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i ABSTRACT
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Recorded test data are presented for Tests LOC-11B and 1IC of the Thermal Fuels
Behavior Program Loss-of-Coolant Accident Test Series. These tests, the first in a series of
LOCA experiments conducted at the Power Burst Facility, investigated the behavior of the
cladding of nuclear fuel rods exposed to temperatures similar to those expected in a
pressurized water reactor during the blowdown and heatup phases of a 200% double-endedi

' cold leg break. Tests LOC-llB and llc were conducted at axial peak powers of 46 and
j 68 kW/m, respectively, which resulted in respective peak cladding temperatures of 880 K
j and 1030 K. This report makes available the uninterpreted data for future analysis and test

#

] reporting activities. The data, presented in the form of graphs in engineering units, have

j been analyzed only to the extent necessary to ensure they are reasonable and consistent.
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SUMMARY

.
Tests LOC-IIB and llc were performed as part of the Thermal Fuels Schavior

Program conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission.*

These tests were the first in the Loss-of-Coolant Accident (LOCA) Test Series designed to.

provide experimental information on fuel survival characteristics under off-normal or
accident conditions. The test objective specific to LOC-11 B and i1C was one of subjecting -
the cladding of four nuclear fuel rods of pressurized water reactor (PWR) design to
temperatures similar to those experienced by the highest powered PWR fuel rod during the
blowdown and heat-up phases of a 200'70 double-ended cold leg break.

The Power Burst Facility was designed to provide the neutron and coolant
environment required to simulate conditions in a light water reactor during postulated
accident events. The test facility consists primarily of:

(1) . A seactor vessel and driver core region to provide the neutron
environment

(2) An in-pile tube in the center of the driver core for containing the
,

test rods

(3) A pressurized water flow loop to provide the coolant environ-
*

ment in the in-pile tube
4

(4) A blowdown system to simulate a blowdown accident.
,

The test experiment consisted of four separately shrouded unirradiated PWR-type fuel
;
'

rods which were positioned in the in-pile tube at driver core level.
,

Each test consisted of the following phases:
,

(1) lleat-up - establishment ofinitial test coolant conditions

| (2) Power calibration - calibration of experiment power with
| reactor power

D
(3) Preconditioning - period which allowed fuel cracking, restruc-

turing, and fuel relocation

[ (4) Decay heat buildup - achievement of sufficient decay heat
| prior to blowdown

W
| (5) Blowdown and quench - sequential shutdown of the reactor,

blowdown of the in-pile tube, and cold water injection

lii

L_



(6) Cooldown -- continuous cooUng Dow maintained to prevent rod
damage from decay heat.

.

Three separate nuclear blowdown tests were performed on the same LOC-11 test train
*fuel and hardware. The first test, LOC-11 A, was not conducted as planned due to spurious

cycling of system valves which resulted in a delay in the onset of critical heat flux and low .

peak cladding temperatures. Test LOC-1iB was next performed with the system operating
properly but at an axial peak test rod power of almost 46 kW/m which resulted in low peak
cladding temperatures of about 880 K. Although no sigr.ificant fuel rod degradation
occurred during the first two tests, Test LOC-1IB was considered successful and provided
important data. A third test, Test LOC-11C was subsequently performed with the same test
rods but with increased rod powers and a reduction m time from reactor shutdown to
blowdown initiation. Peak test rod cladding temperatures of approximately 1030 K resulted
during the blowdown transient and satistled test objectives.

The PBF-LOCA instrumentation system was designed to measure and record the
important events that occurred prior to and during a LOCA test. Each test rod and its
shroud cooling environment was fully instrumented. The blowdown piping variables were
further characterized through use of instrumented spool pieces. The instrumentation on
these spool pieces provided Guid temperature, pressure, velocity, and density information
during the blowdown transient.

The data obtained from these tests have been subjected to a thorough review and
~

subsequently divided into verified, restrained, trend, or failed data. The time span selected
for the bulk of the data extends from 5 s prior to reactor shutdown for blowdown ,

initiation, to 30 s following shutdown. Additional data plots with other time spans are ,

included on microfiche attached to the back cover of this report.
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(TE-8-3 ), Tes t LOC- 1 I C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105'

,

132. Cladding temperature Rod 4,0.61 m above bottom of fuelstack
(TE-8-4 ), Tes t LOC- 1 I C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

,

133. Cladding temperature Rod 1,0.53 m above bottom of fuel stack
106(TE-10-1), Test LOC-I IC ............................

i
1

134. Cladding temperature Rod 2,0.53 m above bottom of fuelstack-

106
! (TE-10-2), Test LOC-1 IC ...................... .....

135. Cladding temperature Rod 3,0.53 m above bottom of fuel stack'

107(Tli-10-3), Test LOC-1 IC ............................

136. Cladding temperature Rod 4,0.53 m above bottom of fuel stack
10'7

,

(TE-10-4), Test LOC-11C ............................

{d 137. Cladding temperature Rod 1,0.61 m above bottom of fuel stack
108j (TE-22-1), Test LOC-11C ....... ......... ..........

i

i

xiii
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138. Cladding temperature Rod 2,0.61 m above bottom of fuel stack
(TE-22-2), Test LOC-11C 108. .. . .. .

.

139. Cladding temperature Rod 3,0.61 m above bottom of fuel stack
(TE-22-3), Test LOC-11C 109..

.

140. Cladding temperature Rod 4,0.61 m above bottom of fuel stack
(TE-22-4), Test LOC-11C 109... ....

141. Fuel temperature Rod 1.0.53 m above bottom of fuel stack
(TE-11-1), Test LOC-11C I10. . . .

142. Fuel temperature Rod 2,0.53 m above bottom of fuel stack
(TE-I I-2), Test LOC-I IC 110.. .. . .

143. Fuel temperature Rod 3,0.53 m above bottom of fuel stack
(TE-I I-3), Test LOC-I I C 111.. . ... .... . .

144. Fuel temperature Rod 4,0.53 m above bottom of fuel < tack
(TE-11-4), Test LOC-11C Ii1.. ... . . .

145. Fluid temperature in lower upper plenum (TE-1), Test LOC-11C I12.

.

146. Fluid temperature of Rod I coolant cutlet (TE-2-1),
Test LOC-11C I12. . .

.

147. Fluid temperature of Rod 2 coolant outlet (TE-2-2),
Test LOC-11C I13. . ... .

148. Fluid temperature of Rod 4 coolant outlet (TE-2-4),
I13Test LOC-11C . .. . . . .. . ... .

149. Fluid temperature of Rod 1,0.61 m above bottom of fuel stack
(TE-6-1), Test LOC-IIC I14.. .. .

|
150. Fluid temperature of Rod 3,0.61 m above bottom of fuel stack'

| (TE-6-3), Test LOC-11C I14.. . . . . .

1

, 151. Fluid temperature of Rod 4,0.61 m above bottom of fuel stack
. . . . I15(TE-6-4). Test LOC-11 C .

152. Fluid temperature of Rod 1,0.46 m above bottom of fuel stack
. . . . . . I16 *

|
(TE-9-1), Test LOC-11 C

153. Fluid temperature of Rod 2,0.46 m above bottom of fuel stack
. .. . . I16(TE-9-2), Test LOC-11C

| xiv



154. Fluid temperature of Rod 3,0.46 m above bottom of fuel stack
(TE-9-3 ) Test LOC- 1 1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I17

.

I55. Fluid temperature of Rod 4,0.46 m above bottom of fuel stack
(TE-9-4 ), Tes t LOC- 1 1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . I17

.

156. Fluid temperature of Rod I,0.30 m above fuel stacx bottom
1I8(TE-13-1), Test LOC-11C ............................

157. Fluid temperature of Rod 2,0.30 m above fuel stack bottom
CE-13-2), Test LOC-11C I18............................

158. Fluid temperature of Rod 4,0.30 m above fuel stack bottom
I19(TE-13-4), Test LOC-11C ............................

159. Fluid temperature of Rod I inlet coolant (TE-14-1),
Test LOC-llc 119..................................

160. Fluid temperature of Rod 3 inlet coolant (TE-14-3),
Test LOC-11C 120..................................

161. Fluid temperature of Rod 4 inlet coolant (TE-14-4),
Test LOC-1IC 120..................................

,

162. Fluid temperature in test train lower particle screen (TE-15),
Test LOC-11C 121..................................;.

163. Fluid temperature in test train lower particle screen (TE-16),
Test LOC-IIC 121..................................

164. Fluid temperature in test train bypass flow (TE-17),
Test LOC-1IC 122.............. ...................

165. Fluid temperature in upper plenum exit (TE-18), Test LOC-1IC 122........

166. Fluid temperature in upper plenum exit (TE-19), Test LOC-1IC 123........

167. Fluid temperature in inlet spool (TE-20), Test LOC-llc 123,...........

168. Fluid temperature in inlet spool (TE-21), Test LOC-IIC 124..... ......
.

169. Fluid temperature in cold leg blowdown spool (TE-23),
v' Test LOC-IIC 124..................................

170. Fluid temperature in cold leg blowdown spool (TE-24),
Test LOC-11C 125........ .................... ....

, xv
|
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171. Fluid temperature in hot leg blowdown spool (TE-26),
Test LOC-1IC 125.... . .. .. ............. .

.-

172. Differential temperature at fuelinlet and outlet Rod 1
(AT-1 -1 ), Test LOC-11 C . . . . . . . . . . 126.. ... .. ... .

.

173. Differential temperature at fuelinlet and outlet Rod 2
( AT- t -2 ), Test LOC- 1 1 C . . . . . . . . . . . . . . 126....... .....

174. Differential temperature at fuelinlet and outlet Rod 3
127(AT-1-3), Test LOC-11C ..... ..... .... . .. . ..

175. Differential temperature at fuelinlet and outlet Rod 4
(AT-1-4), Test LOC-I l C 127.. .... . ... . ..

176. Material temperature Rod 1,0.61 m above fuel stack bottom
128(TE-4-1), Test LOC-11C . .. ....... . ... . .. .

177. Material temperature Rod 2,0.61 m above fuel stack bottom
(TE-4-2), Test LOC-1 I C . . 128..... ....... . .

178. Material temperature Rod 3,0.61 m above fuel stack bottom
129(TE-4-3), Test LOC-1 IC . ..... .. . . . ..

,

179. Material temperature Rod 4,0.61 m above fuel stack bottom
(TE-4-4), Test LOC-11 C . . . . . . . . 129.. . . .. . . .

180. Material temperature Rod 1,0.46 m above fuel stack bottom
130(TE-7-1), Test LOC-1IC . . .. .. .... ... ... ...

181. Material temperature Rod 2,0.46 m above fuel stack bottom
130(TE-7-2), Test LOC-1 I C . . . . . ..... .. .. . .. ..

182. Material temperature Rod 3,0.46 m above fuel stack bottom
| (TE-7-3), Test LOC-l l C 131. ..... .... ..

1

l

183. Material temperature Rod 4,0.46 m above fuel stack bottom
131(TE-7-4), Test LOC-IIC . . . ... ...... ..

i 184. Material temperature Rod 1,0.30 m above fuel stack bottom .

. . ... . . 132(TE-12-1 ), Test LOC-1 IC

185. Material temperature Rod 2,0.30 m above fuel stack bottom v'

132(TE-12-2), Test LOC-1 I C .... .. . . .

xvi
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186. Material temperature Rod 3,0.30 m above fuel stack bottom
(TE-12-3), Test LOC-IIC 133.................... .. .. .

*

I87. Material temperature Rod 4,0.30 m above r iel stack bottom
(TE-12-4), Test LOC-1 IC 133..... . ........... .......

a

188. Absolute pressure in upper test train (PE-1), Test LOC-1IC 134. .......

189. Absolute pressure in upper test train (PE-3), Test LOC-11C . . . . 134.....

190. Absolute pressure below test train fuel rod (PE-6),
Test LOC-llc 135................ ....... ......

191. Absolute pressure in inlet spool (PE-9), Test LOC-1IC 135........ ....

192. Absolute pressure in cold leg blowdown spool (PE-10),
Test LOC-1IC 136.. ... ......... ... .. ...

193. Absolute pressure in cold leg blowdown spool (PE-11),
136Test LOC-11C . ... ...... ........... . ......

194. Absohite pressure in hot leg olowdown spool (PE-12),
Test LOC-IIC 137.......... .......... ..........

.

195. Absolute pressure in hot leg blowdown spool (PE-13),
137Test LOC-IlC .. ........ .. ..... . ..... .

.

196. Differential pressure between blowdown spools (APE-5),
Test LOC-11C 138...... .. .. ... ... . . . ...

197. Volumetric flow rate in fuel Rod I upper shroud (FE-1-1),
Test LOC-11C . . .. ...... ........ .... .. 139

198. Volumetric flow rate in fuel Rod 2 upper shroud (FE-l-2),
139Test LOC-1IC .... ... .. .. .. ....... . .

199. Volumetric flow rate in fuel Rod 3 upper shroud (FE-1-3),
140Test LOC-11C . ..... ........ . ...

200. Volumetric flow rate in fuel Rod 4 upper shroud (FE-1-4),
*

140Test LOC-IIC . . .. .. . . . . . .

201. Volumetric flow rate in fuel Rod I lower shroud (FE-2-1),,

Test LOC-11C 141.. . .. .. .. .... .

xvii
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202. Volumetric flow rate in fuel Rod 2 lower shroud (FE-2-2),
Test LOC-IlC 141.................... ..... .......

.

203. Volumetric flow rate in fuel Rod 3 lower shroud (FE-2-3),
Tes t LOC- 1 1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142

.

204. Volumetric flow rate in fuel Rod 4 lower shroud (FE-2-4),
Tes t LOC l l C - . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 142.

20f. Volumetric flow rate from 11owmeter in inlet spool (FE-5),
Test LOC- I I C . . . . . . . . . . . . . . . . . . . . . . . . . 143...... .

206. Volumetric flow rate in cold leg blowdown spool (FE-6),
Test LOC-IIC 143................. ................

207. Volumetric flow rate in hot leg blowdown spool (FE-9), '

Test LOC-llc 144..................................

208. Momentum flux in cold leg blowdown spool (FE-7), Test LOC-11C . . . . . . . 145

209. Momentum flux in hot leg blowdown spool (FE-8), Test LOC-11C 145.......

210. Chordal density in upper gamma beam in cold leg (DEN-1-U),
*

Test LOC-IIC 146................................ .

211. Chordal density in upper gamma beam in hot leg blowdown spool ,

( DEN-2-U), Test LOC- 1 1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146

212. Chordal density in center gamma beam in hot leg blowdown spool
(DEN-2-C), Test LOC-11C . 147..................... . ..

213. Chordal density in lower gamma beam in hot leg blowdown spool
..................... . 147(DEN-2-L), Test LOC-11C . . .

214. Average density of hot leg blowdown spool (DEN-2-AVE),
Test LOC-llc 148..... ........................ ..

215. Cladding displacement of Rod I (LVDT-1), Test LOC-llc 149... .......

216. Cladding displacement of Rod 2 (LVDT-2), Test LOC-1IC 149. ... ...
,

217. Cladding displacement of Rod 3 (LVDT-3), Test LOC-1lc . . . . . . . . . . 150

s
218. Cladding displacement of Rod 4 (LVDT-4), Test LOC-1 IC 150..... .....

xviii
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i

.

1

i

219. Reactor power from plant protective system (PPS-1),4

I Tes t LOC- l l C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
; .
i 220. SPND power trend 0.76 m above fuel stack bottom (SPND-1),

.

|
'

.

151' Test LOC-IIC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
'

,

! 221. SPND power trend 0.61 m above fuel stack bottom (SPND-2),
. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . 152Test LOC-IIC;

;

i
i 222. SPND power trend 0.30 m above fuel stack bottom (SPND4),
j Tes t LOC- 1 1 C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 152

|:

1223. SPND power trend 0.15 m above fuel stack bottom (SPND-5),
1531 Test LOC-IlC . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .

; .
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MICROFICHE ADDRESSES FOR TEST LOC-IIB

I
.

Cl Plenum temperature in fuel Rod I (TE-3-1) (Sheet No.1)

4

DI Plenum temperature in fuel Rod 2 (TE-3-2) (Sheet No.1) -

El Plenum temperature in fuel Rod 3 (TE-3-3) (Sheet No.1)

F1 Cladding temperature Rod I,0.53 m above fuel stack bottom

(TE-5-1) (Sheet No.1)

GI Cladding temperature Rod 2,0.53 m above fuel stack bottom
(TE-5-2) (Sheet No.1)

111 Cladding temperature Rod 3,0.53 m above fuel stack bottom
(TE-5-3) (Sheet No.1)

; 11 Cladding temperature Rod 4,0.53 m above fuel stack bottom
'

(TE-54) (Sheet No.1)

J1 Cladding temperature Rod 1,0.61 m above fuel stack bottom
(TE-8-1) (Sheet No.1) ,

1

K1 Cladding temperature Rod 2,0.61 m above fuel stack bottom
(TE-8-2) (Sheet No.1) -

Ll Cladding temperature Rod 3,0.61 m above fuel stack bottom

(TE-8-3) (Sheet No.1)j

M1 Cladding temperature Rod 4,0.61 m above fuel stack bottom
(TE-84) (Sheet No.1)

! N1 Cladding temperature Rod I,0.53 m above fuel stack bottom

(TE-10-1) (Sheet No.1)
|

01 Cladding temperature Rod 2,0.53 m above fuel stack bottom
! (TE-10-2) (Sheet No.1)

P1 Cladding temperature Rod 3,0.53 m above fuel stack bottom
|

.

