
587.8 5C4.b 544.5
62R.4 545.0 579.o
665.4 5t4.0 t14.C
654.0 "12.7 595.7
675.0 569.8 628.6
625.6 22t.7 4c8.C
634.0 57C.1 t02.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43916A

Test Date: 5/8/80

Test Type: Gravity Reflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.281 MPa (40.8 psia)

872 0 C (1602 0 F), 3C 1.83 m

(72 in.)

2.3 kw/m (0.70 kw/ft)

0.789 kg/sec (1.74 lb/sec) 14 sec

0.09 kg/sec (0.2 lb/sec) onward

52 0 C (126 0 F)

543 0 C (536 0 C - 5490 C)

[1010°F (996 0 F - 1021°F)]

7.1 mm (0.28 in.)

227 mm (8.93 in.)

B. Summary Results:

C. Comments:

K-672



ROD/cLEV

ILEC HT SEASET 21 ROD 8JNDLE TEST SERIES
RUN NUMBEK43916A

TIhiTIAL MAXIMUM TEMPERATURE TURNAROUND QLLNCH
CAAN. hU A] FLOUU TEMPrRATURE RISE TIME TLAPREATUkE

(DEG t) tuEG F) (DEG F) (SECONOS) (DEG F)

24
4 :

Ic
24

2A
1)
2)
3D

5)

24
33
3)
20

3:
3 E
3C
44

3-
3-
4-
5-

5-
6-
6-
0-

b-
6-
6-
6-

5-
6-
6-
:3-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
6
5

5
5
6
6

0
6
0
0

0
0
0
6

b
6
6
6

6
0
0
6

9

14
17

21
50
53
58

ol
63
bb

7C
75
79
64

85

95
97

1121.
1193.
132C.
1367.

1A474.
1452.
1572.
1507.

14S6.

1i4C.
1537.
14b2.

14 1.
1571.
1535.
1557.

1577.
1478.
15 o.
1421.

1130.
1199.
1328.
1376.

1469.
1464.
1585.
1599.

1510.
1456.
1550.
1477.

1466.
1584.
1551.
1570.

1592.
1489.
1573.
1433.

9.

7.
8.
9.

16.
12.
13.
12.

11.
16.
12.
15.

14.
13.
15.
13.

14.
11.
14.
12.

3 0 o--
5: o-
1: 7-
2B 7-

3) 7-
53 7-

2 C 7-

2E 7-
21 7-
34 7-
34 7-
4A 7-

5 7-
IC 3-

5 3 -

20 3-

5) 8-
3 D 4-

4 C 9-
1010-
4313-
5)10-

d46 A i
110
111

115
117

12i

0
0
6
6

6
6
6
3

3
0
0
0

122
123
124
127

12d
131
133
13o

136
13S

142

145
146
154

15C

164

167

166
17C
172

1268.
H t R A u

1420.
1436.

1470.
1333.

Tn E 0 C
1427.

1341.
1327.
1442.
14C5.

126b.
1211.

1543.

1181.
113ý.
1041.

Y IC.

10S7.
1124.
IG25.

9 Cb.

517.
852.
72C.

554.
662.
339.

1283.
U P L E 0

1431.
1446.

1479.
1345.

U A P L E D
1440.

1354.
1338.
1455.
1416.

13D0.
1228.
743.
1558.

1147.
1151.
1055.
924.

1111.

1138.
1039.
924.

1012.
592.
865.
736.

562.
671.
359.

15.
A T A 0,

11.
8.

9.
12.

A T A

13.

13.
11.
13.
13.

12.1
16.1
45o
16.

16.
12.
14.
14.

14.
14.
14.
18.

13.
15.
13.
16.

8.
9.

20.

2.0
2.0
2.0
2.0

3.5
2.0
2.0
2.0

2.0
3.5
2.0
3.5

3.5
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0

2.0
1.0

2.0
2.0

2.0

3.5
2.0
2.0
2.0

2.0
3.15

62.5
2.0

3.5
2.0
2.0
3.5

2.0
2.0
2.0
3.5

2.0
2.5
3.5
3.5

3.5
3. 5

18.5

646.
b04.

o14.
753.

919C.
653.
1121.
'v74.

b66.
643.
67t.
b22.

629.
947.
92ý.
92C.

933.
b37.
941.
o33.

771.

672.
667.

717.
627.

743.

650.
652.
701.
716.

692.
569.
v35.

722.
584.
535.
667.

629.
567.

590.

565.
267.
425.
629.

516.
602.
2b6.

QUENCH
TIME

(SECONDS)

34.9
36.t
70.4

115.3

143.C
17.9
171.0
173.S

173.C
180.S
leD. C
165.5

186.C9

104.EC

165.6
196.t
190.6
195.9,

240.C

225.0
213. C

210.G
206. C

224.7

219. C
242.0
233.0
226.S

230.0
251. C
199.5
188.0

210.C
246.C
265.3
207. C

253.0
201.5
253.7
265. C

262. C
171. C
220.0
2C1.0

2A11- 0
4:11- 0
l11- 6

16.4
14.5
23. C

K-673



RUN 43916A HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INITIAL It-At (DE( ,-) TIJRNAROUUL TIME (SEC)

4-'

ELtv
12
2.
3o
46

60
67
7'-

71
72
74
75
7o
77
7b

8.
9u
90

102

i120

132
13c

ELL v
12
24
39
4o
60

67
70
71
72
74

75
7(
77
78
8,t
90
96

102
III
120
132
13o

MAA
660.1
065. 3

1192.5
1339.9
1470.3
1573.6
1599 *

1597. t
1602.1
1567.0
15o2 . 6

1579.4
1577.2
155d8. 9
i470.3
1441.*6
1306 . 3
1123.9
L079. f

625 . 0

fit'
b23.o
707.2
7o7 * 2

±U24o .0S

.L32o . 3
1472. 4
±47'v.It
14b4 S

.L*t52 .1
1440.3
±447.8
142's .4
142,L L
12to 7

±2b7 .7
697.6
'10 4

577.3
465.4
338 . fV

tLAN
t45.0
b34.2

1137.3
A292.5
13d2.4
1502.1
1540.6
1537.7
1535.0
1532.1
1522,e
1523.5
15Co.2
1!CO.4
13S5.1
1367.8
1161.8
1(41.1

S9o.5
713.0

t55.4
492.0

MAX
689.9
889.2

1199.3
1349.8
1476.2
1585.2
1612.3
1611.2
1615.6
1599.2
1596 . C
1593.8
1591.7
1573. 3
1479.4
1454.8
1320.5
1136.0
1099.5
d65.4
671.0
635.2

MIN
625.7
794.0

1107.8
1263.0
1338.3
1485.9
1489.1
1474.1
1462.3
1464.4
1455.9
1462.3
1440.9
1433.4
1281.8
1299.5
743.1
924.3
830.2
591.9
499.1
358.9

4EA4
646.7

1145.6
1303.2
1390.8
1516.6
1551.5
1551.0
1547.6
1544.6
1536.5
1537.0
1522.5
1514.6
1405.6
1380.1
118 0. 7
1055.01

961.1
735.4
576.2
505.6

MAX
1.0
2.0
2.0
3.5
2.0
3.5
?.0
6.0
3.5
3.5
3.5
3.5
3.5
3.5
2.0
3.5

62.5
3.5
3.5

18.0
3.5

18.5

PIN
.5

2.0
2.0
2.0
1.0
2.0
2.0
2.0
2.0
2.0
i.c

2.0
2.0
Z.0
2.0
2.0
2.0
2.0
2.u
2.5
3.5
3.5

ME AN
.t

2.0
2.0
2.4
1.6
2.6
2.C
2.6
2.6
2.1
2.6
2.5
2.9
2.4
1.9
2.2

10.3
2.2
2.1
6.5
3.5
b.1

TEMe Rl.,ýt (DEG F) QUENCH TEMP (DEG F) QUENCH lIMEl (SEC)

MA A
14.

9.0

10.0
17.t
12.4
23.1
17.8
1b. 6

it). 5
15.6

13.1
14.0
45.4
15.2
19 *9

43. *9
13.7
20.C

1.7
3.9

6.6
o.1
5.9

11 .4
9.2
9.2

7.0
10.2

12.3
10.1
11.3
12.4
O.C

10.0
12.0
12.9

11.0
13.1

0.2
10.*2

PLAN
l.b
5.1

10.6
8.5

14.5
10.9
13.2
12.b
12.5
13.7
13.4
14.3
14.2
1G.5
12.4
i8.9
14.0
1,4.6
22.3
10.6
13.6

MAX
634.0
832.0
846.3
882.1
756.3
919.5
923.6
972.3
982.2
973.7
933.7
954.4
933.4
942.3
717.1
783.6
771.2
672.0
737.2
628.8
601.7
574.8

MIN
272.6
666.9
754*.0
748.1
726.5
869.8
898.1
802.8
671.1
815.1
821.7
828.8
797.8
824.1
626.7
600.5
583.6
534.5
406.7
281.3
483.8
285.6

MEAN
514.8
723.2
801.4
812.5
744.5
89 4.7
911.6
893.5
906.5
896.5
879.0
898.5
880.9
895.7
673.3
688.6
696.6
604.7
566.5
402.8
535.9
466.0

MAX
6.0

13.0
40.5
70.4

119.0
144.4
167.9
168.4
178.0
182.9
188.9
187.0
196.8
195.9
226.0
242.0
25 1.0
266.4
269.2
252.0

17.5
23.0

eIN
2.0
4.6

3A.9
61.9

113.0
143.0
153.5
157.7
162.9
17C.1
177.0
17E.2
184.0
188.0
20t.0
216.0
199.5
191.9
91.5
88.8

12.0

MEAN
3.6
9.1

37.4
6o.3

115.0
143.5
157.L
163.3
167.1
175.3
181.3
163.1
188.8
192.5
215.1
226.3
234.1
241.4
216.3
204.1

14.5
17.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43816B

Test D ate: 7/9/80

Test Type: Gravity Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.276 MPa (40.1 psia)

877 0 C (1611 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.7 kw/ft)

0.839 kg/sec (1.85 lb/sec) 14 sec

0.095 kg/sec (0.21 lb/sec) onward

51°C (123 0 F)

4950 C (489 0 C - 499 0 C)

1923 0 F (913 0 F - 9300F)]

5.7 mm (0.22 in.)

213 mm (8.37 in.)

B. Summary Results:

C. Comments:

K-675



RODIELEV

FLECHT SEA2Ef 21 KJU 8UmDLE l'fT SEUES
RUA NUIE9'38lbB

TIIITIAL 44AflU. TtMPERATUAE TURiAROJ4) QUENCH
CHA. N 0 AT FLOOD TE PERATuK KiE E TIIE TEMP(EAf(jE

tD.EG F) (DEG F) (uEG F) (SE:034D) (OEG f)

2, 3-
4C 3-
IC 4-
24 5-

2A 5-
10 6-
20 5-
30 6-

5: 6-
10 6-
48 6-
50 6-

24 6-
2D 6-
38 6-
3C 6-

3E 6-
3C 6-
3D 6-
4A 6-

4C 6-
5C 6-
IC 7-
28 7-

30 7-
53 7-
23 7-
2C 7-

2E 7-
3A 7-
34 7-
48 7-

5C 7-
IC 8-
2E 8-
30 8-

58 8-
5C 9-
IC 8-
10 8-

2C 8-
48 q-
5U 8-
30 9-

4C 9-
1010-
4810-
5010-

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

3
0
0
0

9
11

14
17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
141
142

143
145
148
154

156
161
164
167

168

*a 8 a£

1166.
1247.
1336.
1408.

1500.
1458.
1516.
1558.

1517.
1473.
1541.
1446.

1468.
1529.
1560.
1590.

1478.
1563.
1529.
1446.

1541.
1473.
1406.
1432.

1466.
1370.
1381.
1361.

1232.
1374.
14C1.
1418.

1374.
1146.

928.
1214.

1169.
1264.

978.
791.

1051.
1161.
1024.

889.

992.
610.
864.
712.

1179.
1255.
1350.
1424.

1516.
1472.
1531.
15 72.

1531.
1486.
1559.
1470.

1484.
1552.
1582.
1611.

1496.
1586.
1555.
1464.

1565.
1490.
1422.
1447.

14684.
13d4.
1400.
1384.

1255.
1395.
1424.
1438.

1396.
1174.

972.
1244.

1189.
1287.
1000.

820.

1076.
1187.
1042.

912.

1011.
634.
880.
732.

12.
8.

14.
15.

16.
14.
15.
14.

14.
13.
18.
24.

15.
22.
22.
21.

19.
23.
25.
18.

24.
17.
L6.
16.

,£.8.

14.
20.
24.

22.
21.
23.
20.

22.
29.
44.
30.

20.
23.
22.
28.

25.
2?5.
17.
23.

16.
24.
16.
19.

10.

3.0
1. 5
3.0
3.0

3. 0
2.0
2.0
2.0

2.0
2.0
3.0
4.5

3.0
3.0
3.0
2.0

3.0
3.0
3.0
3.0

3.0
3.0
2.0
2.0

2.0

3.0
3.0

4. 5
3.0
3.0
2.0

3.0
4.5

18.0
4.5

4. 5
4.5
3.0
3.0

3.0
3. 5
2-.0
3.0

3.0

4. 5
3.0
4. 5

3.0

752.
267.
237.
74.

6,.

7o1.
732.

LOoS.

661.
106 5.

81j.
1 036.

7jo.

758.
941.

1119.
1093.

763.
11J6.
1065.
748.

1117.
753.
6o4.
833.

9id.
859.
8j9,
a62.

734.
727.
825.
826.

723.
000.
7j6.
864.

041.
7j2.

213.
597.

711.
71.9.
037.
s0 8.

407.
547.
452.

525.

;OJE N," H
111 E OS

45.8
51.0
78.5

120.0

150.0
175.6

125.9
29.9

18is 1
106.0

88.4
201.0

189.0
136.a
2ý5. 4
43.9

190.9

57.9

096. b

57. 4

214.0

119.5

44.0
213.0
143. 9
129.0

200.1
225.2
129.9
164.0

228 . 0
242.0

174. 4
142.0

240. 7
245.0
255.3
226.0

172.0
202.0

105• 7
175.0

173.2
213.1
226.0

72.4

20.02A11- 0
4C11- 0
1lo1- 6

558. 567.
T H E R 14 C, 3 j 3 0 L E u A T A *
T H E R M -3 C O J P L E JA rA*
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RU4 438166 HEArER •.JO STATI.TiCAL DATA

IAX Ticl' (UEG F)14ITIAL TEMP (DEG F) TJR4ARUUN.) NAE (SEC)

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
7778

84
10
96

102
ill
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
96

102
111
120
132
138

IAX
745.5
965.3

1247.0
1391.3
1485.9
1531.9
1610.6
1600.2
1500.4
1562.5
1591.1
1597.0
1590.0
1563.4
1458.1
1417.8
1282.8
1161.4
992.5
963.6
557. 5
638. 1

MIN
659.2
878.7

1166.1
1295.4
1396.5
1490.7
1509.5
1434.5
1453.2
1458.1
1445.7
1468.2
1403.5
1443.6
1355.6
1097.8

928.0
791.5
677.4
609.6
501.0
494.1

MEAN
691.0
910.9

1188.2
1330.8
1423.9
1520.4
1557.8
1522.3
1486.5
1519.3
1526.6
1522.7
1509.2
1493.4
1411.0
1331.6
1193.1
996.4
896.6
713.0
536.9
534.0

MAX
747.2
968.6

1254.6
1406.6
1496.6
1602.5
1630.8
1622.1
1518.2
1 76.5
1605.d
1614.5
1611.2
1586.3
1485.9
1437.7
1307.9
1186.8
1010.9

879.9
'67.4
648-9

aIN
661.5

888.2
1178.5

1307.9
1413.0
1511.7
1527.9
1452.7
1465.5
1471.9
1469.8
1483.7
1422.7
1461.2
136,3.7
li43.2

)71.7
819.9
710.0
634.1
51.2
509.8

MEAN
693.2
916.3

1199.1
1346.4
1439.0
1538.7
1576.4
1542.0
1501.d
1534.0
1544.5
1541.3
1529.9
15155.1
1426.6
1355.1
1219 *10

1020.8
918.4
736.2
549.3
549.4

IAX
1.5
3.0
3.0
4.5
3.0
3.0
3.0
3.0
3.0
3.0
4.5
3.0
4.5
3.0
Z.3
4.5

18.0
3.5

55.5
113.0

4.5
4.5

31 .'4
.5

1.5

3.0
1.5

3.0
3.0

2.0
2.3
1.)
2.0
/.0
2.0
3.0
2. 1
2.0

2.0
3.0
3.0
3.0
3.0

ME AN
.9

1.9
2.6
3.4
2.6
3.0
3.0
2.9
2.6
2.1
2.9
2.9
3.1
3.0
2.0
3.2
5.3
2.9
8.6

16.1
3.5
4.1

TEMp 41SE (DEG F) QUENCH rEEP (DEG F) 3JENcH 1A.IE (2,EC

4AX
2.8
9.5

13.8
20.8
17.7
21.0
20.2
21.9
17.8
20.5
24.1
22.3
25.0
25.5
17.7
45.4
43.7
33.1
38.6
43.5
15.2
19.5

MIN
1.7
2.9
7.6

12.5
10.7
15.6
16.2
16.8
12.3
13.0
13.4
14.7
16.5
17.2
12.6
18.8
19.6
17.4
17.4
16.3

9.9
10.8

MEAN
2.1
5.4

10.9
15.7
15.1
18.3
18.6
19.7
15.4
14.7
17.9
18.7
20.6
21.7
15.5
23.5
26.4
24.4
21.8
23.2
12.4
15.3

MAX
737.7
951.8
758.0
775.3
772.6
b86.1
698.4
966.6
897.6

1359.9
1140.0
1152.6
1130.1
1117.4
908.0
912.0
664.4
719.2
693.9
643.6
530.0
580.3

ill.0
682.0
286.6
2d0. 6
134.8
837.8
364.0
593.Z
326.1
731.9
735.9
767.5
731.8
74 *.0

663.5
664.6
641.3
521.5
513.0
280.2
202.2
481.9

MEAN
637.2
801.3
631.3
629.5
748.6
856.3
878.6
817.6
846.9
910.2
933.5
939.0
927.3
915.0
751.4
787.u
732.2
633.3
620.0
425.3
519.0
510.Z

IAX
4.5

15.6
51.0
78.5

123.0
151.8
162.2
179.0
175.9
187.9
231.0
190 . 2
L96.9
197.7
218.9
239.0
245.0
255.5
?54.0
245.0

20.0
21.0

3.3
4.5

45.j
72.8

120.0
144.3
154.4
157.o
170.9

16.1
32.4
37.4
43.9
51.9
94.0

121.0
142.0
165 . 7

92.9
72.4

9.0
12.5

mEAN
3.6

10.4
t8.
74.8

121.)
i49. 1
1P9.1
166.b
172.3
113.8
122.2
126.0
lil.2
136.6
173.9
182.0
203.0
213.3
189.3
192.7

15.3
17.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43716C

Test Date: 9/4/80

Test Type: Gravity Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.279 MPa (40.4 psia)

8710 C (1600 0 F), 3C 1.93 m

(78 in.)

2.3 kw/m (0.7 kw/ft)

0.830 kg/sec (1.83 lb/sec) 14 sec

0.095 kg/sec (0.21 lb/sec) onward

52 0 C (125 0 F)

508 0 C (497 0 C - 514 0 C)

[947OF (927 0F - 9570F)]

63 mm (2.5 in.)

175 mm (6.9 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 270 seconds.
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R]3) /IL EV

FLc•Ill •EASET 21 ROO BUNDLE TEST SERIES
RUN NUMBER43716C

TINITLAL MAXIMUM TEMPERATURE TUQN&ROUNf QbUkh•
CHAN. NU Ai LLCUC TrhltkATURE RISE TI4E TLMPKEAlUkE

tuE4. F) (OEG F) (DEG F) (SECONDS) (4L I t)

3
3
0
0

7
2
2
2

2
2
3
3

4
4
5
5

5
0
6
6

b

0

0
6

b

17
14
i7

21
SC
53
56

63
o3

64

70
75

-47

95

uli

11,

IZC
121

122
i23
le"4..2 7

126
131
133
13o

31.

142

£45

145'

14e

iol

168

170
172

1Cc4.
12•4,
13 z2.

15 .,.
14t7.

14t2.

.L4 7.

14)8.

1t.

1.155.
1045.

1525.
1:07j.

14t2.

1577.

i424.
Is 31 .

1416.
14 to.
14 It 6.

,L4 2 5.

1425.

12 iG.

13.t,
Ic2b.

In k M L
11£j°

IC, 48.

c 23.

7.13.

5C6.
b57.
4-19.

1092.
1231.
1361.
1413.

1520.
14d6.
1506.
1565.

1574.
1452.

1470.
1491.

1472.
1567.
1568.
1610.

1534.
1591.
15be.
1476.

15-)2.
1552.
1436.
1443.

1468.
1377.
1430.
1418.

1126.
1430.
1453.
1452.

1440.
1229.
1025.
1281.

1204.
1354.
1044.
d31.

C u u P L E D A T A
1139.
10t 5.
911.

1004.
637.
871.
728.

577.
667.
46 9y.

8.
7.

10.
12.

11.
8.

10.
9.

10..
13.

B.
13.

13.
12.
12.
lb.

9.
16.
14.
14.

15.
13.
12.
12.

14.
12.1
13.
16.

22.
15.
15.
15.1

15.
i.
61.
18.

22.
14.
18.
28.

14.
18.
19.

14.
14.
13.
15.

9.
10.
11.

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

2.0
2.0
2.0
2.0

3*-5
2.0
2.0
2.0

2.0
3.5

72.0
3.5

5.0
2.0

O.0
3.5

2.0
2.0
3.5

2.0
3.5
3.5
3.5

3.5
3.5
3.5

277.
74ý.
777.
792.

422.

d47.
600.

749.
574.
937.
(#u3.

9,b4.
1C7.
iilg,.

b 39.

o22.

10o4.
1C37.

775.
74't..

716.
7%6.
o 3o.
757.

744.
70"v.
902.
657.

849.
736.
757.
731.

b72.
o03.
tct.
565.

QUENCH

(SECONDS)

41.5
41.C
69.8

119.9

149.t
113.7

36.2
109.C

179.t
.74.5

117.8
137 .c

41.6
45.4
55.3
53.2

?z- 7- 6
3A 7- 6

36 7- 6
4 to 7- 6

5ý 7- 6
1: 3- 0
21 .•- C
30 i - C

I 36t:. C
63.9

12b.0
179.C

t63. 4

91.7
140.q
126.0

153. C
160.0
149.4
18C. 7

168.9
185. C
126.7

219.3

141.7
192.
1v6.3
193. C

1,3.0
165.*9
214.2
226. 0

244.C
149. 6
221.0

87. t
241.7

20.2

16.0
12.0

53 3 -
51 C
1C
10 o-

50D -
3) 4-

4i 1)-
5)1)-

0
0
6
6

6
6
6
3

3
0

C

626.
427.
550.

oz 1.