(TE-10-3) (Sheet No.1)

B2 Cladding temperature Rod 4,0.53 m above fuel stack bottom 1

(TE-10-4) (Sheet No.1)

i

xx
!
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1

C2 Cladding temperature Rod 1,0.61 m above fuel stack bottom

(TE-22-1) (Sheet No.1)
9

D2 Cladding temperature Rod 2,0.61 m above fuel stack bottom
,

(TE-22-2) (Sheet No.1)
- .

E2 Cladding temperature Rod 3,0.61 m above fuel stack bottom j

(TE-22-3) (Sheet No.1)

4

F2 Cladding temperature Rod 4,0.61 m above fuel stack bottom

(TE-22-4) (Sheet No.1) <

G2 Fuel temperature Rod 1,0.53 m above fuel stack bottom

(TE-11-1) (Sheet No.1)

112 Fuel temperature Rod 2,0.53 m above fuel stack bottom
(TE-11-2) (Sheet No.1);

!

12 Fuel temperature Rod 3,0.53 m above fuel stack bottom
(TE-l1-3) (Sheet No.1)

.

J2 Fue! temperature Rod 4,0.53 m above fuel stack bottom"

(TE-l1-4) (Sheet No.1)
.

K2 Fluid temperature in lower upper plenum (TE-1) (Sheet No.1)

..

Fluid temperature Rod I coolant outlet (TE-2-1) (Sheet No.1)L2

M2 Fluid temperature Rod 2 coolant outlet (TE-2-2) (Sheet No.1)

N2 Fluid temperature Rod 4 coolant outlet (TE-2-4) (Sheet No.~ l)

02 Fluid temperature Rod 1,0.61 m above fuel stack bottom
,

(TE-6-1) (Sheet No.1)

P2 Fluid temperature Rod 3,0.61 m above fuel stack bottom
(TE-6-3) (Sheet No.1)

i .

B3 Fluid temperature Rod 4,0.61 m fuel above stack bottom

|, (TE-6-4) (Sheet No.1)

| C3 Fluid temperature Rod 1,0.46 m above fuel stack bottom

.v (TE-9-1) (Sheet No.1)

D3 Fluid temperature Rod 2,0.46 m above fuel stack bottom
(TE-9-2) (Sheet No.1)

xxi
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;

4 E3 Fluid temperature Rod 3,0.46 m above fuel stack bottom

(TE-9-3) (Sheet No.1)

1 F3 Fluid temperature Rod 4,0.46 m above fuel stack bottom
*

(TE-9 4) (Sheet No.1)
.

G3 Fluid temperature Rod I,030 m above fuel stack bottom
(TE-13-1) (Sheet No.1)

113 Fluid temperature Rod 2,030 m above fuel stack bottom-

j (TE-13-2) (Sheet No.1)

13 Fluid temperature Rod 4,0.30 m above fuel stack bottom

(TE-13-4) (Sheet No.1)

J3 Fluid temperature of fuel Rod I inlet coolant (TE-14-1)
i (Sheet No.1)
.

| K3 Fluid temperature of fuel Rod 3 inlet coolant (TE-14-3)
(Sheet No.1)

L3 Fluid temperature of fuel Rod 4 inlet coolant (TE-14-4)
'

(Sheet No.1)
.

M3 Fluid temperature in test train lower particle screen (TE-15)
(Sheet No.1)

,

i N3 Fluid temperature in test train lower particle screen (TE-16)
| (Sheet No.1)
l

03 Fluid temperature in test train bypass flow (TE-17) (Sheet No.1)

P3 Fluid temperature in upper plenum exit (TE-18) (Sheet No.1)

B4 Fluid temperature in upper plenum (TE-19) (Sheet No.1)

C4 Fluid temperature in inlet spool (TE-20) (Sheet No.1)

D4 Fluid temperature in inlet spool (TE-21) (Sheet No.1)

*

E4 Fluid temperature in cold leg blowdown spool (TE-23)

(Sheet No.1)

v'
F4 Fluid temperature in cold leg blowdown spool (TE-24)

(Sheet No.1)

j xxii
L
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G4 Fluid temperature in hot leg blowdown spool (TE-26)

(Sheet No.1)
e

114 Fluid temperature in hot leg blowdown spool (TE-25)

(Sheet No.1)
.

14 Differential temperature at fuelinlet and outlet Rod I
(AT-1-1) (Sheet No.1)

J4 Differential temperature at fuelinlet and outlet Rod 2
(AT-1-2) (Sheet No.1)

K4 Differential temperature at fuelinlet and outlet Rod 3
(AT-1-3) (Sheet No.1)

L4 Differential temperature at fuelinlet and outlet Rod 4
(AT-l-4) (Sheet No.1)

M4 Material temperature Rod 1,0.61 m above fuel stack bottom
(TE-41) (Sheet No.1)

N4 Material temperature Rod 2,0.61 m above fuel stack bottom

(TE-4-2) (Sheet No.1).-

04 Material temperature Rod 3,0.61 m above fuel stack bottom

(TE-4-3) (Sheet No.1)*

P4 Material temperature Rod 4,0.61 m above fuel stack bottom

(TE-4-4) (Sheet No.1)

B5 Material temperature Rod 1,0.46 m above fuel stack bottom

(TE-7-1) (Sheet No.1)

CS Material temperature Rod 2,0.46 m above fuel stack bottom

(TE-7-2) (Sheet No.1)

D5 Material temperature Rod 3,0.46 m above fuel stack bottom

(TE-7-3) (Sheet No.1)

ES Material temperature Rod 4,0.46 m above fuel stack bottom.

i (TE-7-4) (Sheet No.1) -

t .

F5 Material temperature Rod 1,0.30 m above fuel stack bottom|#
| (TE-12-1) (Sheet No.1)
i

1

xxiii
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G5 Material temperature Rod 2,0.30 m above fuel stack bottom
(TE-12-2) (Sheet No.1)

9

115 Material temperature Rod 3,0.30 m above fuel stack bottom
(TE-12-3) (Sheet No.1)

.

15 Material temperatua Rod 4,0.30 m above fuel stack bottom
(TE-12-4) (Sheet No.1)

JS Atwolute pressure in upper test train (PE-1) (Sheet No.1)

KS Absolute pressure in upper test train (PE-3) (Sheet No.1)

L5 Absolute pressure below test train fuel rod (PE-6) (Sheet No.1)

MS Absolute pressure in inlet spool (PE-9) (Sheet No.1)

NS Absolute pressure in cold leg blowdown spool (PE-10) (Sheet No.1)

05 Absolute pressure in cold leg blowdown spool (PE-11) (Sheet No.1)

P5 Absolute pressure in hot leg blowdown spool (PE-12) (Sheet No.1)

.

B6 Absolute pressure in hot leg blowdown spool (PE-13) (Sheet No.1)

C6 Differential pressure in cold leg blowdown spool (APE-5) .

(Sheet No.1)

D6 Volumetric How rate in fuel Rod I upper shroud (FE-1-1)
(Sheet No.1)

E6 Volumetric How rate in fuel Rod 2 upper shroud (FE-1-2)
(Sheet No.1)

F6 Volumetric How rate in fuel Rod 3 upper shroud (FE-1-3)
(Sheet No.1)

G6 Volumetric flow rate in fuel Rod 4 upper shroud (FE-1-4)
(Sheet No.1)

.

116 Volumetric flow rate in fuel Rod I lower shroud (FE-2-1)
(Sheet No.1)

v

16 Volumetric How rate in fuel Rod 2 lower shroud (FE-2-2)
(Sheet No.1)

xxiv



B

J6 Volumetric flow rate in fuel Rod 3 lower shroud (FE-2-3)
(Sheet No.1)

.

K6 Volumetric flow rate in fuel Rod 4 lower shroud (FE-2-4)
(Sheet No.1)

.

L6 Volumetric flow rate from flowmeter in inlet spool (FE-5)

(Sheet No.1)

M6 Volumetric flow rate in cold leg blowdown spool (FE-6)

(Sheet No.1)

N6 Volumetric flow rate in hot leg blowdown spool (FE-9)

(Sheet No.1)

06 Momentum flux in cold leg blowdown spool (FE-7) (Sheet No.1)

P6 Momentum flux in hot leg blowdown spool (FE-8) (Sheet No.1)

B7 Chordal density of upper gamma beam in cold leg (DEN-1-U)

(Sheet No.1)

C7 Chordal density of lower gamma beam in cold leg (DEN-1-L)
,

(Sheet No.1)

D7 Chordal density in hot leg blowdown spool, upper beam
.

(DEN-2-U) (Sheet No.1)

E7 Chordal density in hot leg blowdown spool, center beam

(DEN-2-C) (Sheet No.1)

F7 Chordal density in hot leg blowdown spool, lower beam

(DEN-2-L) (Sheet No.1)

G7 Average density of hot leg blowdown spool (DEN-2-AVE)

(Sheet No.1)

117 Cladding displacement of Rod I (LVDT-1) (Sheet No.1)

17 Cladding displacement of Rod 2 (LVDT-2) (Sheet No.1)
,

J7 Cladding displacement of Rod 3 (LVDT-3) (Sheet No.1)
y

K7 Cladding displacement of Rod 4 (LVDT-4) (Sheet No.1)

xxv
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|

L7 Reactor power from plant protective system (PPS-1)

(Sheet No.1)

*

M7 SPND power trend 0.76 m above fuel stack bottom (SPND-1)
(Sheet No.1)

.

N7 SPND power trend 0.61 m above fuel stack bottom (SPND-2)

(Sheet No.1)

07 SPND power trend 0.46 m above fuel stack bottom (SPND-3)
(Sheet No.1)

P7 SPND power trend 0.30 m above fuel stack bottom (SPND4)
(Sheet No.1)

B8 SPND power trend 0.15 m above fuel stack bottom (SPND-5)

(Sheet No.1)

C8 Absolute pressure in upper test train (PE-3) (Sheet No.1)

D8 Absolute pressure below test train fuel rod (PE-6) (Sheet No.1)

E8 Absolute pressure in cold leg blowdown spool (PE-10) (Sheet No.1)
.

F8 Absolute pressure in hot leg blowdown spool (PE-12) (Sheet No.1)

.

l

MICROFICHE ADDRESSES FOR TEST LOC-IIC

Cl Plenum tempera?"re in fuel Rod I (TE-3-1) (Sheet No. 2)

D1 Plenum temperature in fuel Rod 2 (TE-3-2) (Sheet No. 2)

El Plenum temperature in fuel Rod 3 (TE-3-3) (Sheet No. 2)

'
F1 Cladding temperature Rod I,0.53 m above fuel stack bottom

(TE-5-1) (Sheet No. 2)

Gl Cladding temperature Rod 2,0.53 m above fuel stack bottom
*

(TE-5-2) (Sheect No. 2)

111 Cladding temperature Rod 3,0.53 m above fuel stack bottom ,.

(TE-5-3) (Sheet No. 2)

xxvi
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I

11 Cladding temperature Rod 4,0.53 m above fuel stack bottom

(TE-5-4) (Sheet No. 2)
.

Jl Cladding temperature Rod 1,0.61 m above fuel stack bottom

(TE-8-1) (Sheet No. 2)
e

K1 Cladding temperature Rod 2,0.61 m above fuelstack bottom

(TE-8-2) (Sheet No. 2)

Ll Cladding temperature Rod 3,0.61 m above fuel stack bottom

(TE-8 3) (Sheet No. 2)

M1 Cladding temperature Rod 4,0.61 m above fuel stack bottom

(TE-8-4) (Sheet No. 2)

N1 Cladding temperature Rod I,0.53 m above fuel stack bottom
(TE-10-1) (Sheet No. 2)

01 Cladding temperature Rod 2,0.53 m above fuel stack bottom

(TE-10-2) (Sheet No. 2)

Pl Cladding temperature Rod 3,0.53 m above fuel stack bottom

(TE-10-3) (Sheet No. 2).

B2 Cladding temperature Rod 4,0.53 m above fuel stack bottom

(TE-10-4) (Sheet No. 2)*

C2 Cladding temperature Rod 1,0.61 m above fuel stack bottom

(TE-22-1) (Sheet No. 2)

D2 Cladding temperature Rod 2,0.61 m above fuel stack bottom

(TE-22-2) (Sheet No. 2)

E2 Cladding temperature Rod 3,0.61 m above fuel stack bottom

(TE-22-3) (Sheet No. 2)

F2 Cladding temperature Rod 4,0.61 m above fuel stack bottom

(TE-22-4) (Sheet No. 2)

* G2 Fuel temperature Rod 1,0.53 m above fuel stack bottom

(TE-ll-1) (Sheet No. 2)

"
112 Fuel temperature Rod 2,0.53 m above fuel stack bottom

(TE-11-2) (Sheet No. 2)

.

xxvii
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12 Fuel temperature Rod 3,0.53 m above fuel stack bottom
(TE-l1-3) (Sheet No. 2)

,

~

J2 Fuel temperature Rod 4,0.53 m above fuel stack bottom
(TE-l1-4) (Sheet No. 2)

.

K2 Fluid temperature in lower upper plenum (TE-1) (Sheet No. 2)

L2 Fluid temperature of Rod I coolant outlet (TE-2-1) (Sheet No. 2)
,

M2 Fluid temperature of Rod 2 coolant outlet (TE-2-2) (Sheet No. 2)

N2 Fluid temperature of Rod 4 coolant outlet (TE-2-4) (Sheet No. 2) i

O2 Fluid temperature Rod 1,0.61 m above fuel stack bottom

(TE-6-1) (Sheet No. 2)

P2 Fluid temperature Rod 3,0.61 m above fuel stack bottom

(TE-6-3) (Sheet No. 2) ,

B3 Fluid temperature kod 4,0.61 m above fuel stack bottom
(TE-6-4) (Sheet No. 2)

C3 Fluid temperature Rod 1,0.46 m above fuel stack bottom *

(TE-9-1) (Sheet No. 2)

*

D3 Fluid temperature Rod 2,0.46 m above fuel stack bottom
(TE-9-2) (Sheet No. 2)

E3 Fluid temperature Rod 3,0.46 m above fuel stack bottom f
(TE-9-3) (Sheet No. 2) :

IF3 Fluid temperature Rod 4,0.46 m above fuel stack bottom
(TE-9-4) (Sheet No. 2)

G3 Fluid temperature Red 1,0.30 m above fuel stack bottom ;
,

(TE-13-1) (Sheet No. 2) j

i 113 Fluid temperature Rod 2,0.30 m above fuel stack bottom !

(TE-13-2) (Sheet No. 2) 7
,

13 Fluid temperature Rod 4,0.30 m above fuel stack bottom
(TE-13-4) (Sheet No. 2)'

,

J3 Fluid temperature of Rod 1 inlet coolant (TE-14-1)
(Sheet No. 2)

-
.

xxviii
!
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:

i K3 Fluid temperature of Rod 3 inlet coolant (TE-14 3)
'

(Sheet No. 2)
.

L3 Fluid temperature in fuel Rod 4 inlet coolant (TE-14-4)
(Sheet No. 2)

l*
M3 Fluid temperature in test train lower particle screen (TE-15)

(Sheet No. 2)

N3 Fluid temperature in test train lower particle screen (TE-16)
(Sheet No. 2) <

03 Fluid temperature in test train bypass now (TE-17) (Sheet No. 2)
,

P3 Fluid temperature in upper plenum exit (TE-18) (Sheet No. 2)

11 4 Fluid temperature in upper plenum (TE-19) (Sheet No. 2)

C4 Fluid temperature in inlet spool (TE-20) (Sheet No. 2)

D4 Fluid temperature in inlet spool (TE-21) (Sheet No. 2)

.i E4 Fluid temperature in cold leg blowdown spool (TE-23) (Sheet No.2),

F4 Fluid temperature in cold leg blowdown spool (TE-24) (Sheet No. 2)
.

G4 Fluid temperature in hot leg blowdown spool (TE-26) (Sheet No. 2)
i

114 Differential temperature at fuelinlet and outlet Rod 1
'

(AT-l-1) (Sheet No. 2)

14 Differential temperature at fuelinlet and outlet Rod 2
(AT-1-2) (Sheet No. 2)

J4 Differential temperature at fuelinlet and outlet Rod 3
(AT-t-3) (Sheet No. 2)

K4 Differential temperature at fuelinlet and outlet Rod 4
(AT-l-4) (Sheet No. 2)

.

L4 Material temperature Rod 1,0.61 m above fuel stack bottom
(TE-4-1) (Sheet No. 2)

,y

M4 Material temperature Rod 2,0.61 m above fuel stack bottom
(TE-4-2) (Sheet No. 2)

xxix
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|

|
|
'N4 Material temperature Rod 3,0.61 m above fuel stack bottom

(TE-4-3) (Sheet No. 2)

*

04 Material temperature Rod 4,0.61 m above fuel stack bottom

(TE-4-4) (Sheet No. 2)
.

P4 Material temperature Rod 1,0.46 m above fuel stack bottom
(TE-7-1) (Sheet No. 2)

B5 Material temperature Rod 2,0.46 m above fuel stack bottom
(TE-7-2) (Sheet No. 2)

i CS Material temperature Rod 3,0.46 m above fuel stack boctom
(TE-7-3) (Sheet No. 2)

,

D5 Material temperature Rod 4,0.46 m above fuel stack bottom

(TE-7-4) (Sheet No. 2)

ES Material temperature Rod I,0.30 m above fuel stack bottom

(TE-12-1) (Sheet No. 2)

I F5 Material temperature Rod 2,0.30 m above fuel stack bottom
(TE-12-2) (Sheet No. 2)

.

G5 Material temperature Rod 3,0.30 m above fuel stack bottom

(TE-12-3) (Sheet No. 2) ,

| 115 Material temperature Rod 4,0.30 m above fuel stack bottom
: (TE-12-4) (Sheet No. 2)

IS Absolute pressure in upper test train (PE-1) (Sheet No. 2)
i

35 Absolute pressure in upper test train (PE-3) (Sheet No. 2)

K5 Absolute pressure below test train fuel rod (PE-6) (Sheet No. 2)

L5 Absolute pressure in inlet spool (PE-9) (Sheet No. 2)

| MS Absolute pressure in cold leg blowdown spool (PE-10) (Sheet No. 2)
I

l *

| N5 Absolute pressure in cold leg blowdown spool (PE-11) (Sheet No. 2)

| 05 Absolute pressure in hot leg blowdown spool (PE-12) (Sheet No. 2) ,

P5 Absolute pressure in hot leg blowdown spool (PE-13) (Sheet No. 2)

xxx
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11 6 Differential pressure in cold leg blowdown spool (APE-5)
(Sheet No. 2)

.

C6 Volumetric How rate in fuel Rod I upper shroud (FE-1-1)
(Sheet No. 2)

.

D6 Volumetric How rate in fuel Rod 2 upper shroud (FE-t-2)
(Sheet No. 2)

E6 Volumetric How rate in fuel Rod 3 upper shroud (FE-1-3)
(Sheet No. 2)

F6 Volumetric How rate in fuel Rod 4 upper shroud (FE-1-4)
(Sheet No. 2)

G6 Volumetric How rate in fuel Rod I lower shroud (FE-2-1)
(Sheet No. 2)

116 Volumetric How rate in fuel Rod 2 lower shroud (FE-2-2)
(Sheet No. 2)

16 Volumetric How rate in fuel Rod 3 lower shroud (FE-2-3)
(Sheet No. 2)

,

36 Volumetric 00w rate in fuel Rod 4 lower shroud (FE-24)
(Sheet No. 2).

K6 Volumetric How rate from Howmeter in inlet spool (FE-5)
(Sheet No. 2)

L6 Volumetric How rate in cold leg blowdown spool (FE-6)
(Sheet No. 2)

M6 Momentum Oux in cold leg blowdown spool (FE-7)
(Sheet No. 2)

N6 Momentum Oux in hot leg blowdown spool (FE-8) (Sheet No. 2)

06 Volumetric flow rate in hot leg blowdown spool (FE-9)
(Sheet No. 2),

p6 Chordal density of upper gamma beam in cold leg (DEN-1-U)
t (Sheet No. 2)

11 7 Chordal density in hot leg blowdown spool, upper beam (DEN-2-U)
(Sheet No. 2)

xxxi
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,

C7 Chordal density in hot leg blowdown spool, center beam (DEN 2-C)
,

(Sheet No. 2)

*

D7 Chordal density in hot leg blowdown spool, lower beam (DEN-2-L)

(Sheet No. 2)
.

E7 Average density of hot leg blowdown spool (DEN 2-AVE) (Sheet No. 2)

!
i - F7 Cladding displacement of Rod I (LVDT-1) (Sheet No. 2)

i

G7 Cladding displacement of Rod 2 (LVDT-2) (Sheet No. 2)

! 117 Cladding displacement of Rod 3 (LVDT-3) (Sheet No. 2)

17 Cladding displacement of Rod 4 (LVDT-4) (Sheet No. 2)

J7 Reactor power from plant protective system (PPS-1) (Sheet No. 2)

K7 SPND power trend 0.76 m above fuel stack bottom (SPND-1)

(Sheet No. 2).

L7 SPND power trend 0.61 m above fuel stack bottom (SPND-2)
(Sheet No. 2)

> .

M7 SPND power trend 0.30 m above fuel stack bottom (SPND-4)
(Sheet No. 2)

,

.
N7 SPND power trend 0.15 m above fuel stack bottom (SPND-5)

| (Sheet No. 2)

! 07 Absolute pressure in upper test train (PE-3) (Sheet No. 2)
;

P7 Absolute pressure below test train fuel rod (PE-6) (Sheet No. 2);

B8 Absolute pressure below test train fuel rod (PE-12) (Sheet No. 2)

4
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1

EXPERIMENT DATA REPORT FOR

PBF-LOCA TESTS LOC-llB AND llc.

I. INTRODUCTION'

The Thermal Fuels Behavior Program, one of several water reactor research test
programs conducted by EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission,
produces data which will contribute to an improved understanding of the behavior of
nuclear fuel rods operated under normal, off-normal, and accident conditions. The main ~
objective of the Thermal Fuels Behavior Program is to develop an integral analytical and
experimental effort which is accomplished by using experimental data to evaluate the
completeness and accuracy of the analytical models.

The Loss-of-Coolant Accident (LOCA) Test Series, conducted as part of this program,
is specifically designed to provide data over the range of conditions that could exist during
the blowdown and heatup phases of a LOCA in a pressurized water reactor (PWR). Thei

coolant conditions are characterized by a rapid system depressurization and extreme
changes in' both mass flow and quality with departure from nucleate boiling occurring
within a few seconds of transient initiation.

.

The LOCA tests are conducted in the in-pile tube (IPT), the test space located
vertically in the center of the Power Burst Facility (PBF) reactor core. The PBF loop
coolant and blowdown systems allow PWR coolant conditions to be simulated in the IPT.

and provide the subsequent blowdown capability. The test train, an experiment support
apparatus, positions the fuel in the core region of the II'r and provides support for the test
instrumentation. The fuel rod dimensional characteristics are typical of those of a PWR
except for the length and plenum volume, which are scaled proportionally to the active fuel
length of a PWR rod. The 0.914-m rods are to be tested in both single and multirod arrays'

I with temperature, pressure, and deformation measurements specified and used for model
evaluation. Additional dynamic, pretest, and posttest measurements are specified to provide
checks on individual models and to determine boundary conditions.

Test LOC-11, the first test planned in the LOCA test series had the overall objective of
; subjecting the cladding of PWR-type nuclear fuel rods to temperatures similar to those
i experienced by the highest power PWR fuel rod during the blowdown and heatup phases of

a 200'7e double-ended cold leg break. A second objective was to compare the thermai
response and cladding deformation of pressurized and unpressurized fuel rods during a, ,

LOCA. In the first LOCA test, Test LOC-11 A, spurious cycling of the isolation valves caused
;

coolant to enter the test train after the blowdown system had been isolated from the loop.
; e Consequently, critical heat flux was delayed and intended peak cladding temperatures were

not achieved. As a result of low temperatures, the pressurized fuel rods did not experience
cladding ballooning, and cladding collapse did not occur on the unpressurized fuel rods. Test
LOC-IIB, the second test, was conducted using the LOC-II A configuration with the

1
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blowdown and isolation valves operating properly. Ilowever, Test LOC-11B was conducted
at an axial peak power of about 46 kW/m which resulted in relatively low peak cladding
temperatures of about 880 K. Although no significant fuel rod degradation occurred during .

the first two tests, Test LOC-11B was considered a successful test and did provide important
data. A third test, Test LOC-llc was subsequently performed with the same experiment
test rods but with increased rod powers and a reduction in time from reactor shutdown to +

blowdown initiation. This test resulted in peak cladding temperatures of about 1030 K and
satisfied test objectives.

The preblowdown nuclear phases of Test LOC-1I were: (1) the power calibration
phase, which calibrates test rod power with reactor power, (2) the preconditioning phase,
which promotes fuel pellet cracking and restructuring, and (3) the decay heat buildup phase
which provides decay heat during the blowdown phase.

This report presents the data from Tests LOC-11B and LOC-1IC in an uninterpreted
but readily usable form for use by the nuclear community in advance of detailed analysis
and interpretation. The data have been subjected to a thorough review and subseqdently
divided into verified, restrained, trend,or failed data. The time span selected for the bulk of
the data extend from 5 s prior to reactor shutdown for blowdown initiation, to 30 s
following shutdown. Additional data plots with other time spans are included in microfiche
attached to the back cover of this report.

Section II of this report presents the system configuratior., procedures, initial test ,

conditions, and events that are applicable to Tests LOC-llB and LOC-IlC; Section lli
provides brief descriptions of test instrumentation; and Section IV presents the data graphs
and provides comments and supporting information necessary for data interpretation. .

Appendix A provides a complete history of all thermal and nuclear cycles experienced by
the test train and test rod fuel; Appendix B describes the methods used in applying posttest
corrective adjustments to the data and subsequent verification; and Appendix C presents a
guide to the uncertainty associated with the data measurements.

.
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11. SYSTEM AND EVENTS FOR TESTS LOC-1 til AND LOC 1IC

1
.

; . L

! The following system configuration, procedures, and events are specific to Tests
LOC-1 lit and IIC.

e

1. SYSTEM CONFIGURATIONt

.

|
The Power Ilurst Facility consists primarily of an open tank reactor vesseland driver

core region with an active length of 0.91 m; a flux trap region in the center of the driver'

core contains an in-pile tube (IIT) in which the test fuelis located;and a pressurized water
How loop that permits control of the test fuel rod coolant flow rate, temperature, and
pressure within typical PWR levels. Through the use of high-speed valves, the in-pile tube'

portion of the loop can be rapidly depressurized in a manner similar to that which would!

occur in a PWR during a postulated loss-of coolant accident. The PIIF system major
; components are shown in Figure 1.

The PflF core is approximately a right-circular annulus 1.3 m in diameter and 0.91 m
in length, enclosing the centrally located vertical test space which is 0.21 m in diameter.The

j PilF core cross section is shown in Figure 2.

.

Any conceivable failure of the test fuel during a test (such as c! adding failure, gross
fuel melting, fuel-coolant interactions, fuel failure propagation, fission product release, or
metal-water reactions) can be safely contained by the PilF in-pile tube without damage to..

the driver core.

A schematic of the pressurized water loop and associated blowdown hardware is
shown in Figure 3.The loop pump, heaters and heat exchangers,and pressurizer provide the

{ desired flow rates, temperatures, and pressures to simulate coolant conditions of a PWR in
thellT.,

Thermal swell accumulators and acoustic filters are placed at the IPT inlet and outlet
to reduce the magnitude of the pressure surges extending down the loop pipe. The isolation
and bypass valves are actuated immediately prior to blowdown initiation so the loop can
continue to operate at normal conditions through the bypass valve.

i

| The llT is a thick-walled, inconel 718, high strength pressure tube designed to contain
the steady-state operating pressure and the pressure surges that may result from test fuel rod

,
'

failure. A flow tube with in central section (through the reactor core) of zircaloy-2 is
positioned within the IIT to direct the IIT flow. Flow enters the llT above the reactor core

e and flows down the annulus between the IIT wall and the flow tube. Flow reverses at the
bottom, flows up through the central region of the flow tube, past the test fuel rods and
exits the IPT above the reactor core. A nitrogen gas annulus is provided between the II"T

1
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wall and aluminum core filler piece because of the temperature gradient between the two. A
radial cross section of the IPT in the reactor core area is provided by Figure 4.

.

Illowdown capability is provided by two blowdown lines tied into the IIT inlet and
outlet lines (cold leg IIT inlet and hot leg-IIT outlet). Each line contains a measurement
spool, two quick opening and closing (< 100 ms) blowdown valves,and two llenry nozzles*

which provide the break. plane and control the break flow rate and depressurization rate.

The llenry nozzles, used in both Tests LOC-llB and llc, are venturi type restrictors
with throat diameters as tabulated in Table 1.

The blowdown header and tank collect and contain the coolant ejected from the 11T
and piping during blowdown and subscquent quench cooling.

Porttest quench cooling is accomplished by opening the quench valve, GB-LM-11-8,
and closing Gil-LM-11-18 (as shown in Figure 3) and the cold leg blowdown valves to permit
coolant from the quench tank (pressurized by a nitrogen gas system) to enter the IIT. After
the quench tank is emptied (about 60 s) coolant is pumped from the storage tank for up to
four hours to provide cooling.

Inside diameter - aluminum core filler piece

Gas annulus (4.75-mm gap),.s s

' ''

o x y.ss

, W y Inconel pressure tube
'

-

(0.155-m inside diameter.
' '

0.200-m outside diameter)v'^ s

-
s , Zircaloy flow tube'

'
-

(0.121-m inside diameter.
'

O.127-m outside diameter)
s

:d'

$ 1'.
N

.R

s , :ex

'
' s s

's h',s
'

'
'

h'h INEL-A-8758y s,

N . .x-. : .p.

h s ;''$'c'M:'S'];
.s

4'''

xxs x

e

Hg. 4 Radul cmss section of the PBF in-pile tube.
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TABLE I

N0ZZLE LOCATIONS AND DIAMETERS FOR TESTS LOC-llB AND 11C
.

Nozzle Designation Location Throat Diameter (m)
.

FE-ll-1-1 Hot leg 13.56

FE-11-1-2 Hot leg 14.22

FE-ll-1-3 Cold leg 14.22

FE-11-1-4 Cold leg 13.56

A small warm-up line and valve connect the hot and cold blowdown piping legs and
provide a small Dow rate to keep the piping legs at system temperature prior to blowdown.

The sequencing of the valve operation during blowdown is controlled by a
time-sequential programmer in the PBF programming and monitoring system. Signals for
cladding temperature and elapsed time are aiso input into this system and determine the
time of posttest quench cooling initiation.

1 The test experiment consisted of four separately shrouded unitradiated PWR-type fuel
~

rods. The fuel rod characteristics are shown in Table 11 and the assembly configuration is
shown in Figure 5. The fuel rod dimensional characteristics are typical of PWRs except for
the length and plenum volume. The plenum volume is scaled proportionally to the active ,

fuel length of a PWR. The helium prepressurization was selected so that two rods are
pressurized to a value for the first LOFT core (0.1 MPa). The higher pressures shown in
Table I for the remaining two rods correspond to cold values typical of the beginning-of-life
and the end-of-life in a PWR. The enrichment is higher than that found in a PWR to obtain
the desired peak linear heat rating in the PBF.

A fluted shroud design was selected for the fuel rod shrouds to minimize the chances
of complete blockage of the flow channel in the event the uniform ballooning occurs as
expected around the fuel rod circumference. The shroud is formed from a nominal 25.4-mm
outside diameter zircaloy-2 tube with a wall thickness of 1.24 mm. The coolant flow area"

2for each fuel rod contained within its shroud is 225.7 mm . The orientation of the fuel rods
within the IPTis shown in Figure 6.

The LOC-11 test train is shown in Figure 7. During preblowdown steady-state
~

conditions, the coolant flow enters the PBF reactor II'T inlet and passes downward outside
the IPT flow tube to the vicinity of the lower particle screen. (The particle screens prevent
fuel particles from being carried out of the II'T through the flow path.) ',

The coolant flow reverses at the IPT bottom and passes through the lower stainless
steel particle screen and up the center of the II'r flow tube. The flow then enters one of

8
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TABLE II

NOMINAL FUEL R0D CHARACTERISTICS FOR TESTS LOC-llB AND llc
.

U enrichment 9.5%
235

3UO density 10.41 g/cm
2

Pellet diameter 9.30 mm

Cladding material zircaloy-4

Cladding outside diameter 10.72 mm

Cladding inside diameter 9.50 mm

Cladding thickness 0.61 mm

Cladding finish Pickled and rinsed

Diametral gap 0.20 mm

'

Pellet length 15.24 mm

Pellet dishing Depth 0.33 mm
.