535.
!b3.
47Y.

2411- 0
4C11- 0
1011- 6
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kUN , 43716C HEATcR ROD STATISTICAL DATA

MAX TEMP (DEG F)INIfIAL TLMPI t(IA. ri tURNAKoUUN lIAE (SEC)

00
I

L.L V
12
2'.
3',

60
o7
7

7i
72
74.
75
7o
77
7e.

B'.

12u
132
i3o

:Lt
12
2'.,
3',
4 j

61)
b7
76
71
72
74
7:)
7o
77
7c

go

.i02

120
132

13a

M1AX

o55. 3
402 .'t

12243. 1;
I 37o. 6
1•,02.2
loll. i

i55t. 1
150o. 5
1577. 7
:"57,. I

LOUu .

1.57b . t

1437. c
1330. 1;
i125. 4

004.. C
o57*C
634. 7

5Yi.7
91 '.,541 . 0

L3";, . 7
I 31#v. o

1'02 .1

.7,7. E
,44v . 3
,L402 . e
14t40. 7

,L4 3u .*
.14ii .c
1.2 id . o
Iivi .. 3

9.04.2
o(;i . 4

(622 .

47o.*7

FEAN

413.4
Eto.2

11 L'3. 0
1 33).0

, Ito . C

1130.9

I '17. .2
1 3,i'. .,4

1 ý,7
213 7o . c123•,o

•7sC,5
2Sic3

IA X
o56.2
407 a

1230.6
1387.6
1417. 3

1624. 3
IoJ 7,9
1570 .0
1521.4
1586.3
1609.0
1614.5
1610.1
1591.7
14d3 . 7
1452. 7
1354.0
1139.0
1025.* 3
397.5
606.8
648.9 4

MIN
593.0
828.2

1092.3
1315.2
1413.0
1 49o.*7
1497.6
1466.5
1513.8
1459.1
1469.8
4160.2

1441.9
1425.9
1229.6
1125.5
1025.3

631.3

011.6
o37.3
420.4

MEAN
614.3
370.9

1151.5
134 6. J4
1414.4
1537.7
1569.8
1535.b
1517.6
1525.1
1547.1
1546.1
1542.7
1531.8
1407.6
1392.0
1260.9
1017.9
952.3
7611.9
536.6
535.*9

MAX
.5

2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
3.5
2.0
3.5

72.0
3.5
3.5

120.0
3.5
3.5

.5
2.0
2.0
i.0
2.0
2 .Q
2.0

2.O
2.0
2.0
2.0
2.02.0

2.0
2.0
i.c
2.0
2. c
2.U
3.5
3.0

MEAN
.5

2.0
2.0
2.C
2.C
2.0
2.0
2.C

2.C
2.1

2.0

2.0
2.1
2.0
2.2

11.1
2.3
3.1

lo. b
3.5
3.4

r meM niý.c tu4., e) ,JUENCH TEmP (DEG F) OUL,4Cd 1IML (:'tC)

mA X
1.3

10.4
13.1
15. I
14.. 5
15.5

13.S
,d

Ii*4
'. 4. I

1D .6b
17. 7

22.4

27 .;
22 .
30 C
11.'f

12.0

MIN

4 .4.

c.7

4.,'

7,.

12."
11.0
ie t6

Iis. 7
13.6

I0,1

rtAN

.3
4.7
6.0,

10.6
I3.3
12.ts
13.a
13.4
13.4

d.5

1.2.2

12.7

2i,.1
1-.oI4.5t521.1

1-1.6

14,;. 1.

I0.0

MAX
602.6
d67.0
772.3
767.3
834.5
8 d7 . 5
910 .0
900.9
697,3

106(.7
1105. 6
1109.7

1119.4
109 5. 7
o95. 3
302 . 3
L367. 6
6)3. 3

620. 5
5:) 3. 5
5b7.4

MIN
575.9
605.3
275.9
770.2
776.1
829.3
657.4
621.5
o96.5
659.7
750.3

842.3
753.5
622.0

707.6

657.3
672.1
565.3
536.9
297.7
507.6
362.3

MEAN
592.4
838.4

776.4
801.0
362.2
5 4.0
766.4
696.9
84 3.e
926.3
9Q6.4
927.n
991.3
790.2
769.7
775.3
614.3
5F6. 6
456.3
543.0
472.3

MAX
3.1
5.1

41.5
71.4

122.7
151.8
163.8
170.0
168.1
17q.6
183.0
170.2
191.0
17 .0

140.0
219.7
200.0
244.0
231.0
245.0

24.5
?3.5

eiN

1.60

61.0

it.o

It 1.0

144.4
161.0

31.v

'.1.4

ti 3.2

54.4

126.7

14C. 8

141.1

5E.3
E.0

11.4

DhcAl.

2.4
5.0

40.3

lac.ý

148.1
156.3
.,6t4. 5
16t7. 6

112.9
641. 5

221.U
102.2
132.7
16b . l
177.3
200. 0
197.1C

It7°c

17.2
14.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44116D

Test Date: 10/31/81

Test Type: Gravity Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.281 MPa (40.7 psia)

8730 C (1604 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.69 kw/ft)

0.839 kg/sec (1.85 lb/sec) 15 sec

0.095 kg/sec (0.21 lb/sec) onward

510 C (123 0 F)

517 0 C (508 0 C - 524 0 C)

[963OF (9470V - 9750F)]

7.8 mm (0.31 in.)

204 mm (8.04 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 270 seconds, upper plenum filled up at

approximately 330 seconds, and steam separator drain tank subsequently filled up

by 360 seconds.
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k3)VELEV

tLEC rT SEASET 21 RuD BUNDLE TFST
KUN NUMbER4411bD

IINITIAL MAXIMUM TEMPERATJRE
CHA,. NU AT vLCQC T 1rtRATURE RISE

(u..Jr. i) (tow. F) ( DEG F)

SERIES

TURNAROUiD QQENCH
TIME TESiPREASUkc
(SECONDS} (Jtlý t-

28
41

26

24
2)
3 J
5-

I)
41
5)
2A

31
1)
2)

3C

3:
3-"

3)
44

4 i
5 Z
iC
2 i

30
53
21
2¢C

3-
3-
4-
5-

5-
6-
b-
D-

3
3
0
0

7
2
2
2

7

I;

13

it:

55

ol
ot
od
7C

iCtu.
i2i2.
13114.
±3 1 Q.

1532.
1549.

14c3.
I '? 22.
1472.
14• c,t.

1084.
1208.
1323.
1364.

14o7.
1540.
1557.
1548.

14,o4.
15b1.
1486.
14oe.

4.
5.
9.

15.

17.
8.
5.

Ii.

10.
14.
12.

1.0
?.5
2.5
2.5

4.0
1.0
2.5
2.5

2. 5
2.5
4.0
4.0

729.
7b5.
740.
704.

05.
1014.
77).

IC4 7.

1174.

QUENC H
TIM
(SECONDS)

40.5
39.1

119.C

14b.4
52. C
70.2

170.0

53.3
49.2

IoS.C
36.S

3
3
3
4

4
5
5
5

* 4

44

4.

A

4 A

47

') C

L
L;

I - L K 11 C C J U F
T h: tK M Ld U P

Iocc.

144.
151:4.
15 C4.
L4 7C .

L E DA TA*
L E 0 A T A
L i 0 A T A
1613.

1510.
1i01.
16o 1.
ltd d3.

5-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7-
7-

7-
7-

5
b
b
b

6
0

0
0

iu3

ill

1535.

T 11L s. 0 C L

14 ,.

147Q.

143c .
1415 .

1585.
1546.

J L P L Z 0 a T A
1454.

1479.
1355.
1454.
1431.

13.

11.
13.
12.
12.

12.
12.

9.

Q.
10.

15.
16.

2.5

2. 5
2. 5
2.5
2.5

2. 5
2.5

2.5

2.5
2.5
2.5
2.5

4.0

2.5
2.5

112•,

435.

1114.
73,.

766.

7o2.
0.4.

444.
.12 .

0
0
6
6

115
I±7

1.22

6
6
b
6

e13

5: 7- 6

IC 0-
2•- 0
31 ()

54
5C
IC
1-)

1--

m -

0
0
6
6

2C •- 6
43 6
5) •- 6
33 )- 3

I1z9
13

2

134

133

L42114

.ý3
1'.5
ic

1i7

I oc

I o C

i 7c

12 4-.

14'2.
121iC.

132c.

i2 3td.
1347.
1013.
9CC.

10t7.

Ii72.

413.

)57b.

S 7o.

2
c

1
.

1315.
J L P L c C

147e.
146t.

14'5.
1230.
1149.
1344.

1295.
13o1.
1034.
947.

1105.
11'.0.
1140.

,o9.

1031.
062.
448.
773.

507.
670.
247.

16.
A T A

13.
13.

13.
1q.

19.
13.

17.
15.
20.
47.

18.
15.
18.
20.

18.
43.
15.
16.

11.
10.
10.

2.5
4. 0
4.0
2. 5

4.0
1.5
2. 5

68.5

2.5
2.5
2. 5
4.0

4.0
75. 5

4.0
4.0

2.5
2.5
2.5

t11.
733.
76b.
c 7.

b71.
05G.

293.
700.

Di2.
712.
t5t.
t1±.

C62.

541.

39.S

4b°so2.4

0'.. 4
,3.3

52.0
1u2. Q

111.C

lid. C
171.G
13'.C
122.0

127.q

IC±.9

20o.1
172.S
I1.c
157. 6

209.0
219.0
18i.c
172 . '

161.C
Io2. C
?2C.C
146.*

130.9
82. 9

217.C
1 9.8

4C 4-
L)13-
4ý10-
501J-

3
0
0
0

2A11- 0
4C11- 0
1011- 6

20.S
21.C
3. C
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KdN 44l1bD HEATER ROD STATISTICAL DATA

MAX TEMP (DEG F)INiI JAL Tr~i. (~I irLr TURNAROUNC TIML (SLC)

00
Li

SLw
12
2'.
3'4
4 t
ou

67
70
7 1
7e
7.
7)
7o
77
7o

90

102
11i
120
132
13d

12
24
39
4o
6 u

67
7 u
7i
72
7'4
75
7o

77
7 u

'4

100loe
Ili

12u
132
13o

t,20 . 4
653.6

42 U2 .

i 4cQ. 6

1532.4

15 7O . a
1 5 7., . 2
1551.8

A. 5 05 . 7
I tO) . 5

140'..7
i 4o5 . 7
13 7c . 3
1175 . i

1007 . 3
.73 . 2
C)5-). t
00407

oju. 2
!6bv . 2
A.L

3
U, .4

136b .0
14 70 . 3
1525.1

1422.*1
1'.7 c
5 2 SA. 7

±.t~7 . I
i43o*2
.L337 . S
1294 .3

o47 .2

oa1.3
57o,'

?EAN
837.7

043. 4

142o.4.
13C7.7
14C7.4

1 4o161o.7

15 11.4

1I 34 .2
152,2

1 30 . I
I 11,

1277.o

li~c4.i
s57.4
701.9

8i19. 5.4 •7,*

.MAX
621 .5
356.1

1207.7
1322.6
1469. 1
1611.2
1616.7
1541.9
1537.3
15o0.9
1 5(a I* 4
15'.2 . 7
1013.4
1602.5
1479.4
1478. 4
1394.9
llqo,¢
1031 .5

888.2
669. q
657.3

MIN
617.3
833.3

1084.1
1309.0
1377.1
148b.9
1535.5
1541.9
1398.1
1 432.3
14o5.9
1467.7
1483.7
1454.8
1 346.6
1315.2
1 149.4

947.0
665.4
633.1
5a6.6
297.4

MEAN
619.A

1131.5
1315.8
1416.9
1532.6
1576.1
1541.9
1521.6
1521.8
1521.4
1545.0
1542.8
1542.9
1422.5
1411.7
1296.3
1084.1

974.4
731.19
518.3
492.2

MAX
1.0
1.0
2.5
2.5
2.5
4.0
2.5
2.5
4.0
2.5
4.0
4.0
4.0
4.0
2.5
4.0
6.0

68.5
4.0

83.0
4.0
4.0

PIN

1.0
1.0

1.0

2.5
1.0

1.0
2. 5

I.52.5

2.5

1.0

2.5

2.5
2.,
2.5

PEAN
.8

1.0
2.0
2.5
2.0

3.5
2.5
2.5
2.2
2. 2
2.8

2.9
2.7
2.5
2.7
3.6

10. o
3.6

22.9
3. C
3.6

Tire Kl.') (WEI. t) ;UE.4Cd TEH'P (DEG F) OU-iCA JIM, (ý,Et;)

MAX
2.2
.3.1

o.5
1'. .7
20. !
12 .3

9.5

i4'. *I

13.512 .

17.1
20.4

12 ,*
17.1

Mi N
1.1

7.0
o.3
7.07

1.0

5.5
7.1

7.0

iu .0

v..11•,.
14.*

vt. 2

'Lu . 210.3

10,*1

PtAN
1.7
Z.7

o.i

9.,

15.9
cs .1

9.5
9.9

10.3

13.0
12.o
10.7
13.7

17.0
iUO

24.0c
Ii.3
12.7

,I AXA
618. 3
313.5
765. 5
78 1 . 7
371.0
tig 3 . 3
901 *8

o75 .9
1069.3
1227.3
1095.7
1150.0
1121*t
1136.0
875.2
912 •4

712.0
6,35 . 1
661.8
590.8
5o7.3

MIN
610.8
231.3
722.0
779.8
733.7
835.5
805.5
675.9
34•33
780.7
b28 .3
920.8
799.4
734.7
646.8
686.7
6b41.4
535.5
531.0
240.3
541.2
294.2

MEAN
614.6
632.4
738.7
780.7
814.9
R61.12
853.6
675.9
85q.6
967.3

1004.1
1020.7
999.6
991.4
774.1

745.1
639.8
605,.1

468.0
562.2
457.6

MAX
2.3

10.5
40.5
6R.5
119.0
149.0
159.5
159.8
396.0
170.0
165.0
12B.9
170.0
182.0
196.0
203.1
219.0
233.9
245.0
227.0

2P.5
20.0

Pi N
2.0
t.5

3S.i
O0.4

113.9
14C.3

15 1. C
12: 9. b

2E.9
25.o

34.9

4t.9
74.0

±06.9
132.0

18.0

3C.9
3.0

MtAN
2.2
7.2

39.8
o7.4

117.3
145.2
155.2
159.d
14t.i

7C.C
75.2
66.5
63.3

125.4
14t. 9
173.1
197.9

13o.2
23.4
14.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43616E

Test Date: 12/16/80

Test Type: Gravity Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.280 MPa (40.6 psia)

873 0 C (1604 0 F), 4C 1.70 m

(67 in.)

2.3 kw/m (0.70 kw/ft)

0.816 kg/sec (1.80 lb/sec) 15 sec

0.095 kg/sec (0.21 lb/sec) onward

52 0 C (125 0 F)

518 0 C (509 0 C - 523 0 C)

[965 0 F (948'F - 9730F)]

130 mm (5.1 in.)

124 mm (4.9 in.)

B. Summary Results:

C. Comments:
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ROD/ELEV

FLECHT SEAET 21 RJD BUNDLE TEýT SERIES
KU-A NUMaEK43616E

TINITIAL 4AX1lUA TEmpERATuRE TUR4AROJ413 QUENCH
CHA•4. NO AT FLOOD TEMPERAI URE RiE TIME TEMPkEAIdJoE

'DEG F) (DEG F) (OEG F) (SE840DS) (OEIý F)

3
3
0
0

7
0
2
4

9
10
12
16

19
36
39
47

50
52
54
55

58
59
61
63

4
4
4
4

5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

72
75

B AAD
83

86
87
93
94

98
103
110
111

1173.
1254.
1380.
1501.

1531.
1428.
1500.
1463.

1456.
1518.
1458.
1480.

1474.
1472.
1517.
1542.

1554.
1566.

T H E R M O
1486.

1537.
1444.
1423.
1453.

1483.
1400.
1409.
1438.

1273.
T H E R M 0

1173.
1445.

1430.
1209.
1059.
1256.

1244.
1320.
1023.

831.

1165.
1150.
1063.
920.

1015.
588.
868.
716.

563.
670.
313.

1180.
1259.
1398.
1525.

1555.
146•.
1514.
1481.

1494.
1536.
1479.
1493.

1491.
1490.
1534.
1559.

1581.
1587.

COUPLE 1) A T
1505.

1560.
1463.
1438.
1466.

1503.
1417.
1429.
1456.

6.
5.

18.
24.

24.
40.
14.
17.

38.
18.
21.
13.

17.
16.
17.
17.

27.

A <

19.

24.
20.
15.
13.

20.
18.
20.
18.

3.0
1.0
4.5
4.5

4.5
8.5
3.0
3.0

6.5
3.0
4.5
3.0

3.0
4-3
3.0
3.0

4.5
4.5

3.0

4.5
4.5
3.0
3.0

3.0
3.0
3.0
3.0

795.
863.
787.
871.

889.
1388.

895.
939.

1377.
4j4.

1142.
864.

977.
77.9.
957.
288.

1320.
1058.

972.

1049.
754.
790.
787.

917.
743.
851.
939.

QJENH
TIME

(SECONDS)

52.0
48.5
79.4

138.9

165.0
28.4
69.4
76.9

25.7
61.9
41.6

127.1

82.4
87.4
79.9

127.0

35*2
48.8

71.8

58.2
188.6
115.7
95.5

84.4
131.9
132.2
87.3

2F
3A
33
48

5C
lC
2F
3D

58
5C
'C
1D

2C
48
5D
30

7-
7-
7-
7-

7-

8-8-

8-

8-
8-

8-

8-

9-

6
6
6
6

6
0
0
0

0
0
6
6

6
6
6
3

113
** BAD

115
120

122
124
126
129

133
134
135
136

138
143
145
150

152
157
164
166

168
169
171

129b.
COUPLE 0

1195.
1467.

1448.
1233.
1083.
1285.

1267.
1343.
1041.
888.

1197.
1169.
1086.

944.

1036.
709.
887.
736.

573.
682.
325.

23.
A T A

22.
21.

19.
23.
24.
29.

23.
23.
18.
57.

32.
19.
23.
24.

21.
121.
19.
20.

10.
11.
12.

4.5

4.5
4.5

3.0
4.5
4.5
4.5

4.5
4.5
3.0

50.5

9.0
3.0
4.5
4.5

4.5
111.0

4.5
10.5

3.0
3.0
3.0

778.

693.
894.

809.
822.
682.
881.

762.
821.
693.
679.

814.
736.
638.
713.

713.
288.
587.
598.

546.
601.
Z90.

160.7

183.9
136.0

142.4
170.8
182.1
141.0

184.6
165.8
196.0
218.9

159.0
178.0
215.8
181.0

177.0
225.0
208.0
98.8

21.0
37.7

5.5

4C 9- 3
1DIO- 0
49810- 0
5D10- 0

2411- 0
4C11- 0
1011- 6
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RUN 43616E H.ATER RiD STATISJICAL DATA

AAX TEAP IDEG F)I4ITIAL TEMP (DEG F) TJRNAkOUND rIME (SEC)

ELEV
12
24
39
48
60
67
70
73
74
.5

76
77
78
79
80
'1
82
84
90
96

102
111
170
132
138000,,

MAX M1N MEAN
650.4 515.1 636.7
942.8 868.5 901.2

1254.1 1150.9 1187.8
1438.2 1353.0 139C.5
1526.8 1479.4 1502.4
1604.1 1505.2 1555.9
1586.8 1527.3 1559.2
1461.2 1461.2 1461.2
1513.3 1500.3 1506.8
1476.2 1450.5 1461.4
1537.1 1458.0 1489.3
1541.9 1461.2 1492.6
1566.3 1446.7 1508.7
1532.8 1486.4 1510.5
1536.5 1432.8 1483.0
1525.2 1525.2 1525.2
1467.1 1467.1 1467.1
1496.0 1387.6 1450.9
1499.8 1172.8 1373.1
1328.8 1059.3 1249.0
1450.5 797.1 1052.7
1017.0 705.6 891.3
1090.8 587.6 791.8
670.4 455.8 544.1
591.9 312.7 452.3

TEMP RISE (DEG F)

MAX MIN MEAN
1.6 1.1 1.2
4.2 3.1 3.8
9.9 4.7 7.2

18.9 15.5 17.4
23.8 11.9 16.9
28.0 18.0 22.5
2 .3 15.1 18.0
17.1 17.1 17.1
16.8 13.5 15.1
19.3 16.1 17.3
21.4 13.4 17.2
18.2 14.5 16.8
26.5 15.6 18.8
22.1 16.2 19.3
23.8 18.9 21.2
27.5 27.5 27.5
24.1 24.1 24.1
20.4 12.4 16.2
24.6 18.3 21.6
28.7 22.6 24.8
60.0 18.1 29.2
41.6 20.1 25.6

121.1 16.1 36.0
20.4 9.6 14.9
12.1 9.6 10.9

MAX MIN MEAN
652.0 616.2 638.0
947.0 872.7 905.0

1258.8 1158.8 119:.0
1453.7 1371.9 1407.9
1538.7 1494.4 1519.2
1622.1 1525.7 1578.3
1O02.5 1550.6 1577.3
1478.4 1478.4 1478.4
1530.1 1513.8 1521.9
1492.3 1469.8 1478.6
1553.8 1479.4 1506.5
1559.2 1478.4 1509.4
1587.3 1464.4 1527.5
1554.9 1505.2 1529.8
156W.3 1455.9 1504.3
1552.7 1552.7 1552.7
1491.2 1491.2 1491.2
1508.4 1404.4 1467.1
1520.3 1195.2 1394.7
1353.0J 1083.0 1273.8
1470.9 815.8 1081.9
1039.8 747.2 916.9
1107.8 699.4 827.8
681.5 474.2 559.0
601.5 324.8 463.1

QUENCH rEMP (DEG F)

MAX AIN MEAN
642.5 612.4 630.7
854.6 7b0.9 795.9
863.5 73d.8 786.0
788.1 774.3 783.1
878.9 847.7 866.0
937.2 749.3 864.6
938.2 792.2 855.4
774.4 774.4 774.4
894.8 684.0 789.4
90b.3 729.9 787.4

1141.7 454.2 828.2
1004.8 287.7 827.7
1320.0 747.3 941.4
1025.0 969.3 990.6
1061.7 753.7 953.5
1009.5 1009.5 1009.5
984.8 984.8 984.8
930.3 639.4 808.5
938.9 672.5 826.2
880.5 682.1 796.2
817.0 638.2 714.2
713.1 556.7 647.5
687.5 287.7 562.8
600.5 4214.6 511.7
429.3 289.9 359.6

4AX
1.0
2.5
3.0
4.5
4.5
4.5
4.5
3.0
3.0
3.0
4.5
4.5
4.5
4.5
4.5
4.5
4.5
3.0
4.5
4.5

50.5
17.0

111.0
12.0

3.0

MIN

1.0
1.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.5
3.0
3.0

3.0
3.0
3.0

3.0
3.0
3.0

MEAN
.7

1.5
2.5
4.0
3.5
4.1
3.5
3.0
3.0
3.0
3.3
3.2
3.5
3.6
4.3
4.5
4.5
3.0
3.9
4.5

11.4
6.7

20.6
6.8
3.0

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78
79
=10
81
82
84
90
96

102
ill
120
132
138

QUENCH TIME (.EC)

4 AX A . MEAN
2.7 2.,5 2.6

15.0 11.9 13.9
52.4 48.5 51.Z
83.7 79.4 81.5

L42.0 137.0 139.3
169.2 129.8 160.2
179.0 77.5 142.5

91.0 91.0 91.0
99.3 69.4 84.4

I22.7 74.0 96.9
173.0 41.6 98.1
131.8 63.) 95.0
179.2 35.2 90.1
93.6 71.8 77.3

188.6 58.2 102.8
63.4 63.4 63.4
82.5 82.5 82.5

203.0 67.4 115.1
217.3 87.3 147.0
184.6 134.0 165.9
?31.9 75.3 175.1

19.0 148.7 188.1
225.0 93.5 181.4
37.7 9.3 21.0
39.8 5.5 22.7



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44117A

Test Date: 5/9/80

Test Type: Gravity Reflood

Blockage Configuration: Unblocked

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.142 MPa (20.6 psia)

872 0 C (1601 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.70 kw/ft)

0.821 kg/sec (1.81 lb/sec) 14 sec

0.095 kg/sec (0.21 lb/sec) onward

32 0 C (89 0 F)

545 0 C (536 0 C - 553 0 C)

[1013°F (997°F - 1028°F)]

49.5 mm (1.95 in.)'