Radius 3.30 mm

Plenum spring Soiled carbon steel. 9.35 mm diameter
,

Insulating pellet length 15.24 mm

Active fuel stack length 914.4 mm maximum

Cladding overall length 1003.3 mm

Rod overall length 1205 mm
,

Helium prepressurization - 2 rods at 0.103 MPa (Rods 611-1 and 611-4)

I rod at 2.41 MPa (Rod 611-3)

1 rod at 4.82 MPa (Rod 611-2)
3Plenum volume 3.29 cm

.

.

9
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means of turbine flowmeters. The orifice (located at the top and bottom of the fuel rod
flow channel) also minimizes the effect of minor variations in hydraulic resistance on
coolant mass flow rates between the four channels and aids in obtaining coolant flow,

stagnation in the fuel assembly during blowdown.
1

The coolant now than passes through the annulus between the fluted shroud and the-

fuel rod, exits to the common upper plenum region, then passes through the upper particle
screen and out the IPT exit. A filler block is located above the II'I' exit to reduce the-

coolant volume in the upper plenum.

Table Ill provides a list of hydrualic volumes and flow areas for the PBF-LOCA
system piping.

TABLE III

PBF-LOCA SYSTEM HYORAULIC VOLUMES AND FLOW AREAS
'T

!

. Flow AreaVolume
Volume Location Description (t) (m )

Piping from isolation valve (GB-LM-11-6) 1.962 0.002 29
to inlet spool

~

Inlet spool 2.089 0.003 05

Piping from inlet spool to cold leg 0.901 0.002 29
*

blowdown piping

Cold 1.eg blowdown piping from IPT to 8.645 0.002 29
blowdown spool

IPT ~ downcomer 19.715 0.005 80

IPT lower plenum below particle screen 1.787 0.005 85i

IPT lower plenum above particle screen 1.727 0.005 49

Lower turbine meter volume 0.428 0.000 81

Test fuel rod shroud volume 0.826 0.000 90

Upper turbine meter volume 0.583 0.000 87

|
IPT upper plenum below particle screen 12.724 0.009 87

| IPT upper plenum above particle screen 5.118 0.016 79,

Hot leg blowdown piping from IPT to 8.615 0.002 29
blowdown spool

|

13
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TABLE III (continued)

F1 w Area .

Volume
Volume Location Description (t) (m )

Piping from hot leg to isolation valve 6.117 0.002 29 -

(GB-LM-ll-5)

Hot leg spool 2.553 0.003 05

Hot leg blowdown piping to blowdown valves 12.524 0.002 29

Cold leg blowdown piping to blowdown valves 16.156 0.002 29

Cold leg spool 2.553 0.003 05

Test fuel rod shroud bypass volume 17.86 0.008 21

Downcomer to hot leg leakage flow path 0.427 0.000 76

Hot leg blowdown piping from blowdown valve 2.673 0.002 29
to Henry nozzle FE-11-1-1

Hot leg blowdown piping from blowdown valve 2.673 0.002 29
to Henry nozzle FE-11-1-2

.

Cold leg blowdown piping from blowdown 2.673 0.002 29
valve to Henry nozzle FE-ll-1-3

.

Cold leg blowdown piping from blowdown 2.673 0.002 29
valve to Henry nozzle FE-ll-1-4

,

Quench line piping from GB-LM-ll-8 to 9.008 0.002 29
cold leg blowdown piping

2. EXPERIMENT CONDUCT

The LOC-11 experiment test train was installed in the PBF-IPT on
November 11,1977. Prior to the LOC-11B and 11C tests, several thermal cycles and
blowdowns were performed on the IPT system with the test train installed.* A complete
history of all temperature, nuclear, and blowdown cycles experienced by the LOC-Il test ,

train is provided in Appendix A.

Each test consisted of six phases which have been designated: ,

(1) lleat-up

i

14
j
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!

(2) Power calibration'

(3) Preconditioning
,

(4) Decay heat buildup
.

(5) Blowdown and quench

; -

i (6) Cooldown.
i

Nuclear operation began with the power calibration phase and terminated immediately prior
to the blowdown and quench phases. Figures 8 and 9 provide operating sequence plots of
representative system parameters for the duration of nuclear operation of both the
LOC-11 B and 1 IC tests.

I

2.1 Heat-Up Phase

Prior to nuclear operation, the IPT system coolant conditions were established at
; 15.2 MPa pressure,1.01 E/s flow rate through each test rod shroud,and an inlet temperature
j of between 575 K and 600 K (600 K was desired but not attainable until after the start of
; nuclear operation when additional nuclear heat was generated by the test fuel).

Loop coolant chemistry requirements were established during loop heatup and
~

adjusted within the following limits:'

pH range 5.7 to 10.2
.

Specific conductivity 1.4 to 48 ps/cm
Dissolved oxygen Less than 0.1 ppm

Chlorides Less than 0.15 ppm
;

Total suspended solids Less than 1.0 ppm

2.2 Power Calibration

The power calibration provided a means for calibrating the thermal-hydraulically
3

determined experiment power with reactor power and the self powered neutron detectors,

(SPNDs) mounted on the test train.The power calibrations were performed at the PBF core
power levels ranging from 2.0 to 14.9 MW for LOC-llB and from 2.0 to 25.1 MW for
LOC-11C.

; Rod power was calculated from a thermal balance using measurements of individual
,

" rod flow and coolant temperature rise along with shroud inlet temperature and pressure. To
help verify the calculations that were made, data from the SPNDs, the reactor power
instrumentation, and the centerline thermocouple as a function of rod power were.

compared with similar data from previous tests performed in the PBF.

1

i
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(2) Power calibration

. (3) Preconditioning

(4) Decay heat buildup
.

(5) Blowdown and quench

(6) Cooldown.
.

Nuclear operation began with the power calibration phase and terminated immediately prior
to the blowdown and quench phases. Figures 8 and 9 provide operating sequence plots of
representative system parameters for the duration of nuclear operation of both the
LOC-11 B and 1 IC tests.

2.1 IIeat Up Phase

Prior to nuclear operation, the IIYI' system coolant conditions were established at
15.2 MPa pressure,1.012/s flow rate through each test rod shroud, and an inlet temperature
of between 575 K and 600 K (600 K was desired but not attainable until after the start of
nuclear operation when additional nuclear heat was generated by the test fuel).

Loop coolant chemistry requirements were established during loop heatup and
~

adjusted within the following limits:

pl{ range 5.7 to 10.2,

Specific conductivity 1.4 to 48 ps/cm
Dissolved oxygen Less than 0.1 ppm

Chlorides Less than 0.15 ppm
Total suspended solids Less than 1.0 ppm

2.2 Power Calibration

The power calibration provided a means for calibrating the thermal-hydraulically
determined experiment power with reactor power and the self-powered neutron detectors
(SPNDs) mounted on the test train.The power calibrations were performed at the PBF core
power levels ranging from 2.0 to 14.9 MW for LOC-llB and from 2.0 to 25.1 MW for
LOC-11 C.

Rod power was calculated from a thermal balance using measurements of individual
.

rod flow and coolant temperature rise along with shroud inlet temperature and pressure.To
help verify the calculations that were made, data from the SPNDs. the reactor power
instrumentation, and the centerline thermocouple as a function of rod power were.

compared with similar data from previous tests pertormed in the PBF.

15
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Data required for the test rod average power are the coolant inlet temperature,
pressure, flow rate, and the coolant temperature increase. Data taken for power calculations
are average values from the most reliable instrumentation.The calculated rod power is most

'

influenced by variations in the coolant inlet temperatures when the coolant is only a few
degrees subcooled. A 2 o analysis (95% confidence) for these inlet temperatures resulted in a

3 K and 2 K range for LOC-11B and LOC-1IC, respectively. On the basis of these
preblowdown temperatures, the minimum and maximum powers were determind. Table IV

,

presents the calculated rod average and peak powers for both tests at blowdcwn initiation.

TABLE IV

TESTS LOC-llB AND llc R0D POWERS

Inlet Temperature Rod Peak Power Rod Average Power
Test (K) (kW/m) (kW/m)

LOC-11B Minimum 588 45.44 32.46

Average 591 46.20 33.00

Maximum 594 47.16 33.69

LOC-11C Minimum 596 67.10 47.93

Average 598 68.10 48.82-

Maxi m- 600 69.70 49.79
.

*

The a>:ial power distribution was determined from the five axially distributed SPNDs
and showed a peak-to-average ratio of 1.403 (i 1%, 95% confidence) at an elevation of
0.413 m ( 4%) measured from the bottom of the fuel stack.

2.3 Preconditionirg
!

Preconditioning of the four test rods is accomplished by several cycles of power
changes including the power calibration cycle. The power cycles promote fuel pellet
cracking and restructuring and allow the initiation of pellet-cladding mechanicalinteraction

|
to stablize.

Preconditioning cyc.''s were performed in all three nuclear tests (LOC-11 A,1IB,and
1IC) and exact times and pc vers are tabulated in Appendix A.

1

I 2.4 Decay Heat Buildup
*

An uninterrupted period of nuclear operation at the approximate desired test rod
'

power for blowdown was performed up to the time of blowdown initiation of both tests. A
minimum desired time of ten hours at power was achieved for each test. This period was
necessary to build up approximately 85% of the maximum possible decay heat in the rods.
Exact times and powers are tabulated in Appendix A.

18



Prior to the blowdown initiation of LOC-11B and i1C, flow of approximately 6.5 t/s
had been established through the inlet spool piece. Approximately 1.0 f/s of this value
passed from the cold leg to the hot leg through the warm-upline. Approximately 4 2/s passed-

through the four test rod shrouds. The piston ring seals at the lower support plate in the test
train were designed to reduce the leakage flow around the lower support plate to
approximately 0.1 R/s. These three flow paths account for approximately 5.12/s of the~

6.5 R/s flow measured at the inlet spool, implying that over 1.0 E/s was bypassing the four
test rod shrouds. Table V provides leakage flow data from both tests with no warm-up flow

(GB-LM-11-18 closed).

TABLE V

LEAKAGE FLOW FOR TESTS LOC-11B AND llc

LOC-llB LOC-llc
Time 01:16 Time 00:09

Transducer 1 February 1978 15 February 1978

FE-2-1 1.02 t/s 1.02 t/s

FE-2-2 1.04 1/s 1.07 t/s

FE-2-3 1.04 1/s 1.05 t/s
FE-2-4 1.07 t/s 1.07 t/s

- FE- 5 5.41 t/s 5.69 t/s
Leakage 1.24 t/s 1.48 t/s
Percent leakage 30% 35%

.

Inspection of specified test train tolerances revealed some possibility of additional
leakage paths through the flow tube metal transition locations and through the primary seal
located at the top of the flow tube between the downcomer flow and the hot leg. These paths

would bypass the test rod shroud area.

Since the location of the leakage path could not be determined with any certainty the
amount of flow passing up through the test train outside the rod shrouds is unknown. It
may be as much as 1.48 f/s or as little as 0.1 R/s. In addition, comparison of steady-state
measurements taken from all three tests indicate that the magnitude of the leakage flow
could vary significantly under supposedly similar hydraulic conditions. Possible explanations
for this observed behavior are that the leakage flow is dependent upon thermal expansion
effects of the ll'T and lirr flow tube due to temperature gradients across the IPT wall and*

upon mechanical interaction effects of the cold leg flow with the IPT flow tube..lf the
leakage flow rate is dependent upon the effects mentioned above, then the flow resistance
of the leakage flow rate will vary during the transient.

~
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2.5 Blowdown and Quench

The LOC-11B blowdown sequence was initiated at 01:46:28 on February 1,1978,
and at 00:24:32 on February 15,1978 for LOC-1 IC. The reactor scram occurred 30 s after -

blowdown initiation and the blowdown system valving sequenced as shown in Table VI.
Shutdown of the reactor, reactor scram, was performed by rapid insertion of the control

'

rods to their seat, or in core position. The time from scram initiation to rods seated was
approximately 100 me.

As noted in the valve sequencing table the stagnation time following isolation until
blowdown initiation was reduced from 0.8 s in LOC-11B to 0.15 s in LOC-1IC. This shorter
stagnation period was achieved in conjunction with higher test rod powers to produce higher
peak cladding temperatures during blowdown. The LOC-llB test was performed through
the use of blowdown valves GB-LM-11-1 and -3 with Ilenry nozzle throat diameters of
13.56 and 14.22 mm, respectively. Test LOC-1IC was performed through use of valves
GB-LM-11-2 and -3, both of which were connected to IIenry nozzles with a throat diameter
of 14.22 mm.

The blowdown transient of both tests lasted about 30 s and was followed by a 20-s
delay period prior to the quench initiation. Th, blowdown tank absolute pressure was
0.12 MPa prior to blowdown and remained essentially at that salue throughout the
transient.

Quench initiation was initiated approximately 50 s following reactor scram as -

indicated by the opening of the quench valve GB-LM-11-8 and the closing of the cold leg
blowdown and shutoff valves. After injection of the 365 K quench tank water, cooling was
maintained by continued flow from the hot water and storage tanks. The hot water tank *

prevents system thermal shock by providing an initial supply of heated water which
gradually decreases to the ambient temperature of the storage tank supply.

j 2.6 Cooldown
|

| Coolant was pumped from the storage tank for several hours at a maximum rate of
3.2 R/s and a minimum rate of 0.15 R/s.This rate was adjusted to ensure the cladding surface
temperatures did not exceed 610 K.

No fuel rod cladding failure or fission product release to the system coolant was
evident during or following any of the nuclear tests. Following Test LOC-I IC, the

|

| experiment test train was removed from the PBF IPT for disassembly and inspection in the

! hot cell.
!

'

.

|
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. . . . . .

TABLE VI

VALVE SEQUENCING FOR TESTS LOC-11B AND llc

Test LOC-llB (s)[a] Test LOC-11C (s)E*3

Reactor Scram 0.1150 0.0943

Bypass (GB-LM-11-7) 0.1150 begins 'o open 0.0943 begins to open
0.1619 open 0.1405 open

Cold leg isolation (GB-LM-ll-6) 0.1314 begins to close 0.1150 begins to close
0.1862 closed 0.1703 closed

Hot leg isolatica (GB-Lii-ll-5) 0.1418 begins to close 0.1213 begins to close
0.1871 closed 0.1675 closed

Hot leg blowdown (GB-LM-ll-1) 0.9082 begins to open 50.0880 begins to open
[b] [b]

Hot leg-blowdown (GB-LM-ll-2) 50.1356 begins to open 0.2624 begins to open~

50.2249 open 0.3308 open

Cold leg blowdown (GB-Lii-11-3) 1.0199 begins to open 0.4148 begins to open
1.1020 open 0.4916 open

50.1804 begins to close 50.1570 begins to close
50.3595 closed 50.3290 closed

Cold leg shutoff (GB-LM-ll-8) 50.1626 begins to close 50.1370 begins to close
50.2827 closed 50.2573 closed

Quench (GB-Lit-11-8) 50.3865 begins to open 50.3860 begins to open
50.4749 open 50.4715 open

[a] Seconds following scram initiation.
[b] Opened indication failed (valve opens in = 100 ms).



111. INSTRU3tENTATION AND MEASURE 31ENTS

'

The PBF-LOCA instrumentation system was designed to measure and record the
important events that occur prior to and during a LOCA test. The instrumentation required
to satisfactorily describe the test fuel rod behavior during blowdown conditions is of

,

primary importance. The instrumentation for the LOC-Il tests measures the fuel rod
surface and centerline temperatures, plenum pressure and temperature, axiallength change,
and coolant pressure, temperature, density,and flow rate.

A geometric orientation of the four test rods and associated instrumentation is shown
in Figure 10. General thermocouple construction information is supplied in Table VII.

The following instrumentation is used for measuring variables for each of the four fuel
rods. The detector name is given in each case and X denotes the test rod number (1,2,3, or
4). Figure i 1 graphically displays the relative locations of the fuel rod instrumentation.

(1) One Kaman strain gage pressure transducer, PE-4-X, is fitted
with a slip litting sleeve to protect the device from thermal
transients and measures the plenum pressure of each fuel rod.
The sleeve consists of a stainless steel annularjacket containing a
silver cylinder pressed on the inner surface and separated from
the outer surface by a helium filled gap.

.

(2) Four cladding surface thermocouples are laser welded to each
fuel rod at 0.53 m (TE-5-X and TE-10-X) and 0.61 m (TE-8-X

*

and TE-22-X) above the bottom of the fuel stack.

(3) One tungsten-rhenium centerline thermocouple (TE-11-X),
located 0.53 m above the bottom of the fuel rod stack in a
1.91-mm hole, measures the fuel temperature of each test rod.

(4) One plenum temperature thermocouple (TE-3-X), unshicided
from thermal radiation, indicates each fuel rod plenum gas
temperature.