276.4 mm (10.88 in.)

B. Summary Results:

C. Comments:

Total power: 0.5% decrease by 420 seconds(a)

Carryover, tank filled up at approximately 300 seconds, and upper plenum

subsequently filled up by 360 seconds.

a, Relative to specified conditions
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FLcCCT SEASET 21 ROD BUNDLE TEST SERIES

ROIELE V
RUN

TINITIAL MAXIMUM
C HAN. Nu A1 F•Lid rTEhERATURE

(UtC F) (WEG F)

NUMbER44117A
TEMPERATURE

RISE
(OEG F)

TURNAPOUND QLENLH
TIME TtMPRcAIUoE
(SECONDS) (DEC F)

2A
4-.
'C

2A

24
1)
211
30

5C
10
43
5)

3C
3E
3:
4 A

3.)
5:
'C
2B

3D
53

2C

2=
3%
3 ý

5C
1Z
2-
4C

53
5!

3-
3-
4-
5-

5-
6-
6-
6-

6-

6-

6-
6-
6-

7-
6-
6-
6-

6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-
7-
7-

6-

5-

'I-
3-

2
3
3
3

4
4
6
5

5
5
6
6

0
6
0
0

0
0
0
6

6
6
6
6

6
0
0
6

0
0
6
6

6
6
6
3

3
3
0
0

7
2
2
2

9

14
17

21
50
53
58

61
63
66
6 '

70
75
79
a'4

85
6t
95
"7

11 d.
12c1.
1310.
137?.

1473.
1439.
158,.
15 bi .

14S0.
14-1.
1532.
14'C.

1441.
15t5.
1533.
1552.

1535.
1473.
15 4.
1422.

1134.
1212.
1333.
1390.

1500.
1462.
1568.
1599.

1508.
1456.
1552.
1478.

1458.
1596.
1556.
1577.

1603.
1494.
1582.
1451.

15.
11.
17.
17.

27.
23.
21.
19.

19.
25.
19.
28.

26.1
31.1
23.
24.

28.1
22.
23.
28.

96

111

115

117

121

122
123
124
127

126
131
133
±36

136
139
141
142

143
145
14b
154

156
161

'167

loa
170
172

1316.
TE iW I.o C

1426.
1449.

14 -4.
1323.

TH i A p 0 C

144E.

1339.
1341.
14 tt.
1415.

1267.
121d.
962.
1540.

111,.
11S2.
1142.
1041.

11 f2 .
1165.
1072.
1044.

1064.
5il.

564.
682.
416a.

1333. 17.
J L ) L E DATA*

1441. 14.
1459. 11.

1486. 12.
1343. 19.

0 L P L A DATA
1466. 17.

1356. 17.
1358. 17.
1474. 18.
1433. 18.

1303. 15.
1296. 1is.
995. 13.

1566. 26.

1211. 20.
1167. 15.
1157. 15.
1104. 13.

•1206, 14.
1182. 17.
1069. 18.
1067. 17.

1079. 15.
592. 21.
883. 16.
820. 15.

575. 10.
694. 12.
436. 19.

3.0
* 3.0

6.0
6.0

9.0
9.0
3.0
3.0

3.0
7.5
6.0
7.5

7.5
80.5
9.0
7.5

9.0
7.5
9.0
9.0

3.0

3.0
2.0

2.0
3.0'

3.0

3.0
3.0
3.0
3.0

3.0
3.0
3.0

6.0
3.0
2.0
3.0

2.0
3.0
3.0
3.0

3.0
3.0
3.0
3.0

3.0
3.0
9.0

541.
747.
7oC.
73o•.

7b2.
b3e.
'0b.

1013.

616.
422.

b2z

913.
967.

441.
817.
96r.
b04.

770.

6b6.
014.

723.
626.

74,.

674.
b54.
732.
755.

56b.
b66.
bOl.
952.

74o.
549.
52o.
614.

615.
614.
547.
5b3.

571.
246.
247.
247.

524.
b04.
41C.

373.1

341.b
312.S

317.3
321.4

354.0

341.7
375.1
352. C
3416.0

3t3.,
400.1
2r3 . t
2b3.4

340. E
393.9
425.3
352.t

410. C
4'0.t
374.5
422.6

411. C
89.5
2 55.C
237.G

.22.5
22.5
22.1

QUENCH
TIME
(SLCONDS)

55.6
54.L

103.7
179.8

228.7
276. b
261.3
2o5.;

273.7
264.t
272.4
277.7

268.7
277.;
240.C
279. c

276.4
298.7
263.t
305.5

43 6-
5) 8-
3D 4-

4C 9- 3
1010- 0
4310- 0
5)13- 0

2A11- 0
4:11- 0
1)11- 6
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NUN 44117A HEATER ROD STATISTTCAL DATA

INITiAL T*:Mk *tti- F) MAX TEMP (DEG F) TURNAKOUU TlIME (SLC)

00

'.o

ELIt
12
2,.
3,,
4c

60
67
7u
71
72
7'.
7D
7 o

77
7o

B4
9u
9 o

102
III

12u
132
13o

ELLý

12
24
3,j
4o
6u
67
70
71
72

74
75
7 t
77
7o
84
90
9o

102
111
12u
132
13b

MA A

6 49 .C
o72.6

1200.9
1336.s
148b86. 0
1579.9

o01. 2

15%o. I1800.1

15 d 3 . 6
1579.5
157o.3
1574.5
155v . C

1473.9
i456. C
13 3o . b
1191.9
117'..';

807.0
682.1
(3 .

hil h

1092*2
1249 . 2
133,. 2

14b'.t 6
i45 .0
1442 5
1431.*7
143i. 2
1430.*7
i.t34 . 3
142U.7
1417.b
126D. b
i2b7 .!;
'bi .3

1071.6

570.b

417.6

tEAN
ts93,
k13 .0

1137.2
12e9.9
13s3.o
15C4 .0
153', .6
1531.1
1527.2
1524.7
1515.o

151o.4
1503.1
1497.4
1401.3
1374.0
1i2d.7

112:).3
I,14.2

4io.4

MAX
652.0
877.9
1211.d
1354 ,C
1494.4
1598.1
1619.9
1622.1
1628.7
1605.6
lb02 . 5
1632.5
1602.5
1581.9
1485.9
1474.1
1355.1
1205.6
1192.0

83•30
694.1
644.7

MIN
579.1
765.9

1106.8
1273.4
1354.0
1486.9
1488.0
1461.2
1450.5
1462.3
1455.9
1459.1
1446.2
1448.4
1303.7
1302.7

995.4
1089.2
932.6
591.9
546.)
436.4

MEAN
602.11
820.4

1150.8
1308.7
1407.17
1527.6
.1555.1
1555.3
1549.7
1546.4
1539.0
1540.9
1529.4
1523.4
1416.1
1391.1
1246.2
1140.9
1029.7

804.6
507.B
518.8

MAX
1.5
3.0
3.10
6.0
6.0
9.0
9.0

13.0
9.0
10.5

9.0
80.5

9.0
87.0

3.0
3.0
6.0
3.0
3.0
Q.0
3.0

10.5

PIN
1.0
2.0
3.0
3.0
2.0
3.0
3.0
3.0
3.0
3.C
3.0
3.0
6.5
6.0
2.0
3.0
3.0
2.0
3.0
3,0
3.0
3.0

PL AN
1.4
2.6
3.0
5.3
3.5
6.0
6.0

6.6
5.1
5.5
6.2

14.2
6.2

lb. 4
2.6
3.0
3.4
2.7
3.0
4.5
3.0
6.9

TEMF Ki.). (U"G F) 3UENCH TEMP (DEG F) OULACri life (SEC)

MA A

4.3

15.4
2'.. 1
17.3
27. 3
24.3
4o.3
39.9
30.2
2*.4
30 . 5
20. ,5
30.6
19.1
lo. 4
1 . 6
19.1
17.4
22.7
12.1
25.4

Al N
1.6
5.3

10.9
15. 1

a.4

10.2

17.2

11. *3
17.2
21.5
21,*5

10.6
±L5 . 2
13.1

12.5
14.3
15.0
10.4
1..7

MtAN
2.o
7.4

13.o
18.6

23.6
Z(; . t
24.2
22.5
21.7
23.2
24.4
26.4
2t.0
14.7
17.1
17.5

15.6
15.5
1o.2
i.4
17.1

MAX
648.9
815.8
747.4
786.1
745.8
816.7
952.5
969.0

1011.1
1012.7
981.8

1003.3
990.8
968.8
722.6
812.9
770.4
645.4
841.7
518.7
603.5
571.6

MIN
247.9
597.7
540.7
667.1
09d.1
776.4
808.4
750.0
782.1
812.3
813.7
820.4
798.7
802.7
616.4
581.5
548.5
516.0
245.7
242.5
520.3
410.0

MEAN
516.9
700.,r
670.8
748.3
724.3
792.2
868.4
871.2
888.
905.6
896.1
926.4
894.7
897.-
672.2
599.e
696.0
589.8
522.1
302.2

552.9
488.1

MAX
7.0

10.5
55.6

103.7
179.9
229.8
257.5
257.9
273.6
278.6
287.2
292.0
298.7
305.5
341.8
375.1
400.1
425.3
422.6
328.0
27.0
29.e

PIN

54.0
92.0

17t.9
223. '
233.9
240.2
247.0
25.o
2bb. 3
2t6.0
276.9
263.4
312.9
341.7
293.
29 .4
133.9

89.5
22.5
21.5

MEAN
4.0
7.C

54.6
97.1

178.7
227.7
243.4
249.9
256.9
2t6.1
276.3

278.4
287.4
292.3
325.3
355.2
366.6
378.9
334.1
223.;
24.0

25.1



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43717B

Test Date: 7/9/80

Test Type: Gravity Reflood

Blockage Configuration: 9 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.141 MPa (20.4 psia)

876 0 C (1609 0 F), 3C 1.78 m

(70 in.)

2.3 kw/m (0.7 kw/ft)

0.830 kg/sec (1.83 lb/sec) 14 sec

0.10 kg/sec (0.22 lb/sec) onward

31 0C (88OF)

502 0C (494 0C - 5080C)

[936oF (922 0F - 946°F)]

7.1 mm (0.28 in.)

-0.414 m (-16.3 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 260 seconds, upper plenum filled up by

320 seconds, and steam separator drain tank subsequently filled up by 340 seconds.
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RODIELEV

FLECHT SEASET 21 ROD dUtDLE TEST
RUI NJNdER43717B

TINITIAL IAXIMJM TEMPERA4URE
CH&4. NO AT FLOW0 TEIPERAULME RLSE

(DEG F) (DEG F) (OEG F)

SIRIES

TUR4A•J04) OUE14H
TIME TEAPREATJRE
(SE:ONDS) (DEG F)

3
3
0
0

7
2
2
2

2
3
3
3

4
4
4
5

5
6
6
6

9
11

17

21
50
53
58

61
63
68
69

70
72
75
85

86
95
96
97

6
6
0
0

0
0
6
6

6
6
6
6

6
0
0
0

0

6
6

6
6
6
3

3
0
0
0

98
101
110
111

115
117
120
121

122
123
124
127

128
131
133
136

138
139
L41
142

143
145
148
154

156
161
164
167

1064.
1153.
1270.
14C0o.

1502.
1469.
1524.
1566.

1519.
1471.
1546.
1452.

1477.
1534.
1564.
1593.

1483.
1568.
1535.
1455.

1546.
1477.
1441.
1463.

1495.
1401.
1442.
1449.

1312.
1417.
1451.
1454.

1412.
1305.
1214.
1339.

1216.
1313.
1145.
1098.

1205.
1216.
1122.
1019.

1074.
572.
904.
760.

1076.
1161.
1286.
1417.

1521.
1482.
1!41.
1582.

1536.
148Z.
1567.
1481.

1491.
1561.
1592.
1612.

1503.
1594.
1568.
1483.

1578.
1503.
1455.
1477.

1508.
1412.
145d.
1467.

1331.
1438.
14o9.
1471.

1436.
1326.
1240.
1362.

1241.
1837.
1154.
1107.

1214.
1233.
1130.
1034.

1087.
625.
918.
785.

12.
8.

16.
17.

19.
13.
17.
lb.

16.
10.
21.
35.

14.
28.
28.
20.

20.
26.
33.
Z8.

32.
2b.
14.
15.

13.
11.
lb.
18.

19.
?0.
18.
17.

Z4.
21.
2b.
Z4.

25.
24.

8.
9.

9.
16.

8.
15.

13.
53.
14.
24.

4.0
1.0
4.0
4.0

4.0
2.5
4.0
2.5

4.0
1.0
5.5

10.0

4.0
5.0
1.5
4.0

6.0
b.0
8.5
8.5

8.5
8.5
2.5
2.5

2..5
2.5
2.5
2. 5

5.5
4.0
2..5
2. 5

6.0
6.0
8.5
6.0

8.5
6.0
1.0
2. 5

1.0
2.5
1.0
4.0

2.5
2)1.5

4.0
11.0

2.5

6b8.
739.
677.
738.

849.
7o0.
542.

1027.

d83.
8o1.
879.
749.

793.
760.
927.
990.

761.
1009.
1130.

768.

924.
744.
b66.
694.

894.
663.
7 1.
738.

b27.
752.
771.
743.

741.
712.
653.
853.

623.
70O.
5oa.
602.

o3t.
o79.
519.
030.

5490.
't3L.
3o7.
420.

3LJENCH
C S E N C H i

($EC1,40S)

52.8
51.7
68.5

148.8

196.8
239.6
251.9

90.3

243.0
2z1.5
2 2.9
274.0

2 5.9
257.8
229.9
207.8

266.8
216.9
134.6
269.8

237.8
266.9
Z8 6•b
285.9

190.6
311.0
313.4
310.2

329.7
316.0
300. J
310.8

327.6
348. :
311.8
263.8

364.9
363.8
378.0
361.8

367.9
367.0
290.4
31o.0

353.0
259.8
312.7
119.4

2C
48
3D
30

4C 9-
1010-
4810-
5010-

2411- 0
4C11- 0
1011- 6

168
* 38 A)

,8 A A

568.
T H E R M 3 C 0 U P
T H E R M J C 0 U P

577.
L E u A T A
L E a A r A

9. 514. 68.1

K-691



RUN 437176 HEATE R • 4TATljTlýAL DATA

IAX T~e (UEG I)I4ITIAL TEMP (DEG F) TJR4AKUUhj 11ME (SEý-)

ELEV
12
24
39
45
60
67
70
71
72
74

75
76
77
78
P4

90
96

102
111
120
132
138

ELEV
12
24
39
48
60
67
70
71
72
74
75
76
77
78
84
90
96

102
111
120
132
138

IAX MIN MEAN
532.1 492.6 505.3
844.7 752.4 787.7

1152.5 1064.0 1088.6
1334.1 1228.5 1265.4
1473.0 1378.6 1411.3
1581.3 1489.6 1520.2
1609.0 1506.8 1556.5
1599.2 1444.1 1522.0
1498.7 1450.0 1485.8
1571.6 1468.7 1526.5
1597.6 1452.1 1530.7
1600.3 1472.5 1527.0
1592.7 1411.4 1513.8
1567.9 1450.5 1499.8
1496.6 1378.1 1440.6
1454.3 1311.6 1406.9
1347.2 1213.9 1297.3
1216.5 1098.0 1149.2
1074.3 689.9 990.0

904.2 571.6 762.3
599.9 523.1 563.8
628.9 452.6 507.2

TEMP RISE (DEG F)

MAX MIN MEA.
4.3 2.7 3.9
6.3 4.6 5.2

12.4 7.7 10.1
36.6 15.6 21.7
17.4 10.6 15.4
30.7 18.9 25.5
29.7 21.6 26.5
36.3 11.9 24.4
19.4 10.2 15.6
22.1 12.9 16.1
34.8 10.2 22.0
29.7 14.4 23.2
33.5 19.6 25.3
32.9 22.5 27.9
14.5 9.5 12.9
23.6 16.1 18.1
26.1 18.3 22.5
16.2 7.8 10.5

113.4 11.9 23.8
78.5 13.8 29.4
15.5 8.6 11.0
30.0 10.5 22.8

MAX MIN MEAN
536.4 496.9 509.2
d49.9 758.7 792.9

1160.9 107,.8 109d.o
13>3.0 1244.2 1287.0
1483.7 139b.0 142o.4
i607.9 1520.3 1b45.7
1635.2 1534.4 1583.1
162).4 1464.4 154b.3
1518 .2 14b.z 1501.4
1587.3 1481.6 1542.t
1613.4 1481.6 1552.o
1621.0 L491.2 1550.2
1612.3 1435.5 1539.1
1593.d 1473.0 1527.7
1510.6 1391.8 1453.4
1470.9 1331.0 1424.9
1368.7 1240.0 1319.d
1232.7 11068. 1159.7
1087.2 a03.3 1013.7

918.1 oZ4.6 791.6
608.9 53d.6 574.6
639.4 476.4 530.1

wUENCH FEAP (JEG F)

MAX MIN hEA.4
525.5 490.4 502.8
744.5 590.0 681.3
738.7 24j.7 593.2
959.0 o77.1 804.2
738.2 693.5 718.8
865.2 50c.3 839.2
926.1 d70.2 691.6
919.3 744.1 813.1
903.4 800.6 857.5

123o.2 291.5 830.2
934.7 728.9 823.1

1153.9 755.4 872.2
990.1 722.4 829.4

1129.7 76d.5 861.4
893.6 o53.5 712.5
909.0 626.5 736.6
852.7 o23.0 718.4
678.9 403.7 j76.9
645.4 449.2 572.0
583.0 246.8 338.0
554.5 514.4 532.9
580.1 474.2 508.8

IAX
1.0
2.5

9.5

8.5
8.5
8.5
6.0
5.5

10.0
F.5
8.58 .5
2.5
6.0
8.5
2.5

32.0
25.0
21.5
23.0

A 1,4
1.0
1 . i
1.0
4 .o

1.0
2.0
b.5
1.0
2.5
2.5
1.0

4.0
4.0
5.,
1.0

4.0

1.0
2.j

4.0
2.5
4.5

MEAN
1.0

1.4
2.5
5.4
3.3

7,U

5.9

4.43.9

5.6
6.7

0.8
7.8
2.4
3.5
6.3
2.0
6.4

10.2
8.b

12.8

QUENI.H [ILE (4Ei)

1AX MIN MEAN

2.2 2.0 2.1
1z.9 10.4 11.7
58.0 51.7 54.3
83.5 84.3 86.9

[52.0 148.8 150.3
19.9 188.9 194.5
232.9 206.9 209.3
?45.9 214.9 223.3
232.6 221.8 228.2
254.0 90.3 219.6
274.0 191.4 237.3
257.9 110.3 232.9
?66.8 207.8 248.2
269.8 134.6 245.6
311.0 190.6 279.0
340.8 229.8 310.3
354.9 263.8 334.4
379.6 290.4 354.0
433.0 181.7 312.2
318.0 119.4 261.3

63.1 30.0 45.0
53.0 18.s 33.2



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43817C

Test D ate: 9/5/80

Test Type: Gravity Reflood

Blockage Configuration: 21 rods blocked, coplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

locati on

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.142 MPa (20.6 psia)

8720 C (1601 0 F), 3C 1.93 m

(76 in.)

2.3 kw/m (0.7 kw/ft)

0.880 kg/sec (1.94 lb/sec) 15 sec

0.095 kg/sec (0.21 lb/sec) onward

31 0C (88 0 F)

5050 C (494 0 C - 512 0C)

[941°F (9 2 1°F - 9540F)]

31.8 mm (1.25 in.)

211 mm (8.3 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 260 seconds, upper plenum filled up at

approximately 325 seconds, and steam separator drain tank subsequently filled up

by 350 seconds.

K-693



R331ELEV

2 3- 3
4C 3- 3
1C 4- 0
2A 5- 0

24 5- 7
13 D5- 2
20 b- 2
30 o- 2

tLtCHT SEASET 21 ROD RUNDLE TEST SERIES
MUM NUMBER43817C

IItI IIAL MAXIMUUM TE4PERATURE TURNARnUNO QLEhL H
ZHAN. NU AT FLIOU TEPPERATURE RISE TIME TLAPREAIUE

(DtL F) (OEG F) (WEG F) (SEC9NDS) (ucc F)

9

14
17

21
50
53

58

o 0

b1
63
o '

7C
75
84
61

4B
5:

10
50

2A
38
23
3 C

5-
6-
6-
6-

6-

6-

2
2
3
3

4
4
5
5

3- 6- 5
3Z 5- 6
30 6- 6
4•, 6- 6

4C 6- 6
5C 6- 6
I: 7- 0
23 7- 0

3D 7- 0
5B 7- 0
23 7- 6
2: 7- 6

2E 7- 6
3A 7- 6
33 7- 6

43 7- 6

5C 7- 6
IC 3- 0
2E E- 0
33 8- 0

lct2.

121 A.
1346.
13.'4

15 C9,
14c0.
15CO.
i556.

15t7.
1472.
14 ,.
1419.

1537.
1557.

1527.
1576.
157t.

1467.

15t7.

1541.
14 14 .
14 =2.

14*14 .
13c3.
1403.

1341.
14#7.
14 Jd.
1473.

1454.

13Io.
12tl.

13cb.

1227.
13t2.
1117.
IC 4t.

1092.
1221.
1360.
1410.

1524.
1469.
1511.
1566.

1575.
1467.
1476.
1496.

1476.
1590.
1570.
1611.

1537.
15o4.
1570.
14d4.

1593.
15i3.
1466.
1463.

1486.
1394.
1461.