(5) One EG&G Idaho, I n c., axial length change transformer
(LVDT-X) is located at the lower end of each rod. The device is
not temperature compensated or thermally shielded, so it detects
rather than quantifies length changes dering the transient

*

blowdown, quench, and cooling phases of the tests.

(6) Five self-powered neutron detectors, SPND-1, 2,3,4, and 5, are
'

located at 0.76,0.61,0.46,0.30, and 0.15 m, respectively, above
the bottom of the fuel rod stack.The detectors correlate reactor
power to calibrated fuel rod power and determine the axial
power shape with power level.

22
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TABLE VII

THERM 0 COUPLE CONSTRUCTION FOR LOC-11 TESTS

'

:

; Outside Wall
'

Sheath Diameter Thickness'

i Thermocouple Type . Insulation Material (mm) (mm) Junction Type

Centerline (TE-ll) W5Re/W26Re Be0 hard fired Ta 1.575 0.254 Grounded

Cladding surface Type K Mg0 Ti 1.17 0.229 Ungrounded,
(TE- 5,8,10,22) spade tip

,.

Coolant channel Type K Mg0 SST 1.575 0.254 Ungrounded

i differential ( AT-1)

Fuel rod plenum Type K Mg0 SST 0.51 [a] Grounded
(TE-3)a

:.
Fuel rod coolant inlet Type K Mg0 SST 1.575 0.254 Grounded'

and outlet (TE-2,14),

Inside shroud coolant Type K Mg0 SST 1.02 0.203 Grounded
(TE-6,9,13)

' Shroud outer surface Type K Mg0 Ti 1.17 0.229- Grounded,
(TE- 4,7,12) spade tip

[a] Wall is swaged at junction and thickness is not available.

4
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Instrumentation for measurement of coolant variables in the in-pile tube is shown in
Figure 12 and described as follows:

(1) A full-flow turbine flowmeter (Flow Technology) with graphite
sleeve bearings is located at the top (FE-1-X) and bottom
(FE-2-X) of each fuel rod shroud. Two pickup coils (EG&G
Idaho, Inc.) are a.sociated with each turbine to determine flow
direction.

(2) A pair of differential thermocouples (AT-1-X) measures the.

temperature increase across each fuel rod flow channel during
steady-state operation for power calibration purposes. The
junctions are located 0.18 m above the top of the fuel stack and
0.092 below the fuel stack bottom.

(3) A pair of thermocouples for each fuel rod channel measures the
fuel rod flow inlet and outlet temperatures. The inlet junction
(TE-14-X) is located 0.092 m below the bottom of the fuel stack
and the outlet junction is (TE-2-X) 0.18 m above the fuel stack
top.

(4) Three thermocouples, TE-6, 9, and 13-X, are located 0.30,0.46,
and 0.61 m above the fuel stack bottom, respectively. These .

detectors are positioned inside each flow shroud to measure the
coolant temperature during the transient.

| (5) Three thermocouples, TE-4, 7, and 12-X, are located 0.30,0.46,
and 0.61 m above the fuel stack bottom, repectively. These

! detectors are positioned on each fuel rod flow shroud to measure
the outside surface temperature.

| (6) Three thermocouples, TE-1,19, and 18, are located in the IPT
upper plenum at 0.38,0.76, and 1.52 m above the fuel rod flow
shroud outlets, respectively. These measurements aid in deter-
mining temperature gradients in the upper plenum region. The

| thermocouples are structurally supported by the hanger rod.

1

! (7) One thermocouple (TE-17), located in the bypass volume at the
midplane of the active fuel length, aids in the determination of
the coolant condition in the bypass region.

(8) Two thermocouples, TE-15 and 16, are located in the lower
plenum 0.025 and 0.22 m below the lower support plate, '

respectively, to aid in determining the coolant condition in the
lower plenum. The lower thermocouple junction is also below
the pressure transducers located in the lower plenum. A 16-mm
tip is exposed to the coolant.

|
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(9) One EG&G Idaho, Inc., fast response pressure transducer, PE-3,
measures large IPT overpressure transients. The transducer is

located 0.68 m above the fuel rod shroud tube outlets.

(10) Two EG&G Idaho,Inc., fast response pressure transducers, PE-2
and PE-6, are located 0.41 m above the fuel rod shroud outlets

.

and 0.19 m below the lower support plate, respectively, and
measure the pressure change during the blowdown transient.

(11) Two Kaman strain gage type pressure transducers, PE-1 and
*

PE-7, are located 0.41 m above the fuel rod shroud outlets and
. 0.19 m below the lower support plate, respectively, and measure
the preblowdown and saturated blowdown pressure.

)
i The three measurement spools provide additional initial conditions and blowdown

instrumentation which f ther characterizes.the blowdown coolant variables of pressure,ur

temperature, velocity, and density in the lines leading to the Henry nozzle break planes.
Schematics of the measurement spools showing associated instrumentation positions are
provided in Figures 13 and 14. Instrumentation for the measurement spools is described as
follows:

(1) Resistance temperature detectors (Rosemount) that measure the
preblowdown temperature of the coolant in each spool are
TE-20, inlet spool; TE-23, cold leg spool; and TE-26, hot leg *

spool.

(2) Exposed ribbon thermocouples, Type K, (Rosemount) that
measure tiie coolant temperature in each spool during the
transient are TE-21, inlet spool; TE-24, cold leg spool; and

! TE-25, hot leg spool.

(3) Flush mounted pressure transducers (Precise Sensors) that
'

measure the preblowdown and subcooled decompression in each
spool are PE-8, inlet spool; PE-10, cold leg spool;and PE-12, hot
leg spool.

(4) Water-cooled stand-off mounted pressure transducers (Precise
Sensors) measuring the preblowdown and saturated decom-
pression in cach spool are PE-9, inlet spool; PE-11, cold leg
spool; and PE-13, hot leg spool.

.

(5) A full-flow turbine meter with graphite bearings (Flow
Technology) measures preblowdown coolant velocity to the IPT
in the inlet condition spool (FE-5)and blowdown velocities from
the IPTin the hot (FE-9) and cold leg (FE-6) spools.

,
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(6) A drag disc (Ramapo),in eachhot and cold leg spool, FE-8 and
FE-7, respectively, measures the coolant momentum flux during
the transient. It is located in the center of the flow area and,

intercepts approximately 12% of the Dow area.

(7) A three-beam gamma densitometer (EG&G Idaho, Inc.) on each*

hot and cold leg spool measures coolant density.

(8) A pressure difference transducer, APE-5 (BLil), connects the hot
and cold leg spools. This device measures the preblowdown
pressure difference across the test train and the spool-to-spool
difference during the transient.

Free-field pressure transducers, in which the sensing elements are inside a bellows
arrangement, are used to eliminate connecting transmission lines and thereby produce higher
frequency response without the distortion caused by the lines.

The three-beam gamma densitometers use the attenuation of gamma rays from a
Cesium-137 source to sense the density of fluid within the blowdown spool. The three
beams traverse the lower, middle,and upper parts of the horizontal spool pieces as shown in

Figures 15 and 16 Each beam is considered to be measuring the average density along its
chordal path. To calculate the total average density the vertical density gradient was
assumed to be linear; then the chordal densities were fit to the model and integrated over

,

the spool piece cross section.

In the two blowdown spools the flow regime can be considered homogeneous in most
.

cases. The Guid is made homogeneous by Gow dispersing screens located in the inlet section
of the spool pieces. These screens are designed to remove fluid swirl caused by upstream
piping and then disperse and homogenize the Guid. At low velocities and high void fractions,
the Dow will degenerate into a stratified state which introduces significant flow regime
errors in the data presented.

.
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IV. DATA PRF.SENTATION.
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The data from PBF-LOCA Tests LOC-11B and iIC are presented with brief comment.
Processing analysis has been performed only to the extent necessary to obtain appropriate

,

engineeringunits and to en3ure th:.t the data are reasonable and consistent. In all cases,in .;,

Cconverting transducer output to ettgineering units, a homogeneous Huid was assumed. Tof
1 ' .1 ensure reasonable and consistent' data, all the da*a in this report were subjected to a
; thorbugh review. Where possible, instrument channel outputs were compared with
1/ 4 corrjsponding parameter channels, test predictions.. calculated quantities, and preblowdown
U' , /mit}al conditions. The results girovide the basis for posttest processing and adjustments, and

',

ver;0 cation applied to thes'e data. Appendix B describes in detail methods used to determine'

thI adjustments that have tiedr( applied to the presented data and provides the basis for!

verifying or dividing the data into, four categories:j
/ -

j .

; (1) Verified engmeermg umts data (Ve'rified) shave been verified to

: represent the variable being measured within specified uncer-

| tainty limits.

4- .

(2) Restrained data - appear reasonableput not within uncertainty ,

limits, or no data' from an independent channel are aiailable for |;
' comparison.

*

(3) Trend data - are suitable for illustrative purposes but probably
i not for numerical analyses.

i
.

| (4) Failed data - are irretrievable due to a measurement channel
failure.

t

Of the 119 measurements used to monitor the system performance for both Tests LOC-11B ;
! and i1C,105 and 102 measurements,' respectively, produced usable data. All detector

f analog output was digitized and recorded by the PBF data acquisition and reduction system

| (PBF/DARS). The PBF/DARS tape recording system was configured to record at four -|

[ different bandwidths: i
!

I

(1) - de to 10 IIz
, ,

I (2) de to 100 IIz
i . , 1

i (3) de to 5 kilz ;

1
,

1

(4) de to 20 kilz.'
/ ,!

Table Vill denotbs the bandwidth used for each measurement in the LOC-11 tests. All
blowdown data plo,ts'(-5 to 30 s) were recorded at a sample rate of 50 points per second. |
Long term data plots (-5 to 120 s) were compressed at a 4 to I ratio, giving an effective rate j

i
L'+

,_
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DATA PRESENTATION FOR TESTS LOC-llB AND llc
.
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| 4 to 120 5 4estrained
t

36
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TABLE VIII (continued)
.

I 'P'l**.*'I EeVU*S?I"**2'(, } o ,,[t.)e
Oste Aquisition kget sition

g) g)
% 8 t v.e"e"f_ .__ Jotet ton end f oareets De te( tor Systea Detec t pr _sys. tee _ f '2ure Nesurementfacent s__

fes t. fe,in
h. on.t I.nwedj

f( 9-3 0 to 1683 5 280 to 8?O E 1. F Hr 10 Hz 49 LOC-lit fest 10C 114
154 LOC IIC f rom - 10 to 4 s verIf ted g)
E3 6 to 20 s Restrained

20 to 30 s vertf sed q
30 to 120 s itestrained
Test LOC IIC

from - 13 to 4 s Vertfled I4 to 120 s Restretned 'l

50 LOC-Ilt Test LOC 118f t-9 4 f rom 10 to 4 s Wertfled155 LOC 11C 6 to 20 s Restralnedg)F3
20 to 30 s Wertfled g)
30 to 120 s kestratned
Test LOC IIC

from - 10 to 4 s Vertfled g)
4 to 120 s Restrenned

51 LOC ilt fest LOC-118
11-13-1 Inside shroud toolant thernatouple.

156 LOC-lit from 10 to 8 s vertised g)9. 30 e above f uel stets tiettom. 43 8 to 18 s Restrained
18 to 28 s Werified
28 to 120 s Restretned{,)
Test LOC-IIC

From - 10 to 6 s vertf ted g)
4 to 120 s Festrained

$2 LOC Ill fest LOC llPit 13-2 157 LOC-Ilt from - 10 to 8 s vertited gg
H3 8 to 18 s testrained

18 to 28 s verlf ted
28 to 120 s Restr'stned '
fest LOC 11C

f rom - 10 to 6 s vertf ted g)
6 to 120 s Festrained -

e

thennel f ailed
it l).)

53 LM-IIS fest LOC-IIS
it.13 4 1% LK IIC f rom - 10 to 8 ; vertf ted gy

13 8 to le s Bestre1 ped

18 to 24 s vertf ted g),

28 to 120 s Restretned
Test LOC-IIC

from - 10 to 6 s vert fled gj
6 to 120 s Restrotned'

7t 14-1 f uel rod coolant inlet ths mo- O to 1643 a fl to 1530 E 1.7 Hs 10fu 6d LOC-IIS fest LOC lit
159 LOC-11C From 10 to 16 s vertfled

courle. 0.092 e benas not too of le to 19 s Restralnedg)J3f uel ste(k. 19 to 25 s tertf ted
25 to 120 s kestreined
Test LOC-IIC

f rom - 10 to 14 s Vertf ted
14 to 120 s Restratnedgy

Channel fetted
71-14 2

55 LOC-lit Test LOC-Il8
f [- 14- 3 160 LOC-IIC Tran - 10 to le s verified q

E3 16 to 19 s Restrenned
19 to 25 s verified
25 to 110 s Aestrainedg
Test LOC *llt

f ron - 10 to 14 s vertfled g
14 to 120 s Restretted

56 LOC-Il4 fest LOC il8
7t- 14 4 161 LOC. llc f rom - 10 to 19 s fortfied

19 to 21 s Restrained ,)j
L3

21 to 28 s Werified -

28 to 120 s Restrained {''
Test LOC ItC

F rten - 10 to 11 s ver t f ted .

11 to 123 s Restrained {'I
.

57 LOC-IIB Test LOC-fl3
71-15 L ewr plenum thersucr ple. 162 LOC-llc Fros - 10 te 35 s vert ried qu

0.025 m twelow support plate. M3 35 to 120 s Restratned
fest L0r-11C

f rom - 10 to 25 s Ifertfied q
25 to 120 s Restrained

e

f f- 16 t ower pleous thermocouple. O to 1641 R 2&3 to 820 5 1. 2 Its 10 Hz $8 LOC-11B Tests tac II5 and flC
Fros - 10 to 50 s verified163 LOC-IIC % to 120 s Restrotned[,f0.22 e belon settert P ete N3

and near perficle streen

59 LOC Its fests LOC-Its and lit
T[-l? Espost volume therectouple. Iotated 164 LOC-l ?f. Trs.ws - 10 to 50 g vertfied lin the sidplane of the ectIve fuel . 50 to 120 s pestrainea ,I03

0.46 e above the fuel stec t httom.
6010C-119 Test LX-118

Tf 18 tWe pie *wn esit therenw o#e. 165 LOC-IIC f rom - 10 to 30 s vertfled NJ1.52 e etwee top or f ee l rod
skro94 out let. 37 50 to in s estrained,u re *# 1P3 30 to 50 s m



_ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ __ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE VIII (continued)
.

!f''lV'"fl .I'S28".''Y[g]
Data

Data Acqwtsillon Acg41s t t ten e
yesv emeR _ ,_f o(shun and C**en%j, g g

r De tet t er Jp tee __ petegior $ptee _ Fjpre _tteagvesent_C*eents,_,

Test Train
h.p*N_n e11v

?L-IG 1 to 1643 K 2W1 to 819 K 1. F M2 D Mr Test LOC 11C
Fros - 10 to 22 s vertfied

22 to 120 s Restrancedg

TL- 19 Opper p le*un entt thersetowple, 61 LO(-il8 Test LOC 115
0.16 e enove too of feel rod 166 tot lic From - 10 to 20 s vertfled

b}shroud out!et. 64 20 to 60 t Restressed
!$0 to 120 s Restralned

Test LOC-ilf
From - 10 to 16 s verif ted

16 to 120 s Restratnedq

In'et
*2N

TE-2'J Resistence temperat4ee dete(tor. 280 to 766 ( i.4 Nr 10 tit ',2 LOC-Ilt Test LOC IIB
167 Lx-ItL f res - 10 to 12 Vertfled

C4 12 to ll0 i Restrained
Test LOC-IIC

f rom - 10 to la S Vertf ted g
10 te 120 nestrained

f(+ 21 laposed ret 4on thermorpuple, 2fl0 to BM i 17.$ Hz 100 H 63 LOC 118 Test LDC-Ilt
it.3 LOC Ilt from - 10 to 39 s versited ,

D4 19 to 1201 Restrataed
Test LOC-ilt

from - 10 to JO s Verlised
30 to 120 s Restrataed '1

B I owdoom

5F9 :.