1499.

1358.
1463.
1492.
140 8 .

1468.
1335.
1276.
1382.

1249.
1396.
1162.
1062.

e6
101
11C

111

115
117
121

122
123
12',

127

i2b
131
133

i3c

13 a

141
142

10.7.
14.
16.

15.
9.

11.
7.

8.i
15.
10.
16.

15.
13.
13.
17.

10.
18.
14.
17.

15.
12.
12.'
12.

12.
11.
14.
15.

18.
16.
15.
15.

14.
18.
16.
16.

22.
15.
15.
16.

11 .
15.
18.

14.
19.
15.
17.

10.
11.
12.

3.0
1.5
3.0
3.0

3.0
3.0
3.0
1.5

1.5
3.0
3.0
3.0

4.5
3.0
3.0
3.0

3.0
3.0
3.0
3.0

3.0
3.0
3.0
1.5

1.5
1.5
3.0
3.0

3.0
3.0
3.0
3.0

3.0
3.0
3.0
3.0

4.5
3.0
3.0
3.0

1.5

3.0
3.0

3.0

21.5

3.0
6.5

3.0
3.0
3.0

335.
622.
b31.
71t.

o22.
79a.
547.
576.

749.
505.
605.
861.

9bb.
665.
654.

1146.

69c.
1115.
t•3.

777.

E26.
734.

736.
70:.

79b.

75o.

loS.

7? 7.
o79.

bbz.

744.
772.
651.

ttc.

595.
53b.

58o.

618.
507.

p34.
.741.
24c.

522.
559.
203.

QUE NC H
TIME

( SECONDS )

43.6
46. 4
65.'

171. 3

218.7
237.6
324.C
320.C

272. 7
282.4
247.7
214.6

132. 5
230. 7
330. G

64.3

312.0
l1oO*
329.C
279.S

266.C
296.C
275.8

255.7

350.C
297. t
293.4
327.S

300.7
34C. .
30b.0
3.5.9

344.0
351.4
339.9
386.6

323.2
370.7
383. 0
399.C

53
5C
1:
ID

2:
4a
50
30

0
0
6
6

6
6
6
3

3-

5-
9-

S 6 A u
1.5
146
154

4C q- 3
1013- 0
4313- 0
5010- 0

2611- 0
4C11- 0
1)11- 6

15 6

1o4

lo7

lod
17C
172

T R M 0
Th tt .

I12C.
9l5.

IC 41.
C21.
b4t.

711.

5t5.
t17.
'i.31

C 0 u P L c O A T A
1178.
1135.
992.

1054.
639.
360.
735.

565.
628.
4d3.

406.i
3C6. 4
423.3

384.C
59.C

398. C
3Y..C

23.5
18.3
14.C

K-694



KUN 4.317C HEATER RJD STATISTTCAL DATA

MAX TOJP (DEG F)INITIAL ItMP (bEG i) TURNAROUNQh TIME (SEC)

0"
LA

FLE v
Iz
2,.
3 o
40
bu
67
70
71
72
7,,
75
7o
77
7o
8',
9 u
9b

102
Ili
120
132
13o

EL t v
12
2',
39
4j
6u

70

71
72
7-t
75
76
77
7o

90
go

102
111
12U
132
13o

MAX N'IiN 1MEN
5d4.6 21?.l !42.7

o90.6 o. v..4 E52.9
1214.2 1061.b 1135.2

1371.C i30Q.'i 133C.o
1395.6 134. 0 1 '4..C

1b0o.2 14b.I 1523.5
1590.2 14ob.9 1552.8
1549.7 L4jt.6 11o.1
1503.9 144o.2 15(0.1
!57*.9 1447.1. 1ýI•0.

lai.59 . 4 .40 .1 1535.0

1594.5 1435.3 1531.6
1577.3 1415.4 1:19.v
i4o-.3 1247.1 Iio.4

i363.0 1227.3 132d.9
lidi.C j04o.2 1136.7
104o.4 41..C 1C I7.3
950.5 o00.o ic5.7
o17.1 47o.4 55o.2

5(o2.2 40.t 9 17.4

fM.t miac (UEG F)

MAX tiis tiAh
2.3 0U. 1.4
7.4 Z.7 5.0

1,.2 7.0 10.6
19.1 11.4 15.0
io.3 .11.7 lo.6
19.1 L4 .v 17.2
i7.1 Ia.( ±0.b
16.2 12.7 15.5
15.3 iz.2 13.7
12.C 7.3 d.8
16.3 4.b 11.Z
iv.5 o 13.4
17.0 I. t 14.7
25.4 ii.t 07.2

15.9 10.5 11.d
17.c 11 .. 14.8
22.1 14.5 17.3
1o.2 l..o 13.a

1t.C 12.5 15. 1
5q.6 14.0 22.d
12.1 •.7 IC.7
14.1 ,b 11.b

MAX MIN MEAN
590.8 529.4 544.2
895.4 816.8 857.8

1221.2 1092.3 1145.6
138b4.4 1314.2 1345.p
1414.1 1409.8 1411.2
1625.4 1503.0 1540.6
1606.8 1499.8 1569.14
1567.9 146a.7 1533.6
1519.2 1508.4 1513.8
15d7.3 1459.1 1526.8
1610.1 1476.2 1550.0
1615.6 1464.4 1548.9
1611.2 1450.5 1546.5
1593.8 1434.4 1537.1
1499.8 1257.8 1428.2
1498.7 1358.2 1458.1
1400.2 1249.4 1346.2
1195.2 1062.4 1150.5
1063.5 931.5 1022.4
9o4.5 639.4 788.6
627.8 490.5 568.8
594.0 479.6 509.12

JUENCH TEMP (OES F)

MAX MEN MEAN
5o8.7 512.9 53q.0
831.4 162.1 598.,2
363.4 334.6 624.0
d31.5 738.4 774.0
752.7 683.8 718.,1
877.9 771.9 824.7
902.0 60d.6 855.1
899.6 594.2 752.7
732.2 b75.7 703.9
1017.4 513.6 738.0
1137.7 611.2 808.9
1120.9 637.3 846.8
1147.7 654.1 815.6
ll14.9 653.0 850.0
836.3 627.8 712.5
7o6.4 644.6 710.0
820.6 651.4 733.0
666.1 537.6 596.3
654.9 459.9 540.2
555.6 244.7 314.2
j39.0 259.7 470.5
536.1 195.4 341.0

MAX
2.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
3.0
4.5
3.0
4.5
3.0
3.0
4.5
3.0
3.0

30.5
3.0
3.0

PIN
C.0
2.5
1.5
3.0
3.0
3.0
3.0
1. ý)

1.b
1.5
1.5
3.0
3.0
1.5
1.5
3.0

3.0
3.0
3.0
3.0

MEAN
.6

2.b
2.6
3. C
3.C
3.0
3.0
2.6

2.3
2.0
2.6

3.3
3.C
3.4
2.1

2.8
3.2
2.3
3.G
9.s
3.0
3.0

MAX MIm MEAN

2.8 Z.5 2.6
9.0 4.5 6.5

46.5 31,.0 43.9
90.4 81.9 66.c

171.3 169.4 170.6
218.7 20t.7 214.1
239.6 227.0 233.o
249-9 232.y 239.2
246.7 239.0 243.2
324.0 4C.9 228.6
325.2 51.2 237.7
325.9 71.Z 223.0
330.0 o4.3 249.3
333.2 ICC.9 245.5
350.0 1,1.4 276.6

371.0 2bC.7 324.4
389.8 297.4 342.3
406.9 306.4 374.C
423.3 I1t.1 347.4
398.0 19.0 233.8
2R.6 11.5 20.5
?8.6 12.8 16.4



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 44317D

Test Date: 11/1/80

Test Type: Gravity Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

short sleeves

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and.

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

.(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.143 MPa (20.8 psia)

873 0 C (1604 0 F), 3C 1.70 m

(67 in.)

2.3 kw/m (0.7 kw/ft)

0.807 kg/sec (1.78 Ib/sec)

15 sec

0.095 kg/sec (0.21 Ib/sec) onward

32 0 C (90 0 F)

506 0 C (498 0 C - 513 0 C)
[9430F (928 0F - 956°F)]

147 mm (5.8 in.)

165 mm (6.5 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 290 seconds, upper plenum filled up at

approximately 350 seconds, and steam separator drain tank filled up by

370 seconds.

K-696



ROD/ELEV

iLoC H7i SLASET 21 ROD RUNDLE TEST
RUN NUtibER443170

T4.N1IIAL MAXIMUM TEMPERATURE
rI.AN. NU A] FLCOiJ TEP~aRATURE RISE

(uto( 6ý) (ýtko F) (DEG F)

SF IU E S

T(JPNAROUND QJLLhCh
TTIM TLMPFiEA[LNE
(SFCONDS) (OiL F-)

2A
4C
ic

2A

2A
2D
30
5C

1D

5)
2A

33
10
2)

3?

3E
3C
3D
44

3-
3-
4-
5-

5-
6-
6-
6-

6-
6-

6-

6-

3
3
0
C

7
2
2
2

3
3
3
4

4

5
5
5

5
6
6
6

6

6
0
0

0

6
6
6

6
6
6
6

6
0

0
0

7
4

IC
13

let
5C
55
54

01

o6

7C

*

8A
d A

'15

U
L
L.

4C b-
5C 6-
1' 7-
23 7-

3[, 71-
53 7-
23 7-
20 7-

2E 7-
34 7-
33 7-
4 a 7-

101
103

111

I 15
117
121
122

IC 42.
litcC
I2 sc.
137C.

14 70.

1571.
15.1.

14b".
15 3'.

1473.
14 -".

T P 0Ml 1 M 0d

T • R P 0
it: Ct

15CO.
1543.
1515.
141Y~.

15 to

15 --t1.
rIriRrC

1 r

13-,4.
14c7.
14tl.

134t2.
T n ik M U

1445.
S4S 1, .

13C1.
13 C'..

1,4 le.

13 L2.
13 c.

.LI t 1.

.162.

2 211.

1107.
ICcE

1ot2.
637.
0 tO .

64t.
#J2.

1053.
1171.
1311.
1394.

1505.
1555.
1586.
1556.

1504.
1574.
1498.
1475.

C o L P L E DA T A*
L 0 L P L E 0 A T A*
C J L P L E D A T A

1628.

1521.
1619.
159 6.
1503.

24.

21.
26.
21.
24.

11.

21.
24.

36.
15.
16.
15.

21.
20.
25.
22.

2.5
2.5
6.0
4.5

7.5
2.5
2.5
2.5

4.5
4. 5
4.5
6.0

123

125
12 1

5C
I C
21
30

5B
5C
10

10

2C
4 3
5D
3D

7-

I-

8-

8-

3-

4.5

4.5
4.5
4.5
6.0

0
0

6
6

8

6
3

124
132
114
137

13v
140
141
142

143
145

14b

157

IOU

163
lot

167
164
I 7C

1604.
1563.

C OU L 0 E 0
1468.

1497.
1369.
146v.

i.02.

1365.
J U P L E 0

1513.
14?8.

1475.
1324.
1325.
1432.

1335.
1410.
1186.
1160.

1227.
1246.
1209.

1102.

1101.
693.
399.
o28.

536.
662.
467.

24.

A T *
13.

14.
15.

22.
21.

22.
A T 4

0'.
22.

20.
23.

21.,
22.

23.
22.
10.

18.

15.
16.

21.
19.

19.
56.

19.

22.

11.
13.
15.

4.5
4.5

2.5

2.5

4.5
4.5
4. 5

4.5

4.5
4.5

4.5
4.5
4.5
4.5

4.5
4.5
2.5
4. 5

2.5
2.5
4.5
4.5

4.5
37.0
4.5
6.0

4.5
6.0
6.0

Z41.
777.
76 t.
74C.

654.
IC 32.

707.
77•.

1075.
1113.
364.
1103.

1104.

024.

11 0.
744..

764.

619.
691.
t44.
422.

927.

664.

6.0c.
72C.
86#3.
b37.

803.
662.
612.
b33.

640.
84g7.

boo.
525.

687.
490.
563.
tcc.

543.
Sc 1.
549o

QUENCH
TI IE

(SECONDS)

53.9
90.3

169.9

214.8
70.,

272.C
255.*0

75.,
75.2
257.6

51.4

88.9

176.
77.S

2o3. C
243. 7

65.1
272. C

1o6.6

247.5
283.9S
216.C

169.7

231.C
203.6

318. C

250.5
216.6
322. C

323.6
335.0

288.C
2110. t

251.0
277 5,
353.1
3:0. 0

265.C
134.9
33o. C
244.E

4C 8-
1013-
4310-
5313-

3
0
0
0

2A11- 0
4CI0- 0
1011- 6

31.5
32.C
9.8

K-697



KUN 4.,3170 HEATER ROD STATISTICAL DATA

MAX TEMP (,DEG F)INITIAL ft,lk' W:t.. i) TURNARAuNU TIAt (SEC )

SLE V
12
2'.
34
4o

60
67
70
7i
72
7'.
7:
7o
77
7o
6'

96
102
111
120
132
13o

MA X

51Y..6
752.4

Ilo0,.
1269.7

1474 . t
1600.3
1595.0

1541 .'.
ido. c
1571. 7
1554. 4'
I 5di . t

1004.11595. C
1462 . I
I 4'i4 . t
142'V'. 2
£230 . 4
1093.c

b03 . 5

MI N

731 6
1042.4
127.0o
.Lib2 . 1

iD2o,3

15 4. 4
13300o
14,2. 5

14 3o . c

.4bu .6
1437 .1
,L33'. i.
134,6.3
1257 .3
1127.i
95o. I
o3l1.

ý 7. 4
4D22.2

MEAN

144.5

1C65.5

12$ 4.3

1515U.7
1 556U 7
1541.'4
1.50.0
1t13.6

1524.2
1532.4
1 35.1
1422.7
1429 .*5
I 3'.'r .2
117,o.9

1•(42.4

S10 .53

MAX
520.4
757.6

1171.2
1311.C
1466.*0
1626.5
161 5.*6

.1559.2
1602.5
1593.d
1574.4
1604.7
1627.6
1615.8
1446.o
1512.8
1452.7
1246.3
1112.0

Zi9 6 . t
661.5
619.4

MIN
509.8
736.8

1053.2
1299.5
1379.2
1505.2
1547.3
1559.2
1405.5

1444.1
1497.6
1475.2

1497.6
1465.5
1356.1
1 364.5
1269.1
1141.1

973.8
693.1
56 5.5
466.7

MEAN
515.1
750.0

1195.6
1305.3
1420.4
1546.7
1581.4
1559.2
1537.0
1532.1
1532.4
1548.1
1556.6
1558.7
1438.8
144 9. 7
1373.2
11i6.35
1060.14

78A.7
623.9
524.0

MAX
.5

2.5
2.5
6.1
4.5
7.5
4.5
4.5
4.5
4.5
4.5

10.5
6.0
6.0
4.5
4.5
7.5
4.5
4.5

37.0
6.0
6.0

?IN
.5

6.0
2.5
t.0

4.2!
4.5
i.5
2. 5
4.2ý

4.5
4.5
4.5
2.)
4.5
4.5
2.5
4. 5
2.5
4.5
4.5

MEAN
.5

2.5
2.5
6.0

3.o
7.0

4.5
4.5
3.8

4.C
4.5
5.3

4.8
3o4
4.5
5.C
3.3
4.5

12.4
5.0
5.6

TEMP Aisr wcG F) QUENCH TEMP (DEG F) OUL4CrH lIML (SEC)

L t-V

12
24
39
46
6 G

67
7U
71
72
7'.
75
7o
77
76

90

102
111
120
132

'13 6

MAA
u.0
7.0

10.c
21.3
23.b
35 . 6b
21.C
17 .:
20.7
22.3
2't. *7
5'4. *5

2a . 4

2o.7

16 .
22.2
31.o
21.3
20.7
55 . S

136 1
16 . I

MIN
w~ C
2.2

20.7

20,7

17.o
13.1

14.6

10.1

21.1
20 . c
13.5
i7.C;
20,*7

IZ 3
12.o

11.1

5.6
10. 1
21.0
11.7
3v . 9
2,ý. .6
17.6
16.4
lo.3
19.5
24.0

23.t

iC.3

±L6. 6

12.'.
15.6

MAX
513.6
742.0
776.5
7o9.8
6 00 .8

686.4
904.1
677.2

1102.6
1252.5
1113.5
1131.2
1104.4
1149.*5
667.2
927.5
642.7
697.2
6o6.9
7o 6 . 9

561 . 3
55 5.6

MIN
502.4
243.9
241.4
766.3
716.0
819.0
784.9

677.2
567.5
711.4
751.4
680.4
757.0
683.7
616.9
666.7
624.7
573.1
460.2
246.8
543.0
286.8

MEAN
508.1
48Q.9
565.9
76Q.0
772 . 3
353.2

677.2
867. 1
911.7
954.4
945.*3

13 6. 7T
749.2
794. 3
720.4
617.5
574.3
471.14
554.11
451.*4

MAX
2.5
9.6

61.5
94.2

16q.9
216.7
230.0
22q.0
267.0
255.0
257.6
277.0
264.8
283.0
297.5
318.0
335.0
361.0
379.0
342.7

40.6
411•.0

r IN

4. 1
4.3

53.9
SC.3

163.3
205.b
217.9
224.0

5t.4

37.7
71.2

51.4

65.6
115.a
155.2
21C.6
251.0
265.0

2.6
31.5

9.0a

PEAN
2.3
7.6

57.1
q2.2

167.6
212.5
223.9
229.0
168.6
122.0
133.
134.6

149.7
i t4. 3
212.3
231.,
274.6
30C6.6
315.3
230.7

34.7
121.5



FLECHT SEASET 21-ROD BUNDLE FLOW BLOCKAGE TASK

SUMMARY AND COMMENT SHEET

Run: 43817E

Test Date: 12/17/30

Test Type: Grav'ity Reflood

Blockage Configuration: 21 rods blocked, noncoplanar,

long sleeves (36%)

A. As-Run Test Conditions:

Upper plenum pressure

Initial peak clad temperature and

location

Initial peak rod power

Flow rate

Coolant temperature

Average and range of initial 1.83 m

(72 in.) housing temperature

Initial bundle water level

Initial downcomer water level

0.144 MPa (20.9 psia)

875 0 C (1607 0 F), 4C 1.70 m

(67 in.)

2.3 kw/m (0.70 kw/ft)

0.812 kg/sec (1.79 lb/sec) 15 sec

0.095 kg/sec (0.21 lb/sec) onward

320C (89 0 F)

521 0 C (512 0 C - 525 0 C)

[969oF (9 53 °F - 9770F)]

17 mm (0.68 in.)

226 mm (8.9 in.)

B. Summary Results:

C. Comments:

Carryover tank filled up at approximately 310 seconds, upper plenum filled up at

approximately 380 seconds, and steam separator drain tank subsequently filled up

at 390 seconds. 0

K-699



FLECH& tEASET 21 ROD 811NDLE TFST

ROD/ELEV

ZA 3- 3
4C 3- 3
IC 4- 0
2A 5- 0

RUN
TImIIlAL MAXIMUM

CHAN. NU AT FLUCD rToWERATURE
(OEG F) ( EG F)

2A
5C

20
10

3D
48
5C
5D

10

2A
20
38

3C
4C
3C
3E

30
4A
1C
2B

30
58
23
2C

2E
3A
38
43

5-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
6-
6-

6-
6-
7-
7-

7-
7-
7-
7-

7-
7-
7-
7-

7
0
2
4

4
4
4
4

9
10
12
16

3t
39
47

50
52
54
55

56
59
61
63

1170.
1263.,
1305.
15C'.

15,6.
1430.
1517.
146b.

1470.
1534.
l4iI.
15CI.

15CI.
14.2.
15 c.
1563.

1180.
1272.
1410.
1542.

1577.
1483.
1528.
1506.

1515.
1555.
1506.
1513.

1517.
1516.
1556.
1578.

NUMBER43817E
TEMPERATURE

RISE
(DEG F)

9.
9.

25.
40.

39.
53.
11.
20.

45.
21.
35.
11.

16.
24.
16.1
14.

SERIES

TURNARijUNn QL)h(,h
TIME TEMPREAIUE
(SECONDS) (CLG F)

2.5
2..5

12.5
18.0

11.0
13.5

2.5
4.5

8.5
4.5

10.5
2.5

4.5
4.5
4.5
2.5

5
5
5
5

6
6
7
7

8
8
0
0

0
0
6
6

6
6
6
6

72
75

4 * A
d3

98
103
lic
111

113

115
120

5C 7- 6
1C 8- 0
2E 9- 0
3D 8- 0

58 8-
5C 8-
IC 8-

10 8-

2C 3-
48 8-
50 8ý
3D 9-

4C 9-
1010-
4810-
5310-

0
0
6
6

6
6
6
3

3
0
0
0

122
124
126
12S

133
134
135
136

138
143
145
150

152
157
164
Io6

168
1os
171

15t9.

THE E k MI
1516.

1567.
1465.
14S2.
15C5.

1542.
1430.
1472.
15C2.

13E3.

11 6.
14tc.

14 J.
1267.
1146.

1316.

1271.
1351.
IC 79.

1CC7.

12C4.
lit4..
1114.
933.

1007.
6t6.
8 i2.
617.

536.
631.
353.

1610.
1612.

C U L P L E 0
1533.

1592.
1489.
1504.
1516.

1560.
1452.
149 1.
1518.

1403.
C 0 iP L E 0

1200.
1507.

1490.
1312.
1228.
1344.

1295.
1373.
1092.
1025.

1242.
1178.
1133.
957.

1026.
729.
843.
716.

544.
639.
363.

32.
23.

A T A

17.

25.
25.
12.
11.

18.
16.
19.
16.

21.
A T A

14.
20.

18.
25.
32.:
28.

25.
22.
13.
18.

38.
13.
19.
25.

20.
63.
21.
39.

8.
9.

11.

6.0
4. 5

4.0

4.5
6.0
2.5
2.5

4.5
4.0
4.5
4.0

4.5

2.5
4.5

4.5
6.0

11.0
6.5

9.5
4.5
2.5
4.5

11.0
2.5
4. 5
0,5

4.5
57.5

(.5
27.5

3.0
2.5
?. 5

617.
656.
76C.
b25.

641.
26o.
t~b.

74,t.

135b.

2163.
75t.

Y37.
25C.
4174.
6,03.

649.
94ý,

669.

977.
727.
736.
770.

40c.
723.
t7L.
tic.

762.
62o.

7(•i.
7ob.
L ,4.

03o.

794.
7 1.
ho".

701.

67,.
244.
451.
247.

e 3.
776.

254.

QUENCHT IME

(SECUNDS)

72.t

121. C
214.5

2.0 .7
447.L
133.9
1 7ý .*1

46.7

169.2
113.t
271.6

1ý3.
251.L
150.;
e3. t

ICO.S
100 . S
155.4

Ic;C. 7

123.7
3Z3.4
235.q
177. 7

167.t
24,.
223.4
161.7

2 c5) .

3.. 8. (v
257.q

270.7
302.7
3Cb. 4
239..

314.C
300Q. t
33i.1
3o7. t

264.t
315. 3
377.4

3i7. t
37ý,. L
775. L.
32d. L

20.C
J4. 5
24. S

2A11- 0
4C11- 0
1111- 6

K-700



RUN 43d17E HEATER RO0 STATISTICAL DATA

MAX TEMP (DEG F)INITIAL TiMP (CE6 F) TURNAUUNC TIME (SEC)

CI

-H

ELEV
12
24
39
46
60
67
70
73
74
75
76
77
78
79
80
81
82
84

90

102
111
120
132
136

ELEV
12
24
39
48
60
67
70
73
74
75
76
77
78
79
80
81
82
84
90
96

102
111
120
132
138

MAA
621.9
950.3

1263.5
1442.9
1529.9
1 t)0. 7
1591.1
1475.3
1525.2
1495.6
1555.8
1563.4
1589.3
1561.S
1566 . I
1558.7
1500.3
1545.7
15.5.8
13o8.2
1503.t
1020.7
1103.8
630.7
551.1

MlIN
586.3
6o7.3
.ilbl . 3
1360.5
.476.o
1505 . 7
1535.3
1475.3
1516.5
14o8 . 9
Il71 .C
1484• 9
±'t~o . 7
15lo.I
1453.2
155d.7

i430.7
11i6 . C
1195.7

75d.4
bc9.3

500 .4
446 . 9o
352.*7

PEAN
tCd.4
vC4.2

1190.4
1396.1
1502.7
1557.5
.156,t.4
1475.3
1520.9
148C.6
1 507.7
1515.3
1531.5
1'36.3
15C6.7
1556.7
1C00.3
1'C3.0
143a.9
1308.4
11C5.9
S21.5
773.5
518.8
451.9

MAX
623.6
956.3

1272.4
1461.2
1541.9
1628.7
1605.8
1491.2
1540.9
1510.6
1570.0
1577.6
1612.3
1584. 1
1591,7
15s8 .4
1523.6
1560.3
1575.4
1391.6
1518.2
1039.8
1115.1
639.4
559,9

MIN
590.8
874.7

1161.9
1396.0
1494.4
1529.0
1559.2
1491.2
1527.9
1489.1
1506.3
1506.3
1484.8
1533.3
1480.5
1588.4
1523.6
1444.1
1200.4
1227.5

780.5
842.7
716.0
455.9
363.3

ME4N
611.i3
910.9

1200.7
1422.0
1526.1
1587.0
1582.0
1491.2
1534.4
1497.7
1527.5
1532.9
1551.4
1555.2
1531,2
1588,4
1523.6
1516.1
1458.2
1333.2
1126.4

944.7
810.9
530.0
461.6

4AX
2.0
2.5
2.5

12.5
18.0
11.3

4.5
4.5
2.5
4.5

10.5
4.5
6.0
4.5
9.5
6.5
6.0
4.5
4.5

11.0
20.0
11.0

143.0
12.5

2.5

PLN
1.0
2.5
2.5
4.5
2.5
2,5
'.5
4.5
2.5

2.5

2.5

4.5
2.5
A.5
6.5
6,0

2.5
2. 5

4.5i.5

2.5

2.5

MEAN
1.3
2.5
2.5
9.6

,3
o.4

4.5
2.5
3.9
4.6
4.1
4.6
3.5

6.4
6.5
6.0
2.6
4.3
6.9
t,6
7.6

26.7
5.3
2.5

TE"P ,.1S8 (WEG F) QUENCH TEMP (DEG F) ouý-N%;, 111ir (SEC)

MAX
4.5
7.4
12.3
35.5
40.5
38.e
23.9
15,9
15.*7
20.2
35.3
24,2

22.2
27,3
29,7
23,3
18,5

22.0
31.8
3d.1
33.4

152.8
19.0
10.6

Mii
1.7
6.0

10.3
1i,0
14.3
14.3
15.9
11.4
15.0
11.4
13.5
14,6
14.6
20 .7
29.7
23.3
10.3

14.4
21.5
12, .

11,1

o.8

MEAN
2.9
o,7

10.3
2o.2

23.4
29.5
17,6
15. 9
13.5
17.1
19.6
17,6
19.9
18,9
24.5
29.7
23.3
13.1
19.3
24.6
20.5
23.2
37.5
11.2

9.7

MAX
559.7
758,2
673.2
765.6
879.2
939.C
846.1
724,5
858.1
912.4

1183.0
974.2

1017,2
974.9
999,6
931.9
932.4
923,0
948,7
d85.4
798,6
700.8
583 .3
576,1
254,4

MIN
246.8
540,9
617.1
704.6
803.6
715.3
663.9
724.5
578.0
602.8
507,0
250.0
648.5
872,7
727.3
931.9
932.4
650.2
651.1
627.6
365.0
529,2
243.6
254.4
254.4

4EAN
436.9
650,6
644.7
742.0
836,1
867.9
76q.1
724.5
718,0
719.0
796.7
763.2
825,7
924,9
896.3
131.P
932.4
790.5
795.3
771.1
658.4
610,8
460,5
458,2
254.4

MAX
6.0

12.6
72,5

127.0
217,9
265.5
274.7
161.8
198.1
265,8
299.9
275,9
309.8
179,0
323,9
13.9
178,8
346.8
371.0
314.0
377.9
362.0
375.0
34.5
28.5

PIN
3.0

11.1

12 16
2 14,o5
2•47,0
265,',
161,6
131.9
171.6
113.6
1 5C.'1
1CC.9
1t(.7
123.7
133.9
170.8
12t,7
161,7
226.9

64.3
2 4.2
95,5
12.0
24,.5

MEAN
4.1

12,1
70.8

124. 3
2 lo. C
256.9
271.5
161.6
Ie.c
2C4.5
206.5
19. .4

167.6
206.0
133.9
17bo
215.1
261.0
185.7
297.1
314.C
296.2

20.4
2t.5





APPENDIX L

INSTRUMENTATION ERROR ANALYSIS

L-1. INTRODUCTION

The error associated with the measured data from the FLECHT SEASET 21-rod bundle

test series was derived from either equipment manufacturer specifications or system

calibration data. Component calibrations were performed to verify that the manufac-

turers' specifications were met and these manufacturers' 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 specifications 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 stan-

dard deviation of the error was calculated from the maximum error by the following,

based on a uniform distribution over the error range:

E2
2 n (L-1)

i=1

1. Loftus, M. J., et al., "PWR FLECHT SEASET 161-Rod Unblocked Bundle, Forced and
Gravity Reflood Task Data Report," NRC/EPRI/Westinghouse-7, June 1980.

L-1



where

G= data path standard deviation

Ei component i maximum error

n number of sources of error

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:

o E' + E' (L-2)d c

where

(a= data path standard deviation

Ed= calibration data standard deviation

Ec = calibration equipment standard deviation

The calibration data standard deviation is a measure of the error involved in fitting the

calibration data. That is,

Ed ( ( f (L-3)

where

Yi = calibration point

Yf = predicted output from the calibration curve

n = number of calibration points

L-2



The calibration equipment standard deviation is a measure of the absolute error of the

calibration point. If the calibration point in the above equation is calculated from an

equation of the form

Y = 1,x i x2 x3

then,

(L-4)

(L-5)

2
y

y

n
(rl X ax i')

and

E =aG2

c yy
(L-6)

The standard deviation of best estimate of error is presented in table L-1, because it is

statistically the most practical estimate of error. The maximum possible error is also

presented in table L-1. This is the sum of all the possible component errors and is the

upper bound of error.

Table L-1 is a detailed listing of the errors broken down by data channel. (See appen-

dix F for identification of channel location and function.) Application of the informa-

tion in table L-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 (tem-

perature, pressure, flow, power). The conditioner is a device which matches the elec-

trical output of the sensor to the input requirements of the readout device. The

readout device measures and records the electrical value of the signal from the condi-

tioner. This recorded electrical value is subsequently used to compute the physical

L-3



TABLE L-1

INSTRUMENTATION ERRORS

Computer Sensor Conditioner Readout Data Path Error

Channel Type Error Error Error Most Probable Maximum

1-238(a) Heater rod bundle ±10
C (±21F) at ±0.3

0
C (±0.5

0
F) ±2.03

0
C (±3.66

0
F) ±1.32

0
C (±2.42

0
F) ±3.33°C (±6.16

0
F)

thermocouples -17.8°C to 277 0 C

(0°F to 5300F)

-0.375% at

277
0

C to 1316 0 C

(530°F to 2400
0

F).

Use ±5
0

C (±91F) ±0.3oC (±0.5'F) ±2.03 0 C (±3.66
0

F) ±3.12'C (±5.62
0

F) ±7.33
0

C (±13.16
0

F)

maximum.

239-324(a) Loop thermo- ±2°C (±4
0 F) at ±0.3°C (±0.5°F) ±2.03

0
C (±3.66

0
F) ±i.74

0
C (±3.14

0
F) t4.53°C (±8.16'F)

couples -17.8
0

C to 277 0 C
(0°F to 530

0
F);

±0.75% at ±5.890
C (±10.61

0
F) ±12.3 0 C (±22.2

0
F)

277 0 C to 1316
0

C

(530
0 F to 2400

0
F).

Use ±10
0

C (±18
0

F)

maximum.

328 -330 Spare

331 3 x 10-4 m
3
/sec 5.2 x 10- 7 

m
3
/sec 7.89 x 10- 7 

m
3
/sec 4.5 x 10-7 m

3
/sec 6.1 x 10-

7 
m

3
/sec 18.4 x 10-7 m

3
/see

(5 gal/min) (0.0083 qal/min) (0.0125 gal/min) (0.0072 gal/min) (0.0096 qal/min) (0.292 gal/min)

flowmeter

L-

a. All channels not utilized



TABLE L-1 (cont)

INSTRUMENTATION ERRORS

Computer Sensor Conditioner Readout Data Path Error

Channel Type Error Error Error Most Probable Maximum

ýn

332

333

334

335-347

348

349

350

9.4 x 10-4 m
3

/sec

(15 gal/min)

flowmeter

3.8 x 10-3 m
3 lsec

(60 gal/min)

flowmeter

9.4 x 10-4 m
3

/sec

(15 gal/min)

flowmeter

D/P cell

[ 7.44 kPa

(1.08 psi)]

D/P cell

[74.74 kPa

(10.84 psi)]

D/P cell

[99.63 kPa

(14.45 psi)]

D/P cell

[79.71 kPa

(11.56 psi)]

5.9 x 10- 7 
m

3
/sec

(0.0094 gal/min)

4.2 x i0-6 m3
/sec

(0.067 gal/min)

1.17 x 10- 5 
m

3
/sec

(0.186 gal/min)

0.015 kPa

(0.0022 psi)

0.150 kPa

(0.0217 psi)

0.199 kPa

(0.0289 psi)

0.060 kPa

(0.0087 psi)

2.37 x 10 6 
m

3
/sec

(0.0375 gal/min)

9.5 x 10- 6 
m

3
/sec

(0.15 gal/min)

9.46 x 10-6 m
3

/sec

(0.150 gal/mim)

0.011 kPa

(0.0016 psi)

0.112 kPa

(0.0163 psi)

0.149 kPa

(0.0217 psi)

0.045 kPa

(0.0065 psi)

1.36 x 10- 6 
m

3
/sec

(0.0216 gal/'min)

5.45 x 10- 6 
m 3

/sec

(0.0864 gal/min)

2.72 x 10-6 m
3

/sec

(0.0432 gal/min)

0.011 kPa

(0.0016 psi)

0.108 kPa

(0.0156 psi)

0.144 kPa

(0.0208 psi)

0.043 kPa

(0.0062 psi)

1.62 x 10- 6 
m

3
/sec

(0.0256 gal/min)

6.76 x I0- 6 
m

3
/sec

(0.107 gal/min)

8.85 x 10- 6 
m

3
/sec

(0.140 gal/min)

0.012 kPa

(0.002 psi)

0.124 kPa

(0.018 psi)

0.166 kPa

(0.024 psi)

0.05 kPa

(0.007 psi)

4.32 x 10- 6 
m

3
/sec

(0.0685 gal/min)

1.91 x 10-5 m
3

/sec

(0.303 gal/min)

2.39 x 10-5 m
3

/sec

(0.379 gal/min)

0.037 kPa

(0.0054 psi)

0.37 kPa

(0.054 psi)

0.492 kPa

(0.0714 psi)

0.148 kPa

(0.0214 psi)



TABLE L-1 (cont)

INSTRUMENTATION ERRORS

r-

Computer Sensor Conditioner Readout Data Path Error

Channel Type Error Error Error Most Probable Maximum

351 D/P cell 0.100 kPa 0.0744 kPa 0.0718 kPa 0.083 kPa 0.246 kPa

49.9 kPa (0.0145 psi) (0.0108 psi) (0.0104 psi) (0.012 psi) (0.036 psi)

(7.23 psi)]

352 D/P cell 0.159 kPa 0.119 kPa 0.114 kPa 0.13 kPa 0.39 kPa

[79.71 kPa (0.0231 psi) (0.0173 psi) (0.0166 psi) (0.019 psi) (0.057 psi)

(11.56 psi)]

353 D/P cell 0.150 kPa 0.112 kPa 0.108 kPa 0.12 kPa 0.37 kPa

[74.60 kPa (0.0217 psi) (0.0163 psi) (0.0156 psi) (0,018 psi) (0.054 psi)

(10.82 psi)]

354 D/P cell 0.229 kPa 0.172 kPa 0.164 kPa 0.19 kPa 0.57 kPa

[ 114.6 kPa (0.0332 psi) (0.0249 psi) (0.0239 osi) (0.028 psi) (0.082 psi)

(16.62 psi)]

355 D/P cell 0.1 kPa 0.10 kPa 0.099 kPa 0.12 kPa 0.34 kPa

[69 kPa (0.02 psi) (0.015 psi) (0.014 psi) (0.017 psi) (0.049 psi)

(10 psi)]

356 Spare

357 D/P cell 0.249 kPa 0.187 kPa 0.179 kPa 0.21 kPa 0.62 kPa

[124.5 kPa (0.0361 psi) (0.0271 psi) (0.0260 psi) (0.030 psi) (0.090 psi)

(18.06 psi)]

358-359 D/P cell 0.174 kPa 0.130 kPa 0.126 kPa 0.14 kPa 0.43 kPa

[87.01 kPa (0.0252 psi) (0.0189 psi) (0.0182 psi) (0.021 psi) (0.062 psi)

(12.62 psi)]



TABLE L-] (cont)

INSTRUMENTATION ERRORS

f-

Computer Sensor Conditioner Readout Data Path Error

Channel Type Error Error Error Most Probable Maximum

360 PT cell 0.690 kPa 0.414 kPa 0.40 kPa 0.52 kPa 1.50 kPa

10.28 MPa (0.100 psi) (0.060 psi) (0.058 psi) (0.075 psi) (0.218 psi)

(40 psi)]

361 PT cell 1.035 kPa 0.621 kPa 0.59 kPa 0.773 kPa 2.25 kPa

[0.41 MPa (0.150 psi) (0.090 psi) (0.086 osi) (0.112 psi) (0.326 psi)

(60 psi)]

362 PT cell 1.725 kPa 1.03 kPa 0.994 kPa 1.30 kPa 3.75 kPa

[0.69 MPa (0.250 psi) (0.150 psi) (0.144 psi) (0.1.88 psi) (0.544 psi)

(100 psi)]

363 PT cell 2.93 kPa 1.76 kPa 1.69 kPa 2.20 kPa 6.38 kPa

[1.17 MPa (0.425 psi) (0.255 psi) (0.245 psi) (0.319 psi) (0.925 psi)

(170 psi)]

364 Steam flow (See table L-2)

calculation

Equiment Response Calibration Standard System Results

Bundle Power Most Probable Maximum Most Probable Maximum Most Probable Maximum

325 Primary t
2

.0
8 9 

kw ±3.619 kw ±0.488 kw ±0.448 kw ±2.136 kw ±3.646 kw

326 Secondary ±0.825 kw ±1.4304 kw ±0.448 kw ±0.488 kw ±0.9388 kw ±1.499 kw

327 Steam cooling ±0.0512 kw ±0.08872 kw ±0.014 kw ±0.014 kw ±0.0531 kw ±0.08988 kw

328-330 Spare



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 (±fl.001 per-

cent) in comparison to the element errors, and were considered to be negligible.

The error values listed for sensor, conditioning, and readout are the manufacturers'

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 lists 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 calibra-

tion equation by assuming that the maximum error occurs simultaneously in each com-

ponent of the calibration equation.

The overall system standard deviation is calculated using the method described earlier

for combining standard deviations (equation L-2).

L-2. TEMPERATURE MEASUREMENTS

The analysis for channels 1 through 324 is for temperature using type K thermocouples

for the sensor, a 65 0 C (150 0 F) reference junction for signal conditioning, and the com-

puter for readout. In the range of temperatures from 277 0 C to 1316 0 C (530°F to

2400'F), the sensor error is a percentage of the magnitude of the temperature. For

temperatures below 277°C (530 0 F), the sensor error is a constant *1.0°C (±1.8 0 F).

L-3. POWER MEASUREMENTS

Computer channels 325 and 326 were (respectively) the primary and secondary channels

used for the forced and gravity reflood tests. An SCR (silicon-controlled rectifier)

regulated the amount of power to the test bundle to a maximum of 160 kilowatts.

Channel 327 was used for the steam cooling tests with a manually controlled power

supply delivering up to 8 kilowatts. A watt transducer, utilizing the Hall-effect

method, was used to record the power delivered to the test bundle. Calibrations were

performed, on the watt transducer at periodic intervals to meet the manufacturer's
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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.

L-4. FLOW MEASUREMENTS

Channels 331 through 334 were the injection line turbine meter computer channels. 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 combined using equation (L-1) to

provide the most probable error.

Steam injection flow for steam cooling tests was calculated by the computer using a

special subroutine, and recorded on channel 364. Data measured from the injection line

orifice section, temperature (channel 318), pressure (channel 363), and differential

pressure (channel 355) were used in conjunction with the general hydraulic equation(1)

to calculate flow. The actual mass rate of flow is given by

M = 0.52502 kYd 2Fa _'pI (P1 - P2) (L-7)

where

M = mass rate of flow (Ibm/sec)

d = orifice diameter (in.)

Fa = thermal expansion factor

K = pressure loss coefficient

Y = flow expansion factor

1. Fluid Meters, Their Theory & Application, 6th edition, American Society of Mech-
anical Engineers, 1971.
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p1 = density of upstream fluid (lbm/ft 3 )

P1 = upstream pressure (psi)

P 2 = downstream pressure (psi)

Since the above equation is of the same form as equation (L-4), the overall (most prob-

able) error was determined using equation (L-5). The error associated with each factor

in the flow equation is listed in table L-2. The most probable errors for the flow coef-

ficient K, expansion factor Y, and thermal expansion factor Fa were taken from Fluid

Meters. The error associated with the measured orifice diameter, d, was estimated.

The most probable density (pl) errors were estimated by examining the effect of the

errors associated with pressure and temperature measurements on selecting tabulated

density values. The error for the pressure drop across the orifice, P 1 - P2 , was taken to

be the most probable error for the differential pressure cell (channel 355).

L-5. PRESSURE

Channels 335 through 363 were the loop pressure channels. Manufacturer-specified

errors were used for the data path component errors. These were combined using

equation (L-1) to determine the most probable error associated with these respective

channels.
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TABLE L-2

MEASUREMENT ERROR ASSOCIATED WITH STEAM INJECTION FLOW(a)

K Y d Fa P1  AP Overall Error

u /K y /Yy u/d y /Fa y a /P1 y (u /AP y Om/m
K K y y d d Fa Fa P1 P1 AP LP
(%) (%) (%) (%) (%) (%) (%)

±1.0 1 ±0.38 1 ±0.12 2 ±0.006 1 ±0.41 1/2 ±0.17(b) 1/2 ±1.12

.3.4(c) :±2.03

Flow equation M = 0.52502 KYd 2Fa4/1 (P 1 - P 2 )

2 - 2

Most probable ID = z" i xiu)
error ( =in

a. Errors are assumed constant over flow range.

b. Error is based on transmitter full-span measurement of 0.69 MPa (10 psi).

c. Error is based on transmitter measurement of 0.0034 MPa (0.50 psi) (low-flow test measurement).





APPENDIX M

CALCULATION TECHNIQUES

M-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 exper-

imental data (as read from data tapes) and as-built heater rod dimensions, coupled with

a mathematical model (paragraph M-2).

The DATAR code consists of 13 overlays, to reduce the computer field length required

for code execution. These overlays consist of the following:

-- The main program overlay, together with those subroutines necessary to calculate

film coefficients N

-- The overlay which controls the reading and checking of input data, from both cards

and tape

-- The overlay which checks for restart and, if present, properly positions input and

output files and sets internal values

-- The overlay which reads input information from the main data tape header and

calculates several internal values based on this information

-- The overlay which checks card input consistency and echoes the information to

printed output

-- The overlay which echoes data tape header information to printed output
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-- 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:

(1) Radial node positions are calculated based on built-in radii and interval informa-

tion. It should be noted that the code performs its calculations in the radial direc-

tion 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 included in the bad

channel list and the first temperature is greater than 66 0 C (15 0 0F). 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 M-2.

(7) The data and results of calculations performed in step (6) are written to output.
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(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:

-- To calculate the coefficient matrix

-- To calculate the temperatures and surface heat flux given the coefficient matrix

-- To invert the tridiagonal coefficient matrix

Several other subroutines perform miscellaneous calculations, such as material property

evaluation and data interpolation.

M-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 com-

plicated. 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 eigenvalues are not readily obtainable from the resulting Strum-Louisvalle system

of equations; hence, a Fourier series representation o4 the solution cannot be deter-

mined. Transformation techniques lead to 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 governing partial

differential equation and the associated difference approximation 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
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therefore be treated as constants. The validity of this assumption is addressed in

paragraph M-10. When the difference approximation has been obtained, the solution

method is described in considerable detail.

M-3. Basic Equations and Geometry

Let T(r,t) denote the temperature at position r and time t in the ranqes 0 < r < b,

t> 0. The applicable partial differential equation is

a /k aT" k 3T ,, D
a k + k IT + q. = Pc IT (M-1)

where k and c depend on T and are thermal conductivity and specific heat, respectively,

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.

The following boundary and initial conditions are given:

IT(0 9t) 0 (M-2)
3r

T(a,t) = TD(t) 0 < a < b (M-3)

aT(b t) 4k (M-4)
r =

T(r,0), the initial temperature distribution, is also given.

Equation (M-2) assures symmetry at r = 0. Equation (M-3) represents the measured

temperature at an internal point a. Equation (M-4) introduces another unknown, P, the

flux to be determined.