71-21 Resistame temocratve detector. 230 to 76e i 17.$ Hz 100 H 64 LOC 118 Test LOC-Ils
Ferm - ID to 18 s vertfieeIfi9 LOC-IIC

E4 18 to 120 s testratnedg -
Test 10C+ t 1C

*f ree - 10 to 15 s verif ted b515 to 120 s Restrained

TF 24 Esposed ribbon fherwxoucle, cold 230 to 820 8 17.5 pr 100 Hz f 5 LO(.-IIB Test LOC 118
leg outlet spool. 170 LOC-a lt Fron - la to 18 s Vertised

I4 14 to IM s Restrained
Test LOC-IIC e

10 to 15 s verified ef rom -
1% to 120 s Restrained'q

TI-25 Emposed ribton therwouple, hot 66 LOC-11B Test LOC-118
Free 10 to 14 4 vert f'.edleg telet spool. 14 to 120 s Restrasned 'jI

G4 LOC-118 Channel failed for LOC-IIC

71-26 Reshtence teeveretore detector. 280 to 766 R 1.4 Mr 10 tiz 67 LOC-118 Test LOC Itt
Frum li to 14 s vertitedhot leg latet spool. 111 LOC-IIC

144 LOC-118 14 to 120 s Restrainedq
G4 LOC-llc Test LOC-13C

front - 10 to 11 s Vertfted
11 to 120 s testratned

bliFCRittTI AL
T[MPt RATURL

af I-I Fuel cod coolant temperste e rise #1 to W1 E 200 to 766 t 1. 7 Hz 100 Hs 68 LOC-IIS Test LOC Ilsr

therswxouple. 0.14 e above top of 172 LOC I tt f ree - 10 to i s vertfled
ac tive f uel. 14 LOC-118 1 to 120 s 9estrained

H4 LOC-IIC Test LOC IIC
f rom - 10 to I s vertf ad

I to 10 s Restratagd
10 to 16 s Falled[hl 3,816 to 18 s Restretned
18 to 50 s Falled{h) IN50 to 120 $ Pestralned

AT-t-2 0 to 164) E 280 to 7t6 5 1. 7 M4 100 us 69 LOC 118 Test LOC Ils
173 LOC itC Free - 10 to I s vertf ted

-| J4 LOC-Ilt I to 120 s Restratned
14 LOC-IIC lest LOC IIC

e

Fron - Ift to 1 s vertfled b}I to 10 s Restrajned
10 to 16 s f ailedthl Id66 to 18 s Restrajagd
18 to 50 s FattedLh1
50 to 120 s testrained

*

aT-I 3 70 LOC 115 Test LOC 115
174 LOC-IIC From - 10 to 1 s Weref ted b8te LOC-116 I te 120 s Restrainad
Ja LOC 11C Test LOC-11C

f rom - IQ to I 1 Vertfled
1 to 9 s Restratae
9 to 16 s Failed!*J d16 to 120 s Restratned

71 t%116 Test LOC-ll84T- 1 4

f 10 to I 5 vertfled .edISJ
ifi 19C llc From - -

to loc-its t io iz0 s Rest- i

. 38
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TABLE VIII (continued)
.

!%'*i1 8''P0"5 t
"*"2'[g j

Data [s]
Data Acquisition Acquis t tlen

"' * 5 8.n=en t.,, _10Eation and fossents[,) .Jetec t or Sys t em Det ec tor _5p t ee fijur[,d measu_re engaments

af I-4 0 to 16431 289 to 7f4 a 1. F Hs 100 ha B4 LOC-11C Test LOC-IIC
(Continued) from - 10 to I s Vertf ted

I to 10 t testratate
10 to 16 s f ailed [tj III
16 to $3 s Restrajagd
$1 to 54 s f ailedin3 I9I$4 to 120 s testrained

fiA!!a! AL Chrouel-Alueel them<ouples.

1[vf RAf#I

T1 - 4-1 Outside shroud surface theraus- O tt 164 3 K 280 to 1530 t 17 nr 100 H F2 LOC-118

toweles. 0.61 e above feel 176 LOC-IIC
M4 LOC-Ilt
L4 LOC-11C Restratned 'I

stack bottom. I

TE 4-2 73 LOC-115
177 L0f-Ilt
24 LOC-IIB pj
R4 LOC ilC Res tra t ned

if 4-3 F4 LOC 118
178 LOC IIC
04 LOC-III frend data for LOC 118 U!te LOC IIC Restratned for tot-Ilt

Tf-4 4 1510C-110
119 LOC-11C
P4 (0C-118 Trend data for 100-116
04 IDC IIC Restrained for LOC IIC

|
f t-7 l Sstside shroud surface thereo- 7610C-11C

'

couples. fl.46 e above fuel stach ifl0 (OC-flC
85 LOC-IIS
P4 LOC-IIC Restratned 'lIbo t tom

77 LV II8
it F 2 181 LIA IIC

C5 LOC-Ilt
* B5 LOC-11C Pes trat ned

7810C-118T[- 7- 3 162 LOC-lit
DS LOC-IIB ICS LOC-IIC Restrained 'I

.
79 LOC-118TE- 7-4 183 LDL-IIC
El LOC-110
05 LOC.llt destraleed ,jg

11 12-1 Outside shrowd krf ace theeso. O to 1643 E 260 to 1530 t 1 ? Hz 100 Hz 80 LOC IIS
184 LOC-itC(ovple. 0.M e atreve feel staca
f 5 LOC 110let tom,
E5 LOC-IIC Res t rained

81 10r-115
? f - 12-2 1 A5 LOL lit

G5 LOC 115
f 5 LOC-IIC Aestralned '}

82 LOC-11Bf t.12 3 IBF LOC Ilt
M5100 115
G510C-11C Rest ra ta=4{g j

83 LOC-ilt
T E - 17-4 187 LOC-i tC

15 LOC-118
M5 LOC-Ilt Bes trained [g j

Pet 55UWL

f uel Rod

< el 4 1 f eel rod plenum preuere, kamn 0 to 24 wa 0 to 20.7 Na 2 3. 3 Hs 10 H

Eddy terrent type.

P[-4-2,

Pt-4-3
Ch anel failed

F(- 4-4

Test Train
a 10 Mr 84 LOC-lit

Pf -1 1100er free field pressure trans. 188 toc-Iltdecer. 0.41 e above top of fuel
IS LOC-115rod throwd outlet (frean). bIIS LOC-IIC Restrained

PE 2 Ifpper free field preuvre trans- 3.5 Mr Channel failed
ducer (Ef.W Idaho, Inc. ) 0.41 e
above top of fuel rod shcoed
out let .

39



TABLE VIII (continued)
, a

II'P'*52 #f.5Po'.5'![a]
Det.o

*Oata Acquisition Amtsition
T.t**T!*r.e. t_ LH.at tori ead Cyr*nt s Detec t or _5f} tem Det ec t or _5ys tem f tpre[,3 MeasuremenLComents

q

Test Train
b "'dMF'41

PI- 3 Overpressure free field pressure 0 to 70 *Fe O to 68. 9 Na 3 5 tMr to Mr 85 LOC-l +B
transduier (f G45 Idano lac. ) 5 Mr 189 LOC 11C
0.68 e above top of fuel rod s5 LOC-IIB Restratned for LOC-118
shroud outlet. J5 LOC-IIC vert f ted for LOC-IIC

PE-6 Lower free field pressure t ans- O to 24 Ne o to 17.2 fra 3.5 Hz 100 Mr 86 LOC-I s; From - 10 to 22 g Restrained -
ducer (EMG Idaho. Inc ) a 19 a 190 LOC-11C Lor.. t i g[ j ]
telow lower support ple'e. L5 LOC-118 22 to 120 s f ailed

k5 LOC-IIC Restrained data for LOC-IIC

PE-7 Lower free field pressure trevis- O to 24 PIPa 0 to 17.2 Na 11.7 hr 10 Hz Chanr:e1 fatled
duier (Kanen) C.19 m below lower
sarport piste.

In tet
b

M-4 Pressure trensdaer, flush mounted. O to 24 Na 0 to 70.1 Na 23.3 kHz 100 Hz Chane.el fatted
bonded strain gauge. 20 kHz

PL 9 Pressure transducer, mater-cooled $1 LOC IIB Verified
s tang-of f, bonded strain gauge. 191 LOC IIC

'95 LOC-118
L5 LOC-Ilf

B l ondown

!idl '

M-10 Pressure transher, flush 88 LOC IIB Verified for 10C 118
sounted lumded strein 9euJe. 192 LX-IIC Restrained for LOC-llc *

h5 LOC-118 for Test LOC-lit an accurate
M5 LDC-11C offset could not be deteretned

or appited because of petty data.

Pf-11 Pressure transdaer. .eter- 9 to 24 Na 0 to 20.7 ?Fe 23. 3 Mr 100 Hz 89 LOC-lia Veref ted LOC-Ils and itC
cooled stand-of f. bonded strain 20 kHz 193 LOC Ilt .

gauge, ccid ley. 05 LOC-118
45 LOC 11C

Pt 12 Prenure transdaer, f..sh mounted. 90 LOC 118 vertfied LOC-Il8 and 11C
t4saded strain gauge, not leg. 194 LOC IIC

P5 LOC-118
*

05 LOC-11C

PE-13 Pressure transdaer, flush mounted. 91 LOC-llB Vertfied LOC-IIB and 11C
water-cooled stand-of f, bonded 195 LOC-11C
strato gauge, hot leg. 86 LOC-IIB

F5 LOC-11C

IPt-5 Inter-spoel pressure difference 35 Hz 92 LOC-118 Restrained data for LOC-118
t ransdac er. 196 LOC IIC and IIC[l]

C6 LOC-lid
B6 LOC-11C

VOL LMETRIC

F LOW

Test heta

f E 1-1 tsper f uel rod shroud flow turbine 0.6 to S.8 0.8 to 9.95 Us 11.7 Hz 100 Mr 93 LOC-118 Verified for LOC II8
(b idirec tional). Rod 1, UA 191 LOC-11C Test LOC-11C

D6 LOC-119 - 10 to 60 s vertfied r
C6 LOC-11C 60 to 90 s Restrained g

l 99 to 120 s Vertfled
|

FE 12 Upper f.nel rod shroud flow turenne 94 LOC-ll8 ver ;fied for LOC-l.B

- 10 to 60 5 LOC-Ilc(Oldirec tional), e d 2. 198 LOC-llc
16 LJC-11B 60 to 85 s Restrainedqo

06 LOC it 85 to 120 s Verified

| f f-1 3 Lipper fuel rod shroud flow tuttitne 95 LOC-IIC vert fled for LOC-IIB
(bidirectional). Rod 3 l*9 LOC-11C Test LOC-11C

.

f 6 LOC-11B - 10 to 68 s Verif ted N
I (6 LOC-11C 68 to 80 s Restrained

80 to 85 s Verified
25 to 81 s Restreined[h] ,

87 to 120 s Vertf ted

% LOC-118 Verf fted for LOC-118it .1 -4 ticper fuel rod shroud flo. turtine
200 LOC-11C Test LOC 11Ctbidt ectional). Rod 4. G6 LOC 118 - 10 to 68 s Vertf ted

f 6 LOC-11C 68 to 80 s Restrained
80 to 85 s Verif ted g e
85 to 87 s Restrained'q
87 to 120 s vertf ted

97 LOC-Il8 Test LOC-Its
| ff-2-1 Lowee fuel rod shnied flow turbine 201 LOC-ilt f ro9 - 10 to 21 s Verf fledI (t tdf rectiome t ). Rod I.

H6 LOC-118 Test LOC-IIC
, f rom 19 to 16 s Vertf ted
i
' 16 to 36 5 Restrained

36 to 120 e verified {,)
27 to 42 s Restratned
42 to 120 s verif ted
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TABLE VIII (continued)
.

!meen(La*9 ave _f el- . _
Range (a j

~

Data (b)e
Data Acquisition Acquisition

}*Sof"*f t_ _ lot e_' inn . end le" Pent s(,) *
Detet tor _Jpf em__ Deyet t or_ _Sys t em f t24' ._ 'trasvrfwentjosswet t

Test Trate
b.?M?fjl

f t-2-2 Lower fuel rod sarows flow t rbine 0.8 to 0.95 t/s 17.5 Hs 100 Hs 98 LOC Ils Test LOC-118
(bidirec tional). God 2. 202 LOC-IIC f rom - 10 to 30 t Vertflyd

16 LOC-I!B 30 to 34 s FailedL*}
M6 LOC-1 C 34 tw 120 5 Vertfled

Ver1 fled for LOC.llt

FE 2-3 lower fuel and shroud fice terbine 0. 6 to 0. 8 99 LOC-ItB Test LOC 118
(hidtrett tonal). Awd 3. t/s 203 LOC IIC f rtan - 30 to 25 e Vertf ttd

J6 LOC-118 25 to 30 t Falleath}
16 LOC-IIC Test LOC-11C

30 to 120 s vertfled

31-2 4 Lower fwel rod shroud flow turbine 100 LOC-118 Test LOC-Ils
(bidirec tional). Rod 4 204 LOC-Itc From - 10 to 2$ s verified

E6 LOC-IIS 25 to 27 s f ailedlhl q
J6 LOC IIC 27 to 40 s pestrained

40 to 120 s vertfled
Test LOC IIC

f rom - 10 to 26 s Vertfled gj
26 to 36 s Restrained
36 to 120 s vert f ted

U3
FE-$ Turbine flommeter in talet spool. 21.3 kMr 101 LOC-Ils flestraleed for LOC-118 and liC

20$ LOC-IIC
L6 LOC-ll8
86 LOC-IIC

ff 6 Turbine t eoweeter in blowdown spool 102 LOC lit fest 100-135

Free - 10 to 60 s Vertf ted ]cold leg. 2% LOC-11C
60 to 120 s f ailed [eM6 LOC-Ils

L6 LOC-ilC fe st LOC-IIC
f rre 10 to 53 s Vertf tep*}51 to 120 s f atledt

Ff-9 furt6ne flouceter la blowdown spool I $3 LOC-IIB fest LOC Il8 gjw
het leg, 207 LOC-IIC Fros 10 to I s Failed g

46 L(C-Ill I to 120 s Vertf red
06 LOC-liC fest LOC-llc 9From - 10 to 0 5 s Fat ted0.5 to 120 s Vertfied ,)

* gjeg gTU t
F LO

I(. 7 Drag disc In blow *. sun spool (eld 104 LOC 118 fest LOC-11B
2fAl LOC-11C f rom - 10 to I s Fa11 edgyleg.
(16 LOC 118 1 to 120 s Vertf ted
N6 LOC-IIC Test LOC llc

f rom - 10 to 0.5 g Failed

0. 5 to 120 s Vert'ted

if-8 Drag disc in blow <k=n spool hot 10$ LOC 110 Test LOC-l'8 g
219 LOC-11C f roen - 10 to i s f ailed

t
leg.

P6 LOC- f l8 1 to 120 s Vert f ted
| 46 LOC-11C Test LOC-11C
i

- f rom - 10 to 0 4 $ f ailed
c.s to iza s Verified

DE ns!TF

196 LOC Ils verified data for LOC Ila| Dl fi- I -U bema densitoseter, wpper beam.
I Located ta cold leg blowoown spool 2 f 0 LOC. f ic and llc
I 87 LOC 118

P6 LOC-IIC
|

Cw.i f aoesmvi4 a deniita.eter, center bes..
Located to cold leg i,le down spool.

D( 5- 1 -L hwa dens t tosetet , lower beam. 107 LOC-118 Verified for LOC II8
LMated in told leg blowdown spool. CF LOC-116 Charnel f ailed for LOC-IIC

| Ot O 2-0 hea densitometer, upper beam, lue LOC-Ils Vert fled
211 LOC-11CLusted In het leg blowdown spool.
D7 LOC-i t8

, 87 LOC-IIC'

,

109 LOC-Il3 vertf ted data for LOC-11B
U( 4 2-C Gamma dens ttoceter. (enter beam. Fl2 LOC-ilr end flC

'

Lo(eted in hot leg of the blowdown
[7 LOC-118spool,

|
C7 LOC-11C

* Ot t- 2-L hauna densittsmeter. lower beam. 110 LOC-IIB Veritted data for LOC-118
| 273 LOC-13C and lleLocated in hot leg of the bloe*wn

F7 LOC-118spool,j 07 LOC-11C

Ill LOC l!$ Verified data for LOC-Ils
DE11-2 asC 4ea densitometer. Average of upper.-

214 LOC IIC and 11Ctenter and lower beamt G7 LOC-118
IF LOC 11C

,

l

41
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TABLE VIII (continued)
.

_

E{requency Response *Igg
"I' n.,a[b]
Data Acquisition Acqutst tien e

Measurcaent Location sad Cosrents(,) De tec tor %s tem pe_t ec tor At en_ ,,F.'2wre(,) Measurevet (onevnts

CL A0014G
C 2 $PL ACIPE NT

LVST-l Fuel rod asial length change trans- O e.12.7 sun 0 * 12.7 aun 35 wa 112 LOC-118 Trend optq for LOC-lit
former, mounted on rod bottom.