Since the measured temperature is given at discrete times, the partial differential

equation may be viewed as a system of ordinary differential equations, one equation for
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each temperature measurement. The factor 4 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 0 is computed at each time step using only

the measured temperature at that time step, then the flux and external temperature

will behave erratically. The second reason, the propagation effect, occurs because the

flux 95 reflects the behavior of the rod at the boundary, and the temperature is mea-

sured 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 bound-

ary 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 k at one time

step, given the temperature measurements at future times. A representative propaga-

tion 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

consideraton (0 < r < b) is composed of n radial regions, each with 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 Ri_1 and Ri;

then,

lim'T(r,t) = lim T(r,t) (M-5)

r E: R i_ r e R i

r-d r+d

lim 3T(rt) k(T) = lim DT(rt) k(T) (M-6)3r 3r

r E RiI r E Ri

r+d r d
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Given equations (M-1) through (M-6), the appropriate difference equation is first

derived for each region separately using equation (M-1); then the regions are coupled by

imposing equations (M-5) and (M-6). Equations (M-2) and (M-4) supply the boundary

values, and equation (M-3) and the initial temperature distribution are used to develop

the solution for t > 0.

M-4. Difference Equations

The following approximations are used for the partial derivatives in equation (M-1):

k r k r( + Ar,t) - 2T(r,t) + T(r -Ar,t) (M-7)
D r 3 r (Ar ) 2 IT~t

k aT[ k kET(r + Ar,t) - T(r - Art) (M-8)
r 3rr[ 2Ar A~)

PC 3T PT(r,t) - T(r,t - At)]
at~~p At A)8t = oe At(M-9)

The approximation of equation (M-7) neglects the term (3k/3arX 3T/Dr). The justifica-

tion for this omission follows from the fact that (k/ ar)( 3T/ r) is much smaller than

k/r (DT/ar), the term in equation (M-8).

Since -1 = ak 3Tar aT ar

ak @T
ar ar

r ar

may be written as

r ak aT
k Tr ar
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Now r is small, less than 0.1. It is shown in paragraph M-10, for each material,

(1/k)( ak/ 3r) is less than 0.01. In fact, it is less than 0.001 for almost all materials.

Finally, aT/ar is a well-behaved function of r. Therefore the term omitted from

equation (M-7) is less than 0.1 percent of the term in equation (M-8).

The approximations of equations (M-7), (M-8), and (M-9) also make use of the fact that

k and c are slowly varying functions of T. In paragraph M-10, these assumptions are

justified by showing that @k/ 3T and c/d T are small.

Other approximations that could be used instead of equation (M-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 time

t = 0, the required initial condition is supplied.

Equations (M-7), (M-8), and (M-9) are only used inside each region; the interface

between regions is covered in paragraph M-5.

The approximations in equations (M-7), (M-8), and (M-9) are substituted into equation

(M-1). Letting rl,..., rk denote the points in a region R and letting Ari = ri+1 - ri and

Ti =T(ri,t), equation (M-1) may be rewritten as follows:

Bi Ti_1 + AiTi + CiTi+1 = Di (M-10)

where the coefficients are given by

Bi= 1 - (Ar)i/2(ri) (M-11)

Ai= -2 - (pici/ki)(Ari)2 /At (M-12)

Ci= 1 + (A r)i/(2ri) (M-13)
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(Ar )21 (Pc/k.) (Ar )2 At (M-14)

In equations (M-11) through (M-14), Pi, ci, ki, and qi denote the value at the point ri,

and Told is given by T(ri, t - At). Note that ci andki are evaluated using the previous

temperature Told This assumption is related to the assumption used in derivine
equations (M-7), (M-8), and (M-9).

In equations (M-10) through (M-14), the two points ro and rk+1 were used; these points

reside at a distance Ar from the region r. The use of interface and boundary conditions

eliminates these fictitious points.

M-5. Interface Conditions

Equations (M-10) through (M-14) hold for each region. The interface conditions in

equations (M-5) and (M-6) are now applied and the redundant temperatures are elim-

inated. Ignoring for a moment the left-hand boundary of region 1 (the origin) and the

right-hand boundary of reqion n (the external surface), equation (M-10) can be written

for each of the internal interface points.

For region Ri, the equation for the right-hand boundary may be written

BkTkl + AkTk + CkTk+1 = Dk (M-15)

Here k denotes the right-hand end point of Ri.

For region Ri+l, the equation for the left hand boundary may be written

I I I I I I

B1T0 + AITl + C T; = D1 (M-16)

Here 1 denotes the left-hand end point of Ri+i, and primes are used on the coefficients

and temperatures.

M-8



Because of the overlap of the regions, the temperatures Tkl, Tk, and Tk+1 refer to the, I !

same spatial points as do To, T1 , and T2 , respectively.

The interface conditions, equations (M-5) and (M-6), then lead to the followinq

equations:

T T (M-17)k 1

Tk+1 - T k-1 k T- T
i 2(Ar)i = ki+1 2ri+ (M-18)

Equatioh (M-17) requires that the temperatures are in agreement at the interface

point. Equation (M-18) is a difference approximation to equation (M-6), which requires

that the heat transfer out of region R1 is the same as the heat transfer into region
Ri+1.

Equations (M-15) through (M-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 Tk_!, Tk, and Tk+1 for these temperatures,

and letting

k i+.(Ar)i
y ki(Ar) i+1

equations (M-8) through (M-15) may be combined to obtain

BkT + AkTk + T =D (M-19)
kk-i k 1 k+1 = Pk

where the primed coefficients are given by

B' =B1(Bk + C ) (M-20)
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Ak=B1A + ,ACk M-1(M-21)

c k = ac, (B, + C1 ) (M-22)

D, = BjDk + oDIck (M-23)

Equations (M-10) and (M-19) now provide a tridiagonal system for the temperatures

internal to the total region under consideration, 0 < r < b. For a point internal to a

region Ri, equation (M-10) is used, and for interface points, equation (M-19) is used.

M-6. Boundary Conditions

Derivation of boundary condition equations is given in the following paragraphs.

M-7. External Surface Boundary -- Letting TN represent the temperature at the

external boundary, equation (M-10) may be written

BNTN_1 + ANTN + CNTN+1 = DN (M-24)

Further, equation (M-4) may be written in difference form as

T= 1  T -N (M-25)
2 ArN-1 'N

Combining these two equations yields

(BN + CN)TN_1 + A4TN = DN I 1N ¢(M-26)

M-8. Internal Boundary -- For r = 0, equation (M-1) and the condition in equation (M-2)

may be used to derive the appropriate equation for To* Rewriting equation (M-1) yields
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ak aT + k a2T k aT PC 3T - q
Fr _Fr T2 + _r Tr_ _Ftr

(M-27)

At r = 0, DT/ Dr = 0; moreover the term (l/rX DT/ Dr) may be replaced by 32 T/ ar 2 at

r = 0, by using L'Hospital's rule, since DT/ @r = 0. Using these expressions, equation

(M-27) may be rewritten as

22T pc DT q-
Dr2 - k Dt k

(M-28)

The term 3 2 T/@r 2 in equation (M-28) is approximated using (2T 1 - 2T 0 )/(Ar0 ) 2 . This

expression is the standard three-point difference approximation to the second deriva-

tive with the symmetry condition T_1 = T, being used, since 3T/3r = 0.

The difference equation may be written

A0 T0 + CoT1 = Do (M-29)

where the coefficients are given by

P0 c 0  (Ar 0 ) 2

=k0 At
(M-30)

Co=4 (M-31)

D _ -P 0 c0 (Ar0)2

D0 k= k T (0, t - At)
(Ar0 ) 2

k 0(A (M-32)

Equations (M-10), (M-19), (M-26), and (M-29) form a linear tridiagonal set of N+1 equa-

tions in the N+1 unknowns TO,...,TN. However, equation (M-26) introduced another

unknown, 0, but equation (M-3) leads to one of the T's. As a result, there remain N+1
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equations in N+1 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 TM moved to the right-hand side. Instead, ( is estimated using

the values of TM at future times. TM is treated as an unknown, thus keeping the tri-

diagonal structure of the equations.

E-9. Method of Solution

Let Tt = (TO, ... , TN); Ti is at time

be the tridiagonal matrix:

B B A C1

B 2 A 2 62

t. Tt-I is a similar vector at time t - At. Now let A

"BN-I "ANI
*C

N-i

Let D be a diagonal matrix with the i-th element given by

_ici 
(Ari)

2

k i At

Here ci and ki are evaluated at Tt- At

Let q be the vector with the i-th component given by

(Ar i)2
- __ _k _
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Finally, let 6 be a vector with 6i = 0, i = 0, ..., N-i; and 6N = 2 CNArNI/kN.

Equations (M-10), (M-19), (M-26), and (M-29) may be abbreviated as

ATi = DTi + qi+ (M-33)

Again, ci is unknown, but Ti is known.

For simplicity, assume i = 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:

APk = DPk-1 + q (M-34)

with pk-i given. Similarly, let Hk denote a homogeneous solution of the following:

AHk = DHk-1 (M-35)

with Hk-1 given. Begin these sequences as follows:

P 0 = To (M-36)

and

AH1 - 6 (M-37)

Define Ti by T1 = P1 + PmH_; then Ti satisfies equation (M-33) in the form

AT' = DTO + _q_+

This may be proved as follows. Multiplying the equation defining Ti by A yields
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AT1 - A(Pi + ]pH1)

=-EO + _q + •i

using equations (M-34) and (M-37).

Notice, however, that P 0 = To from equation (M-36); the proof is complete.

Moreover, if

Tk = +k + + ýk-IH2 ... + (M-38)

then Tk satisfies equation (M-33) for all 61 , 02, ... , 46<k The proof of this result is easily

given by induction.

Therefore, given T0 , future temperatures may be approximated by T1, T 2, ...Tk, as far

as necessary.

Note that the computation of Pi and Hi requires only the solving of a tridiagonal system

with the same matrix A [see equations (M-34), (M-35), and (M-37)].

Given that T', T2 , ... , Tk have been computed, the values of Oi are chosen so
that Ti agrees with Ti . Since there are k conditions and k unknowns, the values of

Im data*
E may be obtained exactly. However, the experimental error in Tdata causes 0 to

behave erratically if this procedure is followed.

It is more reasonable to derive a relationship between the SO values, and then to obtain

k equations in the one unknown, i• In other implementations it is assumed that either#

is constant (that is, 6i = -2 ..... o k) or that Oi+l is a prescribed linear or quadratic

function of SO
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The approach in this study was to use the measured temperature profile to derive a

relationship between 4i and (P+. First, the heat balance for the whole rod may be

written as follows:

'-V - 4A = x constant (M-39)

where

V = volume of heated region

A = rod surface area

The aT/3 t term in equation (M-39) cannot be computed before ss is calculated; how-

ever, it may be estimated by

i i-T

aTD -DTD
t ~ TAt(Ti

Here TD is the measured temperature Tdata Therefore equation (M-39) may be

approximated, yielding

q,,,V _iA TD - TD-

q V - i x constant (M-40)
At'

Assuming that the constant is independent of time, and writing equation (M-40) for both

i and i+1, the constant may be eliminated. Solve for 4i+, in terms of 4i to obtain

qbi+1 = Ei+1l Pi + Fi+l (M-41)

where Ei+l and Fi+1 are given by

Ei+1 _(Ti+ 1 - Ti)I(At) i+1
E i 'i-')/(At)

(TD - TD )/(
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F i+l= [(q ,)i+1 xV - x (q,,)i x V] /A

This relationship predicts the future behavior of 41) more accurately than any of the

aforementioned methods.

Moreover, a similar relationship may be derived for 01i+2,0 i+3, ... in terms of . If

these expressions for future 0 values are substituted into equation (M-38), there results

the following expression for Tk in terms of H1 , H2, Hk, pk andO 1:

k k -'1 kT~c +4

where cXk and Ik are given by

k-1
ak = pk + Z Fk+l-j Hj

j=1

i-i
k 4 + Z Ek+l-j Hj

j=1

Now choose 161 by the standard least-squares procedure so that T 1. Tk best
fits T1 T k Thus,

data' T. .data h

k

T Ti -ix
data m m

¢1 i-i

k
z x

m m
i=1

where i and li reprsent the m-th components of the temperature vectors (X' and$im m-- -

Therefore 4 1 is chosen so that the computed temperatures for the next k time steps

best fit the measured temperatures for those k time steps.
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Experience with this method suggests that k = 3 is an appropriate number of time steps.

M-10. Variation of k and c With Respect to T

In deriving the difference approximations for equations (M-1) and (M-4), it has been

assumed that k and c are constants and that they may be evaluated using the tempera-

ture 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 exoressions are

obtained from the formulas in paragraph M-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)

-- Boron nitride

dk _ -8.8889 x 10-4 Btu/hr-ft-0F2
dT

1 dk -8.8889 x 10-4 OF-'
k dT 14.778 - 8.8889 x 10 -4T

dc - (.61x~- )o
dc = (0.333492) 1.3611 x 10-3e-(1.3611 Btu/Itrn-°F2

-- Kanthal

dk = 4.3 x 10-3 Btu/hr-ft-OF2

1 dk /4.3 x 10-3 OF-'
k dT - 9.7 + 4.3 x 10-3 T

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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dc = 0.0003 Btu/l-n-OF 2

Magnesium oxide

dk (121.814) [0.010722 e-0.010722T]- 2 (7015.835) Btu/hr-ft- F2

(121.814)
0.010722 e-0.010722T1 - 2 (7015.835)2T1 dk

K T -if": -0.010722T 7015.8350.2529 - 121.814 e + T

d (0.111256)
dT - 1 1.33715 x 10-3

e (-1.33715 x 10-3 T)] Btu/Ib-nOF2

-- Nichrome V

dkd = 5.75 x 10-3 Btu/hr- ft_°F2

1 dk 5.75 x 1.03 OF-
k dT - 5.2 + 5.75 x 10-3 T

dc = 0.0002 Btu/Ib-n-OF2
dT

Stainless steel 304

dk 4.2 x 1 0 -3 Btu/hr-ft-°F2

dT

1 dk _ 4.2 x 10-3 oF-'
k dT 8.4 + 4.2 x 10-3 T

dc = 0.001 Btu/l-n-°0F2

dT_
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-- Stainless steel 316

dk = 4.3 x 10-3 Btu/hr-ft-°F2

1 dk 4.3 x 10.3 OF-i
k dT -- 3

7.5 + 4.3 x 10 T

d= 0.001 Btu/llhrn-°F2

Stainless steel 347

dk = 4.2 x 10.3 Btu/hr-ft-0F2
dT

1 dk 4.2 x 101-3 OF-1
k T 8.3 + 4.2 x 10 T

dc 2.8 x 10-5 Btu/bt1n-°F 2

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 appropriately 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 difficult. An alternative approach is to consider the original

data. The k(T) function fits the following table:

T(°F) k[(Btu/hr- ft-OF)]

212 20.8
392 16.33
752 9.53

1112 6.65
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 212°F and 392 0F.

The corresponding (1/k) (Ak/AT) value is 0.001, as required.

M-11. Material Properties

DATAR contains a built-in library of pertinent material properties which are unalter-

able by the user, to avoid potential errors and inconsistencies. Thermal conductivity

and specific heat versus temperature curves are built in for each of the materials shown

in table M-1. A constant density is built in for each of the materials, with the excep-

tion of magneisum oxide and boron nitride. In these two cases, the user must supply the

density for the appropriate 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 available data. Table M-1 gives

the source of the data for each material. A summary of the methods used for each

material follows:

Boron nitride

k = 25.571 - 0.0276T w/m-0 C

(14.778 -8.8889 x ]0-4 T Btu/hr-ft-0 F)

Cp = 2017.74 - 1396.26e-OO 2 9 5T 3/kg-OC

(0.48193 - 0.333492e- 3 6 1 x 10-3 T Btu/lb-0 F)

p = input quantity [kg/m 3 (lb/ft3 )]
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TABLE M-1

MATERIAL PROPERTY DATA SOURCES

Material Property Source of Data

Boron nitride K *(a) (b)
Cp T oul ouki an
p Supplied by user

Kanthal K (c)
Cp (c)
p Supplier(d)

Magnesium oxide K Kingery, et a (e)
Cp T oul ouki an(b)

p Supplied by user

Nichrome V K Touloukian(b)

Cp T oul ouki an(b)
p Touloukian(b)

Stainless steel 304 K WCAP-2 80(f)
Cp T oul ouki anb)

Touloukian(b)

Stainless steel 316 K WCAP-280,(f).
Cp Touloukian sb)

Touloukian(b)

Stainless steel 347 K WCAP-2808(f)
Cp T oul ouki an(b)

p Touloukian(b)

Air K Baumeister(g)

Cp Baumeister(g)
p Baumeister(q)

p

a. The thermal conductivity of powdered boron nitride is dependent on several fac-
tors. 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-45-07, the Kanthal Corporation, Bethel, CT.

e. Kingery, W. D., et al., "Thermal Conductivity X. Data for Pure Oxide Materials
Corrected to Zero Porosity," J. Am. Ceram. Soc. 37, 107-110 (1954).

f. Marti Balaguer, L., "MPD MaterialsDesign Manual," WCAP-2808, July 1966.

g. Baumeister, T., Mechanical Engineers Handbook, 6th edition, McGraw-Hill, New
York, 1958.
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-- Kanthal

k =16.789 + 0.0134 w/m-°C

(9.7 + 4.3 x 10-3 T Btu/hr-ft-°F)

Cp =linear interpolation from the following:

T[°C(°F)] Cp[J/kg-OC(Btu/Ib-OF)]

-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/m 3 (446.0 lb/ft 3 )

Magnesium oxide

k = PMgO (0.0273 - 1 3 .1 5 e-0"0192T + 420.9/T)/223 w/m-°C

[PMgO (0.2529 - 121.81 4 e-0"01 0 7 2 2 T + 7015.835/T)/223 Btu/hr-ft-°F]

Cp = 1377.353 - 465.805e-0.002406T J/kg-°C

(0.328976 - 0.111256e-1. 3 3 7 1 5 x 10-3T Btu/lb-OF)

p = input quantity [kg/m3 (lb/ft3)]

Nichrome V

k = 8.997 + 0.0179T w/m-°C (5.2 + 5.75 x 10- 3 T Btu/hr-ft-0 F)

Cp = linear interpolation from the following:
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T[oC(OF)l T [ocoF)]Cp[J1K-ooC (Btu/lb-OF)]

-32

260

482

593

704

816

871

982

(0)
(500)

(900)

(1100)

(1300)

(1500)

(1600)

(1800)

427.1

502.4

535.9

577.8

623.8

653.1

661.5

653.1

(0.102)

(0.120)

(0.128)

(0.138)

(0.149)

(0.156)

(0.158)

(0.156)

p = 8361.63 kg/m 3 (522.0 lb/ft 3 )

Stainless steel 304

k = 14.535 + 0.01308T w/m-°C (8.4 + 4.2 x 10- 3 T Btu/hr-ft-°F)

Cp = linear interpolation from the followincr

T[oC(°F)] C p[Ji/kg-OC(Btu/lb-OF)]

-32

149

260

371

482

593

816

926

1038

1093

(0)
(300)

(500)

(700)

(900)

(1100)

(1500)

(1700)

(1900)

(2000)

372.6

372.6

378.9

389.4

404.0

420.8

458.4

475.2

483.6

485.7

(0.089)

(0.089)

(0.0905)

(0.093)

(0.0965)

(0.1005)

(0.1095)

(0.1135)

(0.1155)

(0.116)

p = 8025.2 kg/m 3 (501.3 lb/ft 3 )
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Stainless steel 316

k = 12.978 + 0.01339T w/m-°C (7.5 + 4.3 x 10- 3 T Btu/hr-ft-°F)

Cp = linear interpolation from the follovwngp

T [OC(OF)] Cp[J/kq-°C (Btu/lb- OF)]

-32 (0) 439.6 (0.]

204 (400) 510.8 (0.1

315 (600) 540.1 (0.1

427 (800) 561.0 (0.]

871 (1600) 619.6 (0.1

1038 (1900) 659.4 (0.]

1204 (2200) 703.4 (0.]

p = 7949.96 kq/m 3 (496.3 lb/ft 3 )

Stainless steel 347

k = 13.064 + 0.0143T w/m-°C (7.55 + 4.58 x 10- 3 T Btu/hr-ft-°F)

Cp = 447.99 + 0.211T J/kg-0 C (0.107 + 2.8 x 10- 5 T Btu/1b-°F)

p = 7905.1 kq/m 3 (493.5 lb/ft 3 )

05)

[22)

[29)

L34)

48)

1575)

68)

-- Air

k = 20.91 x 10-5 (T + 273)0.846 w/m-°C

[7.35 x 10-5 (T + 460)0.846 Btu/hr-ft-°F]

Cp = 1009.02 J/kg-°C (0.241 Btu/lb-°F)

p = 1.201 kg/m 3 (0.075 lb/ft 3 )

M-24



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 instance, the proper-

ties at each node in the region must be adjusted to account for the effect of the mix-

ture. This is accomplished as follows

Let

x = volume fraction of material A

PA,KA,CA = properties of material A

pB,KB,CB = properties of material B

p,K,C = mixture properties

Then

p = xpA + (1 - x) PB

K = xKA + (1 - x) KB

- xPACA (I- x))BCI
C= +

P P

This formulation provides an exact accounting of the mixture heat capacity and a

parallel conduction path approximation for the effective thermal conductivity. 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.

M-12. Effect of Power Step on Heat Transfer Coefficient

During the self-aspirating steam probe shakedown tests conducted both in the single rod

facility and in the 161-rod unblocked bundle (as discussed in appendix 3), it was learned

that the thermal response could be improved by drying out the steam probe prior to
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flood. Therefore, the 21-rod bundle was heated up to a rod temperature of 888 0 C

(1600 0 F) 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 [typic-

ally 2.58 kw/m (0.785 kw/ft) peak] at time of flood. However, it required approxi-

mately 2 seconds after flood for the power to achieve its specified value, as shown in

figure M-1 on a expanded time scale. After the specified value had been achieved, 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.

To evaluate the effect of this power step on reflood heat transfer, an additional repeat

test (run 42415E) was conducted in confiquration E without the power step at flood. An

example of the heat transfer from both runs is shown in figure M-2, which indicates

that the heat transfer is quite different for both runs for approximately 4 to 6 seconds.

However, the heat transfer is the same for both tests after 4 to 6 seconds, although

there are small differences attributed to variations in test conditions.

It has been concluded that the power step at initiation of flood has a negligible effect

on the reflood heat transfer data, especially considering that all the reflood tests in the

21-rod bundle test program utilized the same test procedure.

M-13. QUENCH PROGRAM

The QUENCH program was utilized for reduction of heater rod and housing thermo-

couple data. This program was designed to determine the following quantities:

-- Initial temperature

-- Maximum temperature

-- Turnaround time

-- Quench time

-- Quench temperature
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The initial temperature or temperature at flood time was determined by interpolating

between the temperature recorded at the last negative time (preflood) and the temper-

ature 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 I through 1 + 4, figure M-3, sheet 1]. The first

criterion applied is that the temperature, T(t), must be greater than 149 0 C (300 0 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 28 0 C (50'F) per second, that is, whether

T(1 + 3) - T(1 + 2) < (-50oF/sec)
t(1 + 3) - t(1 + 2)

The decision whether a quench exists or not is made on this basis. If not, the remaininq

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 > 2SI. 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 (S2 ).