,

215 LOC-11C and IICL JI
Aod 1. M7 LDC-118

F7 LOC-11C

L vCf-2 Fuel rod antal lengte change trans- 113 LOC-118 Trend detq for 10C-118
forwr, mounted on rod bottom, 216 LOC-11C and 11CLlJ
Rod 2. IF LOC-IIS

87 LOC-IIC

L V2T- 3 Fuel +04 satal length change trans- 114 LOC-118 Trend dgte for LOC-IIS
lforwr. mounted on rod bottom. 217 LOC-IIC and llCL j

Rcd 3. J7 LOC-Il8
N7 LOC-IIC

LVDT 4 Fuel rod antal length change trans. 115 Lnt-118 Trend data for LOC-118
forser, munted on rod bottom, 218 LOC-11C and itCLIl
Rod 4. 17 LOC-118

17 LOC-IIC

#EACTOR
P0hER

PP5- 1 ton chamber located outstde 116 LOC-11B Vertf ted data f ar LOC-118
reactor core. t19 LOC-11C and 11C

L7 LOC 118
J7 LOC-11C

SP40
P(%fA

SP4D- 1 Self-powered neutron detector. I to 19 uA 1 to 10 uA 1.2 N2 100 Hz 117 Tread dgtt for LOC-118
l0.76 m above fuel stack bottom. 221 and ifCL i

M7
87

*
5Ph3-2 Self-powered neutron detector. 118 Trend dgp far LOC-118

0.65 m above fuel stack nuttaa. 221 and 11CL J
%7

L7

UI5P43- 3 Self-powered neutron detector. Ill Trend data for LOC-118
0.46 m above feel stact botton. 07 Channel Failed for LOC-ilC *

SPftD-4 self-powered neutron detector. 120 LOC-118 Trend ogtg for LOC-118
0.30 m above fuel stack bottom. 222 and 11CLlJ

F7
N7

SPMDd Self-powered neutron detector, 121 Trend dets for LOC-118i0.15 m above fuel stack botton 223 and IICL l
88
47

[a] 5tatements at the t.eginning of a measurement category regarding location and conenents, range and figures apply to all subsequent measure-
ments within the given category unless specified otherwise.

(b) The rod plenum *hernocouples are unshielded ano mill probably esperience same radiation effects.
{cl it is espected that the surface thermocouple will be reading lower than the actual cladding or sproud surface tasperature because of

fin cooling and mou ting ef fects.n
;

| [d] An entreme offset has been applied to produce reasonable data.
[e] The thersecouple (or RfD) has dried out and is readirg a com61 nation of steam tesperature and pipe mall radiation effects.
[f] Quench injection begins at 50 s and the thereoccuole may te reading superheated steam.
[9] The upper or lower junction of the differential therwouple may be reading superheated steam er pipe wall radiation effects rather than

fluid temperatu e.r

[h] A stenal conditioning auctif ter ha- naturated.
[t] T9e Kaman pressure transducer is subject to severe teaterature transient ef fetts t%et have not been quantified.

( [j] The tenperature sensitivity has not been reuuved from the data.

t [k] The data are estremely noisey.
[1] ho independent measurement is available for comparison.

| [a] The flow snould be zero at this point but the turbine is reading 1.9 t/s. THis corresponds to a pick-up frequency of 58 Hz so it is .

l belteved to be reading line noise.

| [* ] The turtrine appea*s to be triggering on line frequency (see [o]).
l [o] The spike at 0.5 s is real but may be clipped due to instrupent response.

[p] The data is drifting during this steady-state segment.
.
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i

of 12.5 points per second.The fast response pressure transducer data plots (-0.1 to 1.0 s and4

1.6 s) were recorded at 500 points per second. The parameter scales selected for the graphs
do not reflect the obtainable resolution of the data.,

Table Vill lists all measurements included in this data report and groups them
according to measurement type. The table identifies the specific measurement location, lists-

the detector range and frequency response, notes the PBF/DARS recording ranges and
bandwidth, provides brief comments reflecting the usability and verification of the data, and
references the measurement and comments to the corresponding figures.'

1 -

'
( The data graphs are presented according to the following groups:

,

Description Time Span Figures
t

: LOC-llB blowdown data -5 to 30 s 17-121 Hard copy
i

LOC-llc blowdown data -5-to 30 s 122-223 Hard copy

LOC-11B blowdown plus -5 to 120 s Cl-B8 Microfiche
quench phase data

,

LOC-llc blowdown plus -5 to 120 s Cl-N7 Microfiche'

' quench phase data

LOC-llB fast reponse -0.1 to 1.0 s C8-F8 Microfiche,

,

pressure transducer data'

LOC-llc fast response -0.1 to 1.0 s 07-88 Microfiche
* pressure transducer data

Time zero for all data plots is the time of reactor scram initiation (blowdown for each
test was initiated within one second following the reactor shutdown scram). Plots are
presented in both hard copy and microfiche as noted.

Appendix C is an analysis of selected data which provides a guide to an uncertainty
associated with data measurements in the PBF system.
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lig. 200 Volumetric flow rate in fuel Fod 4 upper shroud (FE-14). Test LOC-1IC.
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lig. 204 Volumetric flow rate in fuel Rod 4 lower shroud (l'E-2-4), Test LOC-1IC.
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Hg. 207 Volumetric tiow rste in hot leg blowdown spool (TE 9), Test LOC-11C.
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lig. 217 Cladding displacement of Rod 3 (LVDT-3), Test LOC-11C.
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Fig. 218 Cladding displacement of Rod 4 (LVDT-4), Test LOC-11C.
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Fig. 220 SPND power trend 0.76 m above fuel stack bottom (SPND-1), Test LOC-11C.

151

_ __ ._ . . _ _ . . _ _ __ _ . _ - _ . _ - - - . _ _ - _



1 iiiiii

SPND-2
_

.

e 0.8
>
m

-o
c
8 0.8
.,

L
0
>
{ 0.4

o
z
Q.
W O2

% %

0
-5 0 5 10 15 20 25 30

Time after scram (s)
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lig. 22? SPND power trend 0.30 m above fuelstack bottom (SPND4), Test LOC-1IC.
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APPENDIX A

.

TEST TRAIN HISTORY

.

The LOC-11 experiment test train was installed in the PBF-IPT on
November 11,1977. The following two month period consisted of final completion of the
new PBF-loop system LOCA modification and associated system operational checks.
Numerous hydrostatic tests to system operating pressure (15.2 MPa) were performed on the
new loop LOCA piping which included the IPT and experiment in some cases.

Nonnuclear system blowdown tests were also performed with the loop system and test
train operating at temperatures greater than 550 K.

The first nuclear blowdown performed on the system was Test LOC-II A which,
because ofimproper blowdown valve operation, was repeated as Tests LOC-11 B and i1C.

All thermal cycles performed on the LOC-11 test train are tabulated in Table A-l.
Table A-Il provides a complete listing of all nuclear operation experienced by the test train
as taken from the reactor power log. Blowdown events and other explanatory comments are
included.
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1

,

i

! TABLE'A-I
i

TEST TRAIN THERMAL CYCLES; ,

Temperature
'

Event Reached (K) Date'

! System operational checkout. 556 December 6, 1977
! Partial blowdown caused by-

piping failure.

System operational checkout. 585 December.7, 1977
,

i Terminated by satisfactory blow-
down sequence and quench..

System operational checkout. 592 December 14, 1977
Terminated by unplanned blowdown
valve cycling resulting in system
blowdown.,

Operating temperature for aborted 605 December 20, 1977
Test LOC-llA. Normal cooldown of
system with no blowdown.

Operating temperature for Test 600 January 4 through
LOC-11A. Terminated by blow- January 6,1978 .

down sequence and quench.

System operational checkout. 589 January 27, 1978 .

! Terminated by satisfactory blow-
| down sequence and quench.

| Operating temperature for Test 591 January 31 through
| LOC-llB. Terminated by blow- February 1, 1978

down sequence and quench.

Operating temperature for Test 598 February 15, 1978
LOC-llc. Terminated by blow-
down sequence and quench.
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TABLE A-II

REACTORPOWERLOG*3E
,

Reactor.

Power
Date Time Interval (MW) Comments

January 4,1978 5:40 - 6:05 0.1 Test LOC-llA start-up

6:35 - 7:05 2.0 Started power calibration
7:07 - 10:59 0 Shutdown

10:59 - 11:36 0.1 Test LOC-llA restart
11:47 - 11:52 1.0 Start of power calibration
11:57 - 12:03 2.0
12:11 - 12:19 4.0
12:27 - 12:55 6.0
12:59 - 13:35 6.8
13:41 - 13:48 5.0
13:53 - 14:00 3.0
14:13 - 14:26 0.1
14:26 - 20:30 0 End of power calibration
20:30 - 20:56 0.1
21:12 - 21:23 8.0 Start of preconditioning
21:32 - 22:11 12.9
22:20 - 22:57 16.9*

23:01 - 23:37 16.0
-

0:16 - 0:19 0.1
January 5,1978 0:19 - 0:33 0 Shutdown-

0:33 - 0:34 0.1 Restart
1:09 - 3:19 16.0 Preconditioning
3:55 - 15:17 0 Shutdown

15:17 - 15:19 0.1 Restart
15:25 - 15:42 2.0 Preconditioning
15:47 - 16:11 4.0
16:17 - 16:22 6.0
16:27 - 16:32 8.0
16:37 - 16:45 10.0
16:49 - 17:30 12.0
17:36 - 17:40 14.0
17:43 - 18:37 15.0
18:55 - 0 End of preconditioning

*

January 6, 1978 19:49 - 19:51 0.1 Restart
20:20 - 20:45 15.1 Start of decay heat
20:49 - 21:08 16.0 build up

January 7,1978 21:13 - 2:08 17.0-

2:08 - 0 Reactor scram for Test
LOC-llA blowdown
initiation

159
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TABLE A-II (continued)

Reactor -

Power
Date Time Interval (MW) Comments

.

January 31, 1978 10:45 - 10:50 0.1 Test LOC-llB start-np

11:01 - 11:13 2.0 Start of power calibration

11:19 - 11:28 4.0
11:33 - 11:39 6.0
11:45 - 11:58 8.0
12:14 - 12:31 0 Shutdown

| 12:31 - 13:02 [b] Preconditioning
13:02 - 13:30 0 Shutdown

13:47 - 13:58 10.0 Start of decay heat
buildup

14:03 - 14:17 12.0
14:19 - 14:40 14.0
14:42 - 17:36 13.5
17:38 - 20:25 14.2
20:26 - 1:46 14.9

February 1, 1978 1:46 - 0 Reactor scram for Test
LOC-118 blowdown initiation

'

February 13, 1978 13:45 - 14:00 0.1 Test LOC-llc start-up

14:27 - 15:39 8.3 Start of power calibration
15:54 - 16:00 4.0

-

16:07 - 16:11 6.0
16:17 - 16:20 8.0
16:27 - 16:33 10.0
16:38 - 16:42 12.0
16:47 - 16:52 14.0
16:57 - 17:06 16.0
17:10 - 17:28 18.0
17:35 - 0 Shutdown

| February 14, 1978 3:06 - 3:10 0.1 Restart
| 3:27 - 4:04 10.0 Start of preconditioning
! 4:14 - 4:53 0 Shutdown

4:53 - 4:54 0.1 Restart
5:07 - 6:24 10.0 Continuing preconditioning
6:27 - 7:26 14.0
7:28 - 12:22 0 Shutdown .

12:22 - 12:24 0.1 Restart
12:53 - 14:04 12.0 Start of decay heat

'

!
buildup

! 14:09 - 14:42 14.0
| 14:47 - 14:52 12.0
;

' 160
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TABLE A-II (continued)

.

Reactor
Power

Date Time Interval (MW) Comments.

14:55 - 15:01 10.0
15:13 - 15:17 16.0
15:21 - 15:41 18.0
15:46 - 16:40 20.0
16:47 - 17:06 21.0
17:10 - 17:38 23.0
17:40 - 22:49 23.5

February 15, 1978 22:56 - 0:25 25.1
0:25 - 0 Reactor scram for Test

LOC-llc blowdown initiation

[a] The time noted between successive time intervals is the time
required to change to the new power level at a constant ramp
rate.

[b] Reactor power continuously ramped up to 8.0 MW then immediately
ramped down to 0.

.
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APPENDIX B

.

POSTTEST DATA ADJUSTMENTS AND VERIFICATION
.

Measurement systems used at the PBF are affected by various systematic inputs
caused by pressure, temperature, neutron flux, gamma radiation, vibration, mechanical
strain, and data transmittal. Significant improvement in measurement accuracy can be
achieved by identifying and removing these secondary input errors following the test.

Data acquired at the PBF during the performance of TFBP testing are subjected to
appraisal by a data integrity review committee (DIRC) for quality and validity. The
appraisal process determines whether each individual measurement properly responded to its
physical stimulus and whether the measurement channel output represents the expected,
predicted, or required response. The data review and examination process ascertains that
verified calibration equations have been applied and that offsets and corrections have been
applied to remove any spurious secondary effects from the data. As a result of the review
and examination by the DIRC, each measurement is assigned one or more of the following'

verification classifications as a function of time.

1

(1) Verified engineering unit data (Verified):
q ,

These data must meet the following criteria:

(a) Calibration corrections applied'

; (b) Comparison with independent data with agreement during
the period ofinterest within specified uncertainty limits

(c) Verified to represent the variable being measured.

(2) Restrained Data:

Restrained da'ta are data that appear reasonable but cannot be
classified verified because they fail to meet either one of the
following criteria:

(a) They are not within uncertainty bands established by
,

reference measurements or derived from redundant-

i measurements when such are available; or

-

(b) Comparison against independent data for applying
required calibration corrections during particular time'

periods.

165
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(3) Trend Data:

These data have been verified to represent the relative changes in
,

the phenomenon but do not necessarily represent the absolute
level in the measured phenomenon. The data are suitable for
illustrative purposes. -

(4) Failed Data:

The data are irretrievable due to a failure in measurement
channel or in the data acquisition system.

The corrections and offsets applied to the data are based on pretest and posttest
calibrations of the data acquisition system, calibration coefficient checks,and independent
system comparisons. The majority of the Test LOC-11B corrections are based on testing
performed just prior to the LOC-11C test. The validity of applying these offsets is somewhat
suspect due to changes in the data system grounding and the length of time between tests.
In general, if the applied offsets resulted in reasonable data they were incorporated;if they
did not improve the data they were not applied.

The following sections outline the methods used to determine the offset correction
for various classes and types of instrumentation.

-

(1) Pressures

Three methods were used for determining offset corrections in
,

the pressure data:

(a) Comparison with a loop system dial gage (resolution to
within approximately i 0.05 MPa)

(b) Comparison of saturation curves

(c) Comparison with an independent data acquisition system.

| (2) Temperatures

The inlet spool resistance temperature detectors (RTD) elec-

| tronics were given an end-to-end calibration by inserting

| precision resistors in place of the RTD and reading the resistance
~

| off the DARS system. The offset was found to be multiplicative

!
and of a magnitude 0.9955 times the reading in ohms. This

|
offset is approximately 2.5 0.3 K over the range of coolant

*

| temperatures in the experiment. The inlet spool RTD was then
used as a reference to determine the temperature offsets in a

|

manner similar to that used for the pressures.
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(3) Drag Discs

The calibration coefficients used with the hot leg and cold leg*

drag discs were incorrect. The listed offsets and multiplication
factors correct the coefficients as well as take out any offsets.

,

The offsets were determined by assuming that the drag discs had
zero output at the end of the test (hot leg - 30 s after
blowdown; cold leg - 75 s after blowdown).

(4) Turbine Flowmeters

The cold leg turbine indicates 1.04 R/s as the preblowdown flow.
This value compares favorably with the predicted warm-up flow
rate. At the end of the blowdown, the turbine flowmeter
indicates 1.91 R/s where it should be indicating zero. This flow
rate, however, corresponds to a pick-up frequency of 58 Hz so it
is assumed that this is due to line frequency noise.This problem
may only exist when the turbine is not turning due to an
increased sensitivity of the electronics. The hot leg turbine was
corrected by assuming a reverse flow of 1.04 R/s during the
preblowdown times.

The resultant linear offset adjustments applied to Tests LOC-11B and LOC-11C data.

per the review committee approval are presented in Table B-1.

.

m

M

e
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TABLE B-I

0FFSET VALUES APPLIED TO TEST LOC-llB AND llc
.

Test LOC-11B Test LOC-11C
*

Measurement Offset Offset

Plenum Temperature (K)

Fuel Rod

TE- 3-1 -5. 7 -5.7
TE- 3-2 1.4 1.4
TE- 3-3 0.6 0.6

CladdingTemperature(K)

Fuel Rod

TE- 5-1 -10.6 -10.6
TE-5-2 0 8.7
TE- 5-3 0 -12.7
TE- 5-4 -15.9 -15.9'
TE-8-1 0 -3.4
TE-8-2 142.2 142.2
TE-8-3 0 -3.7 .