If S'2> S2 , then the quench time and temperature is defined to be the intersection of

L'1 and L' 2 (figure M-3, sheet 2).
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Figure M-3. Determination of Quench Time and Temperature (sheet 1 of 2)
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Figure M-3. Determination of Quench Time and Temperature (sheet 2 of 2)
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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.

M-14. FFLOWS PROGRAM

The FFLOWS program was utilized to calculate mass balance and void fraction.

A mass balance was calculated for each reflood test using the FFLOWS program, which

calculated the flow rates, mass storage, and frictional pressure drop. This program is a

modification of the mass balance program used in the FLECHT SEASET 161-rod

unblocked bundle test series.

The following calculations were performed:

-- The injected mass was calculated from the inlet turbine meter.

The liquid collected was calculated from the differential pressure cells on the

carryover tank, upper plenum, and steam separator tanks, assuming that all differ-

ential pressure was elevation head with water at the saturation temperature.

The steam flow was calculated from the orifice differential pressure cell using the

measured steam temperature and local pressure to obtain the steam density.

The mass storage in the test bundle was calculated using the 0 to 3.66 m (0 to

144 in.) differential pressure cell reading (corrected for frictional pressure drop).

The mass storage in the downcomer was calculated from differential pressure

transmitter readings for the gravity reflood tests.

There was between 0.26 and 1.58 kg (0.58 and 3.49 lb) of water collected from the three

aspirating steam probes located downstream of the bundle during a reflood test. This

mass represents approximately 0.8 to 8.1 percent of the injected mass. When this mass

was added to the total mass flow out of the system and the mass collection in the test
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system, the forced reflood test mass balance was usually within *6 percent, with an

average of 2.4 percent, and the gravity reflood test mass balance was within +5 per-

cent, with an average of 1.4 percent.

In addition to calculation of the mass flows through the test system, the space-averaged

void fraction was calculated from the measured pressure drop over each of the 0.30 m

(12 in.) sections of the bundle. The measured pressure drop consists of three effects:

elevation head, frictional pressure drop, and acceleration pressure drop due to liquid

vaporization:

A= AP + p + Ap
measured elevation acceleration friction

The relative magnitude of each of these components was examined in the FLECHT SET

Phase A report.(') It was concluded that the vapor elevation head and the acceleration

pressure drop were completely negligible and that the frictional pressure drop was a

second-order effect compared to the liquid elevation head. The small frictional pres-

sure drop for a gravity reflooding situation is attributed to the high injection rate,

which quickly absorbs the bundle energy. Therefore, the steam generation rate is small

during the transient. It was felt that forced low flooding rate tests would result in such

substantial 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 -3.7 kPa (±15 in. wg) pressure transmitters, the frictional pressure

drop could be accurately accounted for in the tests. In this fashion, if the frictional

pressure drop was calculated for a test, this value could be subtracted from the mea-

sured pressure drop to obtain the liquid elevation head, and therefore, the space-

averaged void fraction.

The frictional pressure drop was calculated as

AP+ Kg v
friction De )(

1. Blaisdel, 3. A., et al., "PWR FLECHT SET Phase A Report," WCAP-8238,
December 1973.
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where

L = length = 0.30 m (12 in.)

Pb = bundle steam density evaluated from the average of the 26 bundle steam

probe readings at respective elevations and test section pressure

De = bundle hydraulic diameter = 4 (flow area)/wetted perimeter

Vb = bundle steam velocity obtained from the mass flow rate through the exhaust

orifice = M/(Pb x bundle flow area)

f = friction factor

lg = grid pressure loss coefficient

The friction factor and grid pressure loss coefficient were determined from a curve fit

of the configuration A hydraulic characteristics test data. Both the friction and grid

loss coefficient were of the form

Kg (orf)=A0 +A 1 Re+ A2 Re 2 +A 3 Re 3 +A 4 Re 4 for Re< 30,000

where the coefficientsfor each of the six grids and the friction are as follows:

a0

1.3054

a1

-9.18 x 10-50.53 m
(21 in.) grid
1.04 m
(41 in.) grid
1.57 m
(62 in.) grid
2.11 m
(83 in.) grid
2.62 m
(103 in.) grid
3.15 m
(124 in.) grid
Friction

1.817 -1.59 x 10-4

2.813 -3.73 x 10-4

2.631 -2.02 x 10-4

2.311 -2.75 x 10-4

2.593 -3.76 x 10-4

0.9067 -1.83 x 10-5

a2

4.54 x 10-9

8.11 x 10-9

3.05 x 10-8

9.48 x 10-9

a3

-7.43 x 10-14

-1.35 x 10-13

-1j.1 x I0-12

-1.53 x 10-13

a4

0

0

1.48 x 10-17

0

1.17 x 10-17

1.75 x 10-17

2.527 x 10- 18

2.34 x 10-8 -8.79 x 10-].3

3.34 x 10-B

2.306 x 10-9

-1.29 x 10-12

-1.27 x i0- 13
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For Re > 30,000,

K = 0.636 for 0.53 m (21 in.) grid K = 0.949 for 2.11 m (83 in.) grid

K = 0.696 for 1.04 m (41 in.) grid K = 0.907 for 2.62 m (103 in.) grid

K = 0.882 for 1.57 m (62 in.) grid K = 0.832 for 3.15 m (124 in.) grid

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 that if the measured axial differential pressure for that span was

0.0014 MPa (0.21 psid) or greater (aL-50 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 0.28 MPa (40 psia). If the mea-

sured 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 sub-

tracted from the measured pressure drop to obtain the elevation pressure drop compo-

nent. 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,

AP -•AP
measured friction

Psat liquid gL

where L = the distance between 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 M-5 through M-7. These frictional pressure drop values represent

the summation 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 MPa (0.21 psid) in each

span. As these -figures show, the calculated frictional pressure drop was less than

10 percent of elevation head for tests 42430A and 43112A, averaging approximately

0.000069 to 0.00029 MPa (0.01 to 0.042 psid) for each 0.30 m (12 in.) span. The calcu-

lated frictional pressure drop decreased with time following the steam flow history
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Figure M-7. Calculated Frictional Pressure Drop (Run 42514A, Variable
Flooding Rate Test)



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 correction to the measured pressure drop.

When the stepped flooding rate test (run 42514A) was conducted, a different trend was

observed in the frictional pressure drop, as shown in figure M-7. Initially, the calcu-

lated 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 5 seconds after the high injection period ended.

The large steam flow was due to the boiloff of the high flow injected mass. Once this

mass had been boiled and entrained out of the bundle, the steam flow and resulting

frictional pressure drop decreased significantly, to very small values at 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 0-3.66 m (0-144 in.)

differential pressure cell and the sum of the twelve 0.30 m (12 in.) differential pressure

cells. As shown in figure M-8 for run 42430A, good agreement was achieved for the two

measurement methods.

In the gravity reflood tests, a mass balance calculation was performed around the down-

comer. The flooding rate into the bundle was calculated using the following equation:

t t
Mi npu= /minput dt = minj dt - ND (t)

0 0
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where

Minput = mass of water in the bundle

minput = mass flooding rate into the bundle

rhinj = mass injection rate into the downcomer

MD = 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, Minput, 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 transducer which measured the liquid level

in the downcomer. Bundle flooding rates calculated with this technique were compared

to the flooding rates measured by the bidirectional turbo-probe installed in the cross-

over pipe.

M-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 instantaneous 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:

n= i+A-i

x(i) 1 x(n) + x(n + 1)
t(i + A _ 1) 2

n= i+A

where

x(n) = f(t)

At = interval between data points

A = n x At

n = integer
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M-16. HYCHAR CODE

The HYCHAR code was written to reduce the data from the hydraulic characteristics

tests. The static pressure differentials were measured over 0.30 m (12 in.) increments

utilizing a ±3.7 kPa (415 in. wg) differential pressure transmitter. The pressure mea-

surements were made from just above the first grid at the 0 m (0 in.) elevation to just

below the eighth grid at the 3.57 m (140.5 in.) elevation. The pressure losses due to

friction, support grids, and blockage sleeves were determined by evaluating the mech-

anical enermy equation between any two points, as follows:

LOST a b 2 Va b 9

where

Pa =measured static pressure at upstream point

Pb= measured static pressure at downstream point

PLOST - 2gC

V = velocity in unblocked portion of bundle

Therefore,

ence leq,

since the gravity head can be neglected because of the pressure of a refer-

(Pa Pb + 19a 2gc Va( b2 )-V

(Pa Pb) + P 2
2gc (V a -bV2)

pV
2

2g c

M-42



where
fL
fh , for frictional losses
Dh

K K Kgrid' for grid losses

fL Kblockag, for blockage sleeve losses
Dh + b kge9

The friction factor for the heater rods can be determined by evaluating the data

between grid locations. As shown by figure M-9, the differential pressure measurement

between 0.61 and 0.91 m (24 and 36 in.), between 2.74 and 3.05 m (108 and 120 in.), and

between 3.35 and 3.57 m (132 and 140.5 in.) allows evaluation of the friction factor.

The velocity between grid locations along the rod bundle was assumed to be constant.

The above relationship for the frictional losses reduces to the following:

fL P a-b
Dh pV2

2gc

The grid loss coefficient in combination with the rod friction was determined by eval-

uating the data across the support grids. As shown by figure M-9, the differential

pressure measurement between 0.30 and 0.61 m (12 and 24 in.), between 0.91 and 1.22 m

(36 and 48 in.), between 2.44 and 2.74 m (96 and 108 in.), and between 3.05 and 3.35 m

(120 and 132 in.) allows evaluation of the grid loss coefficient. The grid loss coeffi-

cients for the grids at 1.57 m (62 in.) and 2.11 m (83 in.) elevations were determined in

configuration A only, since the 1.83 m (72 in.) pressure tap was located in the center of

the blockage zone (figure M-9). The velocity was assumed to be the same at the grid

entrance and exit. The grid loss coefficient was corrected for the inherent rod friction,

as shown below:

K APa-b fL
grid = -v2 Dh

2gc
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The blockage loss coefficient was determined by evaluating the data across the block-

age zone for a test configuration with blockage sleeves. Figure M-9 shows that the

differential pressure measurement between 1.22 and 2.44 m (48 and 96 in.) allowed

evaluation of the blockage sleeve coefficient. Although this 1.22 m (48 in.) span

included two grids and 1.22 m (48 in.) of frictional losses, the velocity was assumed to

be constant at each of the respective pressure measurement locations. The blockage

loss coefficient was corrected for the rod friction and grid as shown below:

APa-b fL

blockage - PV2 Dhh grid at 62 in. grid at 83 in.

2g c

The overall pressure loss across the bundle as measured by the 0-3.66 m (0-144 in.)

differential pressure cell was subsequently compared to the overall calculated pressure

loss, utilizing the calculated values for the friction factor, grid loss coefficients, and

blockage loss coefficient. This comparison is shown in appendix K for each of the

hydraulic characteristics tests.

The fluid properties in the HYCHAR code were evaluated from the ASME steam table,

utilizing the measured upper plenum pressure and lower plenum fluid temperature. The

average measured flow area for each of the six bundles was incorporated into the

HYCHAR code calculations, as well as the corresponding calculated hydraulic diameter.
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APPENDIX N

HEATER ROD THERMOCOUPLE AS-BUILT LOCATIONS

The heater rod thermocouples were nominally designed to be located at elevations

designed to facilitate direct comparisons of data between the six 21-rod bundles.

However, because of the swaging process in the manufacturing of the heater rods, the

thermocouples moved from their nominal elevations, so that very few direct compari-

sons of data between bundles were possible. The thermocouples in the blockage zone of

1.70 to 2.03 m (67 to 80 in.) were of primary interest, since the relative location of

thermocouples to blockage sleeves was believed to be one of the most significant

parameters in the flow blockage test program.

The as-built thermocouple locations were determined from examination of the heater

rod X-rays. The as-built locations of blockage zone thermocouples for all six bundles

are shown in table N-i, as well as the respective computer channel numbers and

nominal elevations.

For assessment of the effect of flow blockage on reflood heat transfer, the heat

transfer from the five blocked bundles and one unblocked bundle must be compared to

one another. However, with the diversity of the thermocouple locations, only limited

comparisons between bundles were possible. The unblocked bundle heat transfer was

found to be a relatively weak function of elevation for those thermocouples near the

midplane elevation, as shown by figures N-1 through N-5. These figures show that for

various rods, the differences in measured heat transfer at thermocouple locations a few

inches apart is small for times up through and past the turnaround time. The

differences became significant, however, as the quench front approached.

It was concluded that these fairly linear results would allow interpolation and extrapol-

ation of the unblocked bundle heat transfer, to provide direct comparisons of unblocked

and blocked bundle heat transfer.
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TABLE N-la(a)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

Configuration A Configuration B Confiquration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

E levati on E levati on Elevation Elevation Elevation Elevation Elevation
Rod (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m)

lB 1.78 25 1.798 25 1.796 25 1.803
1B 1.83 38 1.849 38 1.847 3 8 (b) 1.859
lB 1.88 33 1.8255
1B 1.90 46 1.8824 37 1.854
1B 1.93 34 1.897
1B 1.96 69 1.928 43 1.913
lB 1.98 57 1.953
1B 2.01 90 1.979 56 1.963
1B 2.03 78 2.004

89 1.778

IC 1.78 26 1.811 26 1.793 26 1.798 19 1.801
IC 1.83 39 1.862 39 1.847 3 9(b) 1.849
IC 1.93 4 5 (b) 1.923
IC 1.96 57 1.958
iC 1.98 65 1.974
IC 2.01 67 1.991 79 2.002
IC 2.03 90 1.778

ID 1.80 31 1.847 31 1.831 31 1.844 2 5 (b) 1.798 3 2 (b) 1.793
ID 1.85 2 7 (h) 1.847
1D 1.88 50 1.925 50 1.910 50 1.925 47 1.892
ID 1.90
ID 1.911 63 1.956 63 1.941 63 1.953 61 1.915 44 1.897 35 1.892
ID 1.93 47 1.920 46 1.925
1D 1.96 82 2.002 82 1.994 82 2.002 82 1.956 58 1.951 58 1.951

2A 1.70 21 1.717 21 1.720 21 1.714 16 1.722 19 1.684 14 1.669
2A 1.88 3 8 (b) 1.862
2A 1.90 3 6 (b) 1.902
2A 1.93 70 1.951 70 1.953 70 1.948 70 1.948
2 A 1.96 59 1.953
2A 1.98 89 2.002 89 1.996 89 1.999 91 2.004 59 1.963 66 1.981

z
rN

a. English values are given in table N-lb.
b. Underneath blockage sleeve



TABLE N-la (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z1!14

Configuration A Configuration B Configuration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation

Rod (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m)

2B 1.70 20 1.694 15 1.697

2B 1.83 40 1.819 4 0 (b) 1.857 4 0 (b) 1.839
2B 1.88 51 1.875 51 1.913 51 1.895 48 1.890
28 1.90 37(b) 1.910

2B 1.93 71 1.923 71 1.958 71 1.941 71 1.938 4 8 (b) 1.928
2B 1.96 60 1.961

2B 1.98 90 1.974 90 2.01.2 90 2.017 92 1.984 68 1.976 67 1.981

2B 2.03 85 2.024 91 2.035

2C 1.70 21 1.676
2C 1.80 32 1.829 3 2 (b) 1.829 3 2 (h) 1.831 26 1.867

2C 1.85 27 1.788
2C 1.88 52 1.908 52 1.905 52 1.910 49 1.946

2C 1.90 3 8 (b) 1.895

2C 1.911 64 1.938 64 1.938 64 1.94] 62 1.976
2C 1.96 83 1.986 83 1.981 83 1.943 83 2.019 6.1() 1.946
2C 1.98 60(b) 1.958

2C 2.01 80 1.996
2C 2.03 79 2.009

2D 1.78 27 1.778 27 1.796 27 1.786 2 0 (b) 1.786 2 8 (b) 1.791
2D 1.80 33 1.798 33 1.819 33 1.808 27 1.814

2D 1.83 41 1.831 4 1(b) ]..844 4 1 (h) 1.834 36 1.839
2D 1.85 28(b) 1.847
2D 1.88 53 1.895 53 1.897 53 1.887 50 1.890 39 1.892
2D 1.90 39 1.897

2D 1.911 65 1.910 65 1.925 65 1.913 63 1.920
2D 1.93 72 1.928 72 1.951 72 1.938 61 1.951

2[D 1.96 84 1.951 84 1.976 84 1.958 84 1.966 62 1.953
2D 1.98 91 1.981 91 1.996 91 1.989 93 1.994 80 1.999

2D 2.01 81 2.004
2D 2.03 92 2.029

b. Underneath blockage sleeve



TABLE N-la (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z
p.

Confiquration A Configuration B Configuration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M)

2E 1.70 22 1.694
2E 1.83 42 1.788 42 1.859 4 2 (h) 1.869 3 3 (h) 1.821
2E 1.88 54 1.839 54 1.913 54 1.928 51 1.880 2 9 (b) 1.890
2E 1.93 73 1.890 73 1.961 73 1.961 45 1.920 47 1.941
2E 1.98 92 1.941 92 2.012 92 2.027 69 1.974
2E 2.01 82 1.994

3A 1.83 43 1.844 43 1.859 43 1.826 3 8 (b) 1.849
3A 1.88 55 1.915 55 1.882 52 1.905
3A 1.90 4 0 (b) 1.902
3A 1.93 74 1.951 74 1.961 74 1.928 74 1.953 4 8 (b) 1.918
3A 1.96 4 9 (b) 1.920
3A 1.98 93 2.002 93 2.014 93 1.981 95 2.004 62 1.956 68 1.981
3A 2.01 70 1.984 83 2.004
3A 2.03 81 2.012

3B 1.83 44 1.862 4 4 (b) 1.857 4 4 (b) 1.847 3 9 (b) 1.839
3B 1.88 56 1.915 56 1.910 56 1.895 53 1.895
3B 1.90 41(b) 1.897
3B 1.93 75 1.961 75 1.956 75 1.941 75 1.938
3B 1.96 63 1.958 63 1.948
3B 1.98 94 2.014 94 2.014 94 1.994 96 1.994 71 1.984
3B 2.01 84 2.004

3C 1.78 28 1.801 28 1.783 28 1.803 21 1.793 29 1.758 19 1.765
3C 1.80 34 1.826 34 1.806 34 1.826 28 1.819
3C 1.83 45 1.852 4 5(b) 1.831 4 5 (b) 1.852 40 1.844
3C 1.88 57 1.902 57 1.885 57 1.905 5 4(b) 1.895 30(b) 1.887
3C 1.911 66 1.933 66 1.915 66 1.933 6 4 (b) 1.925 4 0 (b) 1.890
3C 1.93 76 1.956 76 1.935 76 1.956 76 1.951 4 9 (b) 1.938
3C 1.96 85 1.979 85 1.963 85 1.979 85 1.974
3C 1.98 95 2.004 95 1.994 95 2.004 97 2.002 6 9 (b) 1.991
3C 2.01 72 1.986
3C 2.03 82 2.017 93 2.022

b. Underneath blockage sleeve



TABLE N-la (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z
In

Configuration A Configuration B Confiquration C Confiquration D Configuration E Configuration F

Design Actual Actual Actual Actual Actual Actual
Elevation Elevation Elevation Elevation Elevation Elevation Elevation

Rod (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M)

3D 1.98 30 1.781
3D 1.80 23 1.796
3D 1.83 46 1.859 4 6 (b) 1.857 4 6 (b) 1.844 41 1.839
3D 1.88 58 1.915 58 1.910 58 1.902 5 5(b) 1.895
3D 1.911 50(b) 1.920
3D 1.93 77 1.961 77 1.958 77 1.948 77 1.941
3D 1.98 79 2.014 96 2.012 96 2.004 98 1.994 5 0 (b) 1.923
3D 2.01 86 2.022 85 2.019
3D 2.03 91 2.042 94 2.045

3E 1.80 35 1.816 35 1.831 35 1.808 29 1.8.19 3 4 (b) 1.814
3E 1.88 59 1.895 59 1.910 59 ].887 5 6 (h) 1.900
3E 1.911 67 1.928 67 1.938 67 1.915 65 1.933
3E 1.93 6 4 (h) 1.948
3E 1.96 86 1.974 86 1.986 86 1.961 86 1.971
3E 1.98 83 1.996 7 0 (b) 1.976
3E 2.01 92 2.070
3E 2.03 97 2.055

4A 1.70 22 1.725 22 1.725 22 1.712 17 1.717 23 1.689
4A 1.78 2 0 (b) 1.773
4A 1.90 4 2 (b) 1.892
4A 1.93 78 1.953 78 1.956 78 1.943 78 1.948 51 1.930
4A 1.98 97 2.007 97 2.007 97 1.996 100 1.996 73 1.976 71 1.974
4A 2.03 87 2.027 95 2.024

48 1.70 24 1.697 16 1.704
4B 1.80 36 1.821 36 1.811 3 6 (b) 1.847 3 0 (h) 1.819
48 1.83 3 5 (b) 1.831
48 1.88 60 1.900 60 1.890 60 1.925 57 1.897 3 1 (b) 1.882
4B 1.911 68 1.930 68 1.920 68 1.956 66 1.928
4B 1.93 52 1.971 51 1.935
4B 1.96 87 ].976 87 1.961 87 1.999 87 1.971
4B 1.98 74 1.984 72 1.991
48 2.01 86 2.007

b. Underneath blockage sleeve



TABLE N-la (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z61

Configuration A Configuration B Configuration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M) Channel (M)

4C 1.70 23 1.720 23 1.704 23 1.709 18 1.722 25 1.714
4C 1.80 24(b) 1.803
4C 1.88 41(b) 1.892
4C 1.93 96 1.948 79 1.938 79 1.943 79 1.953 5 2 (b) 1.930
4C 1.98 136 2.002 98 1.989 98 1.996 101 2.004 75 1.991 73 1.986

4D 1.78 29 1.781 29 1.791 29 1.798 2 2 (b) 1.775 3 1 (b) 1.781
4D 1.80 31 1.803
4D 1.83 47 1.842 4 7 (b) 1.842 4 7 (b) 1.852 42 1.829 2 5 (b) 1.816
4D 1.88 58 1.880 42 1.877 32 1.870
4D 1.90 43 1.890
4D 1.911 67 1.908
4D 1.93 80 1.930 53 1.930 53 1.918
4D 1.98 102 1.981 76 1.984 74 1.968

4E 1.70 24 1.717 24 1.709 24 1.694 26 1.702
4E 1.78 23 1.816 21 1.778
4E 1.83 4 3 (b) 1.869
4E 1.93 80 1.946 80 1.943 80 1.923 5 4 (b) 1.935
4E 1.98 100 1.999 100 1.994 100 1.976 77 1.996 75 1.989
4E 2.03 88 2.042 96 2.035

5B 1.70 30 1.796 30 1.806 30 1.801 2 2 (b) 1.778
5B 1.83 48 1.844 48 1.854 4 8 (b) 1.854 4 4 (b) 1.839 2 6 (b) 1.831
5B 1.90 4 4 (b) 1.905
5B 1.96 65 1.966 64 1.956
5B 2.01 87 2.009
5B 2.03 89 2.050

5C 1.70 17 1.704
5C 1.80 3 6 (b) 1.880
5C 1.83 49 1.819 49 1.840 49 1.826 4 5 (b) 1.829
5C 1.88 61 1.872 61 1.895 - 61 1.882 59 1.885 3 3 (b) 1.882
5C 1.93 81 1.923 81 1.943 81 1.928 54 1.971 55 1.935
5 C 1.98 101 1.974 101 1.996 101 1.981 103 1.984 84 2.052 76 1.989
5C 2.01 88 2.014
5C 2.03 90 2.103

b. Underneath blockage sleeve



TABLE N-i-a (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

Configuration A Configuration B Confiquration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

E levati on Elevation Elevation E levati on Elevation Elevation Elevation
Rod (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m) Channel (m)

5D 1.70 18 1.699
5D 1.80 37 1.816 37 1.821 37 1.819
5D 1.88 62 1.897 62 1.900 62 1.902 60 1.875
5D 1.911 69 1.925 69 1.933 69 1.943 68 1.925 46 1.900
5D 1.93 55 1.925 56 1.928
5D 1.96 88 1.974 88 1.984 88 1.974 89 1.956 66 1.943
5D 2.01 78 1.989
5D 1.98 77 1.986

b. Underneath blockage sleeve

Z



TABLE N-1b(a)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

Confiquration A Confiquration B Confiquration C Confiquration D Confiquration E Confiquration F
Design Actual Actual Actual Actual Actual Actual

Elevation E levati on Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

IB 70 25 70.8 25 70.7 25 71.0
1B 72 38 72.8 38 72.7 3 8 (b) 73.2 33 71.87
lB 74 46 74.11 37 73.0
lB 75 34 74.7
lB 76 69 75.9 43 75.3
1B 77 57 76.9
1B 78 90 77.9 56 77.3
1 B 79 78 78.9
1B 80 89 80.0

IC 70 26 71.3 26 70.6 26 70.8 19 70.9
1C 72 39 73.3 39 72.7 3 9 (b) 72.8
1C 76 4 5 (b) 75.7
IC 77 57 77.1
IC 78 65 77.7
IC 79 67 78.4 79 78.8
IC 80 90 80.0

ID 71 31 72.7 31 72.1 31 72.6 2 5 (b) 70.8 3 2 (b) 70.6
ID 73 27(b) 72.7
ID 74 50 75.8 50 75.2 50 75.8 47 74.5
ID 75 35 74.5
1 D 75.25 63 77.0 63 76.4 63 76.9 61 75.4 44 74.7
ID 76 47 75.6 46 75.8
1 D 77 82 78.8 82 78.5 82 78.8 82 77.0 58 76.8 58 76.8

2A 67 21 67.6 21 67.7 21 67.5 16 67.8 19 66.3 14 65.7
2A 74 3 8 (b) 73.3
2A 75 3 6 (b) 74.9
2A 76 70 76.8 70 76.9 70 76.7 70 76.7
2A 77 59 76.9
2 A 78 89 78.8 89 78.6 89 78.7 91 78.9 59 77.3 66 78.0

z
80

a. Metric values are given in table N-la.
b. Underneath blockage



TABLE N-lb (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z1ý

Configuration A Confiquration B Confiquration C Configquration D Confiquration E Confi quration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

2 B 67 20 66.7 15 66.8
2B 72 40 71.6 4 0 (b) 73.1 4 0 (b) 72.4
2B 74 51 73.8 51 75.3 51 74.6 48 74.4
2B 75 3 7 (b) 75.2
2B 76 71 75.7 71 77.1 71 76.4 71 76.3 4 8 (b) 75.9
28 77 60 77.2
2 B 78 90 77.7 90 79.2 90 79.4 92 78.1 68 77.8 67 78.0
2B 80 85 79.7 91 80.1

2C 67 21 66.0
2C 71. 32 72.0 3 2 (b) 72.0 3 2(b) 72.1 26 73.5
2C 73 27 70.4
2C 74 52 75.1 52 75.0 52 75.2 49 76.6
2C 75 3 8 (b) 74.6
2C 75.25 64 76.3 64 76.3 64 76.4 62 77.8
2C 77 83 78.2 83 78.0 83 76.5 83 79.5 6 1 (b) 76.6
2C 78 6 0 (h) 77.1
2C 79 80 78.6
2C 80 79 79.1

2D 70 27 70.0 27 70.7 27 70.3 2 0 (b) 70.3 2 8 (b) 70.5
2D 71 33 70.8 33 71.6 33 71.2 27 71.4
2D 72 41 72.1 4 1 (b) 72.6 4 1(h) 72.2 36 72.4
2D 73 2 8 (b) 72.7
2D 74 53 74.6 53 74.7 53 74.3 50 74.4 39 74.5
2D 75 39 74.7
2D 75.25 65 75.2 65 75.8 65 75.3 63 75.6
2 D 76 72 75.9 72 76.8 72 76.3 61 76.8
2 D 77 84 76.8 84 77.8 84 77.1 84 77.4 62 76.9
2 D 78 91 78.0 91 78.6 91 78.3 93 78.5 80 78.7
2D 79 81 78.9
2 D 80 92 79.9

2 E 67 22 66.7
2E 72 42 70.4 42 73.2 4 2 (b) 73.6 3 3 (b) 71.7
2E 74 54 72.4 54 75.3 54 75.9 51 74.0 29(b) 74.4

b. Underneath blockage sleeve



TABLE N-lb (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z
IL

¢:n

Configuration A Configuration B Configuration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

2E 76 73 74.4 73 77.2 73 77.2 45 75.6 47 76.4
2E 78 92 76.4 92 79.2 92 79.8 69 77.7
2E 79 82 78.5

3A 72 43 72.6 43 73.2 43 71.9 3 8 (b) 72.8
3A 74 55 75.4 55 74.1 52 75.0
3A 75 40(b) 74.9
3A 76 74 76.8 74 77.2 74 75.9 74 76.9 4 8 (b) 75.5
3A 77 49(b) 75.6
3A 78 93 78.8 93 79.3 93 78.0 95 78.9 62 77.0 68 78.0
3A 79 70 78.1 83 78.9
3A 80 81 79.2

3B 72 44 73.3 4 4 (b) 73.1 4 4 (b) 72.7 3 9 (b) 72.4
3B 74 56 75.4 56 75.2 56 74.6 53 74.6
3B 75 4 1 (b) 74.7
3B 76 75 77.2 75 77.0 75 76.4 75 76.3
3B 77 63 77.1 63 76.7
3B 78 94 79.3 94 79.3 94 78.5 96 78.5 71 78.1
3B 79 84 78.9

3C 70 .28 70.9 28 70.2 28 71.0 21 70.6 29 69.2 19 69.5
3C 71 34 71.9 34 71.1 34 71.9 28 71.6
3C 72 45 72.9 4 5 (b) 72.1 4 5 (b) 72.9 40 72.6
3C 74 57 74.9 57 74.2 57 75.0 5 4 (b) 74.6 3 0 (b) 74.3
3C 75.25 66 76.1 66 75.4 66 76.1 6 4 (b) 75.8 4 0 (b) 74.4 4 9 (b) 76.3
3C 76 76 77.0 76 76.2 76 77.0 76 76.8
3C 77 85 77.9 85 77.3 85 77.9 85 77.7
3C 78 95 78.9 95 78.5 95 78.9 97 78.8 6 9 (b) 78.4
3C 79 72 78.2
3C 80 82 79.4 93 79.6

3D 70 30 70.1
3D 71 23 70.7
3D 72 46 73.2 4 6 (h) 73.1 4 6 (b) 72.6 41 72.4
3D 74 58 75.4 58 75.2 58 74.9 5 5 (b) 74.6

b. Underneath blockage sleeve



TABLE N-lb (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

Z

Conficguration A Configuration B Confiquration C Configuration D Configuration E Configuration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

3D 75.25 5 0 (b) 75.6
3D 76 77 77.2 77 77.1. 77 76.7 77 76.4 5 0 (b) 75.7
3 D 78 79 79.3 96 79.2 96 78.9 98 78.5
3 D 79 86 79.6 85 79.5
3D 80 91 80.4 94 80.5

3E 71 35 71.5 35 72.1 35 71.2 29 71.6 3 4 (b) 71.4
3 E 74 59 74.6 59 75.2 59 74.3 56(b) 74.8
3E 75.25 67 75.9 67 76.3 67 75.4 65 76.1
3E 76 64(b) 76.7
3E 77 86 77.7 86 78.2 86 77.2 86 77.6
3E 78 83 78.6 70(b) 77.8
3E 80 92 81.5
3E 81 97 80.9

4A 67 22 67.9 22 67.9 22 67.4 17 67.6 23 66.5
4A 70 20(b) 69.8
4A 75 4 2 (b) 74.5
4A 76 78 76.9 78 77.0 78 76.5 78 76.7 51 76.0
4A 78 97 79.0 97 79.0 97 78.6 100 78.6 73 77.8 71 77.7
4 A 80 87 79.8 95 79.7

4B 67 24 66.8 16 67.1
4B 71 36 71.7 36 71.3 3 6 (b) 72.7 3 0 (h) 71.6
4B 72 3 5 (b) 72.1
4B 74 60 74.8 60 74.4 60 75.8 57 74.7 3 1 (b) 74.1
4B 75.25 68 76.0 68 75.6 68 77.0 66 75.9
4B 76 52 75.9 51 76.2
4B' 77 87 77.8 87 77.2 87 78.7 87 77.6
4B 78 74 78.1 72 78.4
4B 79 86 79.0

4C 67 23 67.7 23 67.1 23 67.3 18 67.8 25 67.5
4C 71 24(b) 71.0
4C 74 41(b) 74.5
4 C 76 96 76.7 79 76.3 79 76.5 79 76.9 5 2 (b) 76.0
4C 78 136 78.8 98 78.3 98 78.6 101 78.9 75 78.4 73 78.2

b. Underneath blockage sleeve



TABLE N-lb (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

z

Configuration A Confiquration B Confiquration C Configuration D Confiquration E Confiquration F
Design Actual Actual Actual Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

4D 70 29 70.1 29 70.5 29 70.8 2 2 (b) 69.9 3 1 (b) 70.1
4D 71 31 71.0
4D 72 47 72.1 4 7 (b) 72.5 4 7 (h) 72.9 42 72.0 2 5 (b) 71.5
4D 74 58 74.0 42 73.9 32 73.6
4D 75 43 74.4
4D 75.25 67 75.1
4D 76 80 76.0 53 76.0 53 75.5
4D 78 102 78.0 76 78.1 74 77.5

4 E 67 24 67.6 24 67.3 24 66.7 26 67.0
4E 70 23 71.5 21 70.0
4E 72 4 3 (b) 73.6
4E 76 80 76.6 80 76.5 80 75.7 54(b) 76.2
4 E 78 100 78.7 100 78.5 100 77.8 77 78.6 75 78.3
4E 80 88 80.4 96 80.1

5B 70 30 70.7 30 71.1 30 70.9 2 2 (b) 70.0
5B 72 48 72.6 48 73.0 4 8 (b) 73.0 4 4 (b) 72.4 2 6 (b) 72.1
5B 75 4 4 (b) 75.0
5B 77 65 77.4 64 77.0
5B 79 87 79.1
5B 80 89 80.7

5C 67 17 67.1
5C 71 3 6 (b) 74.0
5C 72 49 71.6 49 72.4 49 71.9 4 5 (b) 72.0
5C 74 61 73.7 61 74.6 61 74.1 59 74.2 3 3 (b) 74.1
5C 76 81 75.7 81 76.5 81 75.9 54 77.6 55 76.2
5C 78 101 77.7 101 78.6 101 78.0 103 78.1 84 80.8 76 78.3
5C 79 88 79.3
5C 80 90 82.8

5D 67 18 66.9
5D 71 37 71.5 37 71.7 37 71.6
5D 74 62 74.7 62 74.8 62 74.9 60 73.8

b. Underneath blockage sleeve



TABLE N-lb (cont)

BLOCKAGE ZONE HEATER ROD THERMOCOUPLE LOCATIONS

Configuration A Configuration B Confiquration C Confiquration D Configuration E Configuration F
Design Actual Actual Actu Actual Actual Actual

Elevation Elevation Elevation Elevation Elevation Elevation Elevation
Rod (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.) Channel (in.)

5D 75.25 69 75.8 69 76.1 69 76.5 68 75.8 46 74.8
5D 76 55 75.8 56 75.9
5 D 77 88 77.7 88 78.1 88 77.7 89 77.0 66 76.5
5D 79 78 78.3
5D 78 77 78.2

z
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Figure N-I. Heat Transfer Coefficient Versus Time, Run 42430A, Rod 2D
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Figure N-2. Heat Transfer Coefficient Versus Time, Run 42430A, Rod 3C
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Figure N-3. Heat Transfer Coefficient Versus Time, Run 42430A, Rod 3E
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Figure N-5. Heat Transfer Coefficient Versus Time, Run 42430A, Rod 3B



APPENDIX 0
ENHANCEMENT FACTORS OF REFLOODING TESTS

Section 6 provides enhancement factors for configurations C, D, and E for the refer-

ence run [28 mm/sec (1.1 in./sec) flow rate and 0.28 MPa (40 psia) pressure]. This

appendix provides the enhancement factors for configurations B and F for the reference

run. In addition, the enhancement factors of another test condition [22 mm/sec

(0.9 in./sec) flow rate and 0.28 MPa (40 psia) pressure] are provided for confiqura-

tions B, C, D, E, and F.
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Figure 0-1. Enhancement Factor for Run 41907B, Rod 4C, 1.52 m (60 in.) Elevation
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Figure 0-6. Enhancement Factor for Run 41907B, Rod 3E, 1.83 m (72.1 in.) Elevation
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Figure 0-9. Enhancement Factor for Run 41907B, Rod 4C, 1.70 m (67.1 in.) Elevation
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Figure 0-11. Enhancement Factor for Run 41907B, Rod 4C, 1.99 m (78.3 in.) Elevation
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Figure 0-12. Enhancement Factor for Run 41907B, Rod 5C, 2.00 m (78.6 in.) Elevation
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Figure 0-14. Enhancement Factor for Run 41907B, Rod 3B, 2.29 m (90 in.) Elevation



4.O000

3.50OO

3.0000

2.5000

2.0000

2
c-

< 1.5000

z

z 1.0000
L&J

z
z 0.5000
z

FLECHT SEASET TEST SERIES
RUN 41907B 42430A
CH/SYM 135/1 135/2

AV0
I'

0.0
I C.

0C~)

C)
C0

0;
0:

C0
C)

C;

0:
C0

0ý
CD
CU

C,

CL

Cuj

C)

CD
(Y)

C)0

0CD

TIME ( SECONDS )

Figure 0-15. Enhancement Factor for Run 41907B, Rod 3B, 2.44 m (96 in.) Elevation
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Figure 0-16. Enhancement Factor for Run 42306B, Rod 4C, 1.52 m (60 in.) Elevation
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Figure 0-17. Enhancement Factor for Run 42306B, Rod 3C, 1.78 m (70.2 in.) Elevation
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Figure 0-18. Enhancement Factor for Run 42306B, Rod 3C, 1.88 m (74.2 in.) Elevation
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Figure 0-38. Enhancement Factor for Run 42506C, Rod 3D, 1.90 m (74.9 in.) Elevation
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4.0000

3.5000

3.0000

2.5000

2.0000

1.5000

FLECHT SEASET TEST SERIES
RUN 42506C 42606A
CHISYM 96/1 23212

CD

0

z

w 1.0000
LAj

= 0.5000
Z

0.0

C)
C>

C)
CD
C!
0D
Ln

C:>
C:1

C)
C>

CD
C)

0ý

CD
C)

C)
CD
CQ

C)j C)
C)en

C)

C)
mU-
M

C)
CD

C)
CD

_r

TIME ( SECONDS )

Figure 0-40. Enhancement Factor for Run 42506C, Rod 3D, 2.00 m (78.9 in.) Elevation
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Figure 0-41. Enhancement Factor for Run 42506C, Rod 5C, 1.88 m (74.1 in.) Elevation
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Figure 0-43. Enhancement Factor for Run 42506C, Rod 3D, 2.13 m (84 in.) Elevation
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Figure 0-48. Enhancement Factor for Run 42206D, Rod 2D, 1.84 m (72.4 in.) Elevation
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Figure 0-50. Enhancement Factor for Run 42206D, Rod 2D, 1.97 m (77.4 in.) Elevation
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4.0000

3.5000

3.0000

2.5000

2.0000

1.5000

1.0000

0.5000

FLECHT SEASET TEST SERIES
RUN 42206D 42606A
CH/SY M 97/1 3/2301

0

L"J

0.0
C)
C:)

C!
C3
tn

0D
C:)

C0C
C: C0

oý 0
C0

- Cuj

TIME (SECONDS

0:
U'-)
(\-

00

Figure 0-54. Enhancement Factor for Run 42206D, Rod 3C, 2.00 m (78.8 in.) Elevation
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Figure 0-55. Enhancement Factor for Run 42206D, Rod 3D, 1.94 m (76.4 in.) Elevation
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Figure 0-71. Enhancement Factor for Run 41206E, Rod 4B, 1.98 m (78.1 in.) Elevation
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Figure 0-85. Enhancement Factor for Run 41807F, Rod 4B, 1.99 m (78.4 in.) Elevation
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Figure 0-97. Enhancement Factor for Run 42006F, Rod 3C, 2.02 m (79.6 in.) Elevation
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Figure 0-98. Enhancement Factor for Run 42006F, Rod 3D, 2.02 m (79.5 in.) Elevation



4.0000

3.5000

3.0000

2.5000

2.0000

1.5000

FLECHT SEASET TEST SERIES
RUN 42006F 42606A
CH/SYM 51/1 22712

f~ • " • '-, • .,.,_ .-. • _•,.. :'C"

0

0

M
C

x 1.0000

z 0.5000z

0.0
C)
CD

CD
C)

C)
CDCo

0D

CD C)
CD C:)

C) C)
U-) CD

TIME (SECONDS

C:)
CD

C;
CU-

(\-
C)
C)

C:)
C:)

C)
enU-)

Figure 0-99. Enhancement Factor for Run 42006F, Rod 4B, 1.94 m (76.2 in.) Elevation
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Figure 0-100. Enhancement Factor for Run 42006F, Rod 4B, 1.99 m (78.4 in.) Elevation
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Figure 0-101. Enhancement Factor for Run 42006F, Rod 4C, 1.99 m (78.2 in.) Elevation
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Figure 0-102. Enhancement Factor for Run 42006F, Rod 5C, 1.99 m (78.3 in.) Elevation
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Figure 0-103. Enhancement Factor for Run 42006F, Rod 3D, 2.13 m (84 in.) Elevation
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Figure 0-104. Enhancement Factor for Run 42006F, Rod 3B, 2.29 m (90 in.) Elevation
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APPENDIX P

TEMPERATURE HISTORY CALCULATION

P-i. INTRODUCTION

Temperature histories were calculated from the estimated heat transfer coefficients

according to equation (C-3) to determine the effect of heat transfer during the early

period on the resultant temperature rise. This appendix explains the rod geometry and

physical properties which are necessary to calculate the parameters in equation (C-3).

The method of solving the equation is also discussed briefly.

P-2. ROD GEOMETRY AND PROPERTIES

The rod structure is shown in figure P-1 with the pertinent geometrical parameters and

material information. Table P-1 lists the properties of the rod materials. Table P-2

shows the fraction of Kanthal in zone 2 of the rod.

For simplicity, the rod was considered to be homogeneous and the quantity (AP Cp) for

the rod was estimated as follows:

(APCp)rod = (APCp)BN + (APCp)KN + (APCp)SS (P-i)

The first and second terms on the right-hand side of equation (P-i) were calculated

according to the following:

(APCp)BN (PCp)BN (A)zone i + (A)zone 3 + (A)zone 2 (1-f) (P-2)

(APCp)KN = (PCp)KN (A)z one 2 f (P-3)

where f is the Kanthal fraction in zone 2 (obtained from table P-2).

P-1



ZONE 1 2 3 4

MATERIAL BORON BORON NITRIDE BORON STAINLESS
NITRIDE & KANTHAL NITRIDE STEEL
(BN) (KN) 304

RADIUS 0.825mm 1.71 mm 4.11 mm 4.75 mm
(0.0325") (0.0675") (0.162") (0.187")

Figure P-i. Heater Rod Model
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TABLE P-1

MATERIAL PROPERTIES OF HEATER ROD MATERIALS

Density Heat Capacity

Material [kg/m (lb/ft3)] [J/kg-OC (Btu/lb-0 F)

Boron nitride (BN) 1999 (124.8) 2017.7-1396.3 e (-0.00245 T)

[0.48193-0.33349 e (-0.0013611 T)]

Kanthal (KN) 7145 (446) 456 + 0.46 T for T < 649 0 C

[0.109 + (5.9E-5)T for T < 12000Fj

-1758 + 0.39 T for 649 0 C < T < 760 0 C

[-0.42 + (5.OE-4)T for 1200°F < T < 14000F]

4162 - 3.8 T for 760 0 C < T < 871 0 C
[0.994-(5.1E-4)T for 1400°F < T < 16000F]

664.9 + 0.090 T for T> 871 0 C

[0.1588 + (1.2E-5)T for T > 1600°F]

Stainless steel 8026 (501) 444 + 0.2888 T for T < 315.11 0 C

304 (SS) [0.106 + (3.833E-5)T for T < 599.250F]

484.4 + 0.1668 T for T> 315.11 0 C

[0.1157 + (2.2143E-5)T for T > 599.250FJ
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TABLE P-2

KANTHAL FRACTION IN ROD ZONE 2

Elevation Elevation

[m (in.)] Kanthal Factor (f) [m (in.)] Kanthal Factor (f)

0 (0) 0.1116 1.98 (78) 0.4013

0.15 (6) 0.1116 2.13 (84) 0.4442

0.30 (12) 0.1116 2.29 (90) 0.4286

0.46 (18) 0.1116 2.44 (96) 0.3141

0.61 (24) 0.1607 2.59 (102) 0.2681

0.76 (30) 0.2133 2.74 (108) 0.2138

0.91 (36) 0.2644 2.90 (114) 0.2138

1.07 (42) 0.2644 3.05 (120) 0.1602

1.22 (48) 0.3073 3.20 (126) 0.1040

1.37 (54) 0.3528 3.35 (132) 0.1040

1.52 (60) 0.3827 3.51 (138) 0.1040

1.68 (66) 0.4013 3.66 (.44) 0.1040

1.83 (72) 0.4013

P-2. SOLUTION FOR EQUATION (C-3)

Since all the parameters of equation, (C-3) are readily available from the test results,

operating conditions, and test design, the ordinary differential equation can be solved

with a proper initial condition. The initial condition was provided by the measured

initial temperature. The subroutine DGEAR of IMSL(1) was used for the present

calculations. The resulting program was called HEATUP.

1. The IMSL Library, Edition 8, International Mathematical and Statistical Libraries,
Inc., Houston, TX.
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