TE-8-4 0 -2.6
TE-10-1 0 0
TE-10-2 -4.8 -4.8 ,

_TE-10-3 0.9 0.9
TE-10-4 -5.7 -5.7
TE-22-1 0 -6.4
TE-22-2 -10.4 -10.4
TE-22-3 0 -3.8
TE-22-4 12.5 -12.5

Centerline Temperature (K)

Fuel Rod

TE-il-1 -8.7 -8.7
TE-ll-2 -2.9 -2.9
TE-ll-3 -3.7 -3.7
TE-ll-4 -4.7 -4.7

Fluid Temperature (K)

Test Train
'

TE-1 -7.4 -7.4
TE- 2-1 20.4 20.4
TE- 2-2 . -4.2 -4.2
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TABLE B-I (continued)

.

Test LOC-llB Test LOC-llc
Measurement Offset Offset

.

Test Train (continued)

TE-2-4 0 0
TE-6-1 -4.6 0
TE- 6-3 0 0
TE- 6-4 0 0
TE- 9-1 0 0
T E-9-2 0 0
TE- 9-3 0 0
TE-9-4 0 0

TE-13-1 -3.5 -3.5
TE-13-2 -9.4 -9.4

TE-13-4 -1.1 -1.1
TE-14-1 -18.3 -18.3

TE-14-3 -14.4 -14.4
TE-14-4 -3.6 -3.6
TE-15 -18.3 -18.3
TE-16 0 -10.1-

TE-17 -6.2 -6.2
TE-18 -1.8 -1.3
TE-19 -0.7 -0.7-

Inlet Spool

TE- 20 -2.5 -2.5
TE-21 -13.7 -13.7

Blowdown Spool

TE-23 -10.9 -10.9
TE-24 -18.1 -18.1
TE- 25 -4.3 0
TE- 26 -3.1 -3.1

Differential Temperature (K)

Test Train
.

AT-1-1 -0.17 -0.17
AT-1-2 -0.40 -0.40
AT-1-3 -0.09 -0.09.

AT-1-4 0.06 0.06

| Material Temperature (K)
!
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TABLE B-I (continued)

Test LOC-llB Test LOC-llc -

Measurement Offset Offset
'

Rod Shrouds

TE- 4- 1 0 -9.5
TE- 4-2 -17.4 -17.4
TE-4-3 0 -44.5
TE-4-4 0 -35.1

T E- 7-1 -20.1 -20.1
TE-7-2 -11.9 -11.9
TE- 7-3 0 -4.2
TE-7-4 -16.2 -16.2

TE-12-1 0 -60.1
T E- 12-2 0 -33.6
TE-12-3 -13.0 -13.0
TE-12-4 -8.9 -8.9

Absolute Pressure (MPa)

Test Train
'

PE-1 -0.30 -0.30

PE-3 -0.95 -0.95
"

PE-6 -0.17 -0.54

Inlet Spool

PE-9 0.76 0.76

Blowdown Spool

PE-10 -0.03 0[a]
PE-ll 1.29 1.29
PE-12 7.18 1.71
PE-13 1.26 1.26
APE-5 0 0

Volumetric Flow (t/s)

Test Train -

FE-1-1 0 0
FE-1-2 0 0 ,

FE-1-3 0 0
FE-1-4 0 0
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TABLE B-I (continued)

'

Test LOC-11B Test LOC-11C
Measurement Offset Offset

.

Test Train (continued)

FE-2-1 0 0
FE-2-2 0 0
FE-2-3 0 0
FE- 2-4 0 0

Inlet Spool

FE-5 0 0

Blowdown Spool

FE- 6 0 0
FE-9 -3.37 -3.37

2Momentum Flux (kg/m s )

Blowdown Spool

FE- 7 (Reading + 151 600) (Reading + 154 000)-

x (0.0781) x (0.0781)

FE-8 (Reading + 160 960) (Readina + 160 960)-

x (0.1517) x (0.1517)

Cladding Displacement (mm)

LVDT-1 0 0
LVDT-2 0 0
LVDT-3 0 0
LVDT-4 0 0

SPND Power Trend (V)

SPND-1 0 0
SPND-2 0 0
SPND-3 0 0
SPND-4 0 0
SPND-5 0 0

,

[a] For Test LOC-11C an accurate offset could not be determined or
applied because of noisy data..

I
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APPENDIX C

m

UNCERTAINTY ANALYSIS

.

The uncertainty analysis presented in this appendix has been divided into three areas
of consideration. The results of each area of analysis are determinations of the standard
deviation (a) expected in each measurement system. The salues listed in the following tables
correspond to 1.96 o which represents a 95% confidence level. An overall 95% confidence
deviation can be determined by calculating the root mean of the sum of the three individual

deviations.4

*

The areas of consideration are:

i (1) Conversion to engineering unit uncertainties
!

In the calibration and development of computer conversion

! polynomials for each measurement device a value for the
i standard deviation -of that measurement was determined.

Table C-1 lists these 2-o deviations assigned to each measurement

i device.

. -

(2) Ilias uncertainties due to offset applications

All data in this report were subjected to a thorough review to*

.! ensure accuracy or note discrepancies. Instrument channel
-

outputs were compared with corresponding parameter channels,
test predictions, calculated quantities, and preblowdown initial
conditions to provide the basis for adjustments or offsets that
were applied to the data. The bias uncertainty is the expected
error in the offsets that was applied to the data. These 2-o

;

deviations assigned to each measurement device are listed in
Table C-l.

(3) Random uncertainties
>

Additional analyses have been performed on selected represen-
.

tative Test LOC-IIC data to provide a guide to uncertainties
obtained from analysis of the data itself. To determine this

~

random uncertainty the data traces under analysis were empir-
i

i ically litted ivith a linear difference equation, which was subject
to a white noise input at each sampling time point. The object of

a

the empirical fitting procedure was to characterize the white
noise, which was taken to represent the random uncertainty.The
procedures for fitting the difference equation are discussed in

175
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depth in Reference C-l. A data trace was often segmented and
different equations were fitted to each segment with statistical
correlations between successive observations accounted for by ,

the fitting procedure.The white noise input was assumed to arise
from a normally distributed population. The standard deviation

*

of the white noise, as found during the fitting procedures, was
taken as an estimate of the random uncertainty standard
deviation and is shown in Table C-I. It should be noted that if

'

any filtering process is applied to the original data, then the
random uncertainty obtained from the original data would no
longer precisely apply.

Of importance to note is the fact that this analysis assumes a homogeneous coolant. A
significant additional measurement uncertainty results when the transducer systems are
subjected to two-phase flow regimes and total steam environments during the course of the ,

blowdown transient. Other uncertainties are also introduced by the physical presence of the

measurement device itselfin the measured medium. These uncertainties were considered and
documented in the data verifying procedure discussed in Appendix B.

Certain systematic errors in these data were known to exist but could not be ,

satisfactorily resolved. In addition, it was observed that the method used to estimate the ,,

random component of the uncertainty tended to reflect the total noise content of the data
that arises from sample repeatability, electrical noise, the event being measured, and .

* ~

extraneous phenomena occurring during the test. It would be difficult to rigorously
characterize the separate random components of the measurement, although it may be
possible to filter one or more of these components from the noise which was used to .

determine the random uncertainty.

A more detailed and comprehensive uncertainty analysis of the PBF measurement
systems is currently in progress. The results of this analysis are expected to be invaluable for
determining engineering confidence limits on future data published by the Thermal Fuels
Behavior Program.

;

/
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, TABLE C-I .

,
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s

GENERAL MEASUREMENT UNCERTAINTIES FOR TESTS LOC-l'B AND llc

The values' listed apply to both Tests LOC-llB and llc measurements unless otherwise noted. s '

\
-

,
_

/

Engineering Unit Offset Application ,
Random I

' ' ' *

Measurement Conversion (2o) Bias (2a) Uncertair.ty (2o)[a]_ _ _ ,
,

> '

r 1,

PLENUM TEMPERATURE (K) ,

Fuel Rod 1

4

+ 3, -13 (+3, -18)[b] TE-3-3TE-3-1 + 1.5
TE"3-2 T'1.5 +3 + 3.3 (-5 to O s)
TE-3-3 5 l '. 5 ][ 3 }3.4(0to30s)'

b CLADDING TEMPERATURE (K)

Fuel Rod

TE-5-1 + 1.5 t3 TE-5-3

TE-5-2 + 1.5 +3 + 5.6 (0 to 1.62 s)
TE-5-3 + 1.5 +3 + 11.3 (1.62 to 5.1 s)
TE-5-4 T 1.5 73 T 8.1 (5.1 to 30 s)
TE-8-1 + 1.5 +3 TE-8-3

TE-8-2 7 1.5 73 + 4.4 (0 to 1.7 s)
TE-8-3 T 1. 5 73 7 8.4 (1.7 to 5.6 s)
TE-8-4 ][ 1. 5 }[3 T 3.5 (5.6 to 30 s)
TE-10-1 + 1.5 +3 , TE-10-3

TE-10-2 T 1. 5 73 + 4.7 (0 to 1.6 s)
TE-10-3 T 1. 5 T3 T 7.9 (1.6 to 5.5 s)
TE-10-4 T 1.5 I3 7 3.1 (5.5 to 30 s)
TE-22-1 T 1.5 T 3 (+0, -1100)[b] -- TE-22-3
TE-22-2 ][ 1.5 ][3 + 2.3 (-5 to O s)

_ _ _ _ _ _ _ - _ ._ _
_ -
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TABLE C-I (continued)

Engineering Unit Offset Application Random
Measurement Conversion (2c) Bias (2a) Uncertainty (2o)[a]

,

Fuel Rod (continued)

TE-22-3 + 1.5 +3 + 7.1 (0 to 3.8 s)
TE-22-4 [1.5 [3 [6.9(3.8to15.6s)

1 2.6 (15.6 to 30 s)

CENTERLINE TEMPERATURE (K)

Fuel Rod

TE-ll-1 + 8.0 + 20 TE-ll-3

d TE-ll-3 7 8.0 7 20
-+ 4.6 (0 to 30 s)TE-ll-2 + 8.0 + 20-

TE-11-4 [8.0 [ 20

FLUID TEMPERATURE (K)

Test Train

TE-1 1 1.5 1 3 (+22, -3)[b] TE-1

TE-2-1 + 1.5 +3
-+ 3.0 (0 to 30 s)

TE-2-2
TE-2-2 T 1. 5 73 + 3.3 (0 to 7 s)
TE-2-4 -T 1. 5 T3 T 4.4 (7 to 8.4 s)

-

13.3(8.4to30s)
TE-6-1 + 1.5 +3
TE-6-3 T 1. 5 T3
TE-6-4 T 1. 5 73
TE-9-1 + 1.5 +3
TE-9-2 i 1.5 +3

,

-. . . . .
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TABLE C-I (continued)

Engineering Unit Offset Application Random

Measurement Conversion (2a) Bias (Zo) Uncertainty (2o)[a]

Test Train (continued)

TE-9-3 + 1. 5 +3
TE-9-4 T 1. 5 T3
TE-13-1 T 1.5 T3 TE-13-2

TE-13-2 T 1. 5 T3 + 2.5 (0 to 13.8 s)
TE-13-4 ~T 1. 5 T3 T 2.2 (13.8 to 19.9 s)

~ {2.0(19.9to30s)
T E- 14-1 + 1. 5 +3 TE-14-3

TE-14-3 T 1. 5 T3 + 3.7 (0 to 14.6 s)
TE-14-4 T 1. 5 T3 T 4.0 (14.6 to 17.9 s)

~~ ~ T 3.5 (17.9 to 30 s)~-

+3d TE-15 + 1.5
TE-16 11.5 + 3 (+30, -0)[b]~

TE-17 + 1.5 +3
TE-18 I 1. 5 T3
TE-19 [ 1. 5 [3

Inlet Spool

TE-20 + 0.3 +3
TE-21 [ 1. 5 [3

Blowdown Spool

TE- 23 -+ 0.3 -+3 TE-23
+ 1.2 (0 to 30 s)

TE-24 -+ 1. 5 ~+3 TE-24
+ 1.4 (0 to 15.2 s)
i1.5(15.2to30s)
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TABLE C-I (continued)

Engineering Unit Offset Application Random
Measurement Conversion (20) Bias (2a) Uncertainty (2a)[a]

Blowdown Spool (continued)

TE-25 + 1. 5 +3
TE-26 -I 0.3 T3 TE-26

-

i 1.1 (0 to 30 s)
DIFFERENTIAL TEMPERATURE (K)

Test Train

AT-1-1 + 0.47 0 AT-1-3
AT-1-2 T 0.47 0 + 0.15 (0 to 7 s)-

$ AT-1-3 T 0.41 0 T 0.22 (7 to 9.1 s)
AT-1-4 10.44 0 10.18(9.1to15.7s)

1 0.19 (15.7 to 30 s)

MATERIAL TEMPERATURE (K)

Rod Shrouds

TE-4-1 + 1.5 +3
TE-4-2 T 1. 5 T3
TE-4-3 [ 1. 5 13(0,-150)[b]
TE-4-4 + 1. 5 +3
TE- 7-1 T 1. 5 73
TE-7-2 T 1. 5 T3
TE- 7-3

~ 13(+15,0)[b]11.5
T E- 7-4 + 1.5 +3
TE-12-1 1 1.5 1 3 (+20, -0)[b]

-.. . . .
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TABLE C-I (continued)

Engineering Unit Offset Application Random

Measurement Conversion (2a) Bias (2a) Uncertainty (2a)E,3

Rod Shrouds (continued)

TE 12-2 + 1. 5 +3
TE-l?-3 + 1.5 +3

T_3TE-12-4 11.5

ABSOLUTE PRESSURE (MPa)

Test Train
+ 3, -1.5 (+3, -1)[b]

PE-1 1 0.14
;;;; PE-3 1 0.6

PE-6 -+ 0.7 PE-6--

-+ 0.02 (-5 to 0 s)
1 0.09 (0 to 30 s)

Inlet Spool

P E- 9 1 0.04 1 0.6

Blowdown Spool

PE-10 1 0.08 1 3.5, 0 (1 0.6)ED3
PE-ll + 0.03 + 0.6
PE-12 + 0.05 + 0.6
PE-13 T 0.06 ~T 0.6 PE-13

- + 0.01 (-5 to 0 s)
_ 1.52 (0 to 0.7 s)T
1 0.09 (0.7 to 30 s)

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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TABLE C-I (continued)

Engineering Unit Offset Application Random
Measurement Conversion (2o) Bias (2o) Uncertainty (2a)[a3

Blowdown Spool (continued)

P E- 5 1 0.0004 0

VOLUMETRIC FLOW (1/s)

Test Train

FE-1-1 Forward + 0.0005 0 FE-1-3
Reverse T 0.0005 + 0.0146 (-5 to 0 s)

FE-1-2 Forward T 0.0008 0 T 0.5480 (0 to 1.6 s)
Reverse T 0.0011 T 0.0857 (1.6 to 5.1 s)-

r$ FE-1-3 Forward [0.0015 0 (+0.6, 0)[b] 0.1438 (5.1 to 8.0 s)
Reverse 1 0.0014 1 0.0437 (8.0 to 12.2 s)

FE-1-4 Forward + 0.0004 0 + 0.0325 (12.2 to 30 s)
Reverse + 0.0005

FE- 2-1 Forward I 0.0004 0 FE-2-3
Reverse T 0.0015 + 0.0934 (-5 to 0 s)

FE-2-2 Forward T 0.0006 0 T 0.4011 (0 to 2.2 s)
Reverse T 0.0005 7 0.0613 (2.2 to 5.5 s)

FE-2-3 Forward T 0.0003 0 T 0.1274 (5.5 to 8.0 s)
Reverse T 0.0003 T 0.0524 (8.0 to 29.3 s)

FE-2-4 Forward 10.0009 0 [0.2221(29.3to30s)
Reverse 1 0.0004

Inlet Spool

FE-5 1 0.047 0

. -. . < .
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TABLE C-I (continued)

Engineering Unit Offset Application Random

I Measurement Conversion (2aj_ Bias (2c) Uncertainty (2o)[a]

Blowdown Spool

FE-6 1 0.070 0

FE-9 1 0.028 0 FE-9
+ 25.3 (0 to 1 s)
10.9(1to30s)

2'

MOMENTUM FLUX (kg/m s )

Blowdown Spool

0 (0, -400)ED3; FE-7
w FE-8

+ 59 (-5 to O s)
T 11500 (0 to 0.7 s)
T 1650 (0.7 to 8.9 s)4

{119(8.9to30s)
DENSITY (kg/m )

Blowdown Spool

h5DEN-1-0
DEN-1-L
DEN-2-U T5 DEN-2-U

-

+ 104.6 (-5 to 0 s)
T 58. (0 to 30 s)

DEN-2-C -+5 - DEN-2-C
+ 39.3 (-5 to 0 s)
[35.0(0to30s)
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TABLE C-I (continued)

Engineering Unit Offset Application Random
Measurement Conversion (2a) Bias (2a) Uncertainty (2a)E,3

DEN-2-L +5 DEN-2-L
_

+ 50.1 (-5 to 0 s)
[48.7(0to30s)

DEN-2-AVE +5 DEN-2-AVE
+ 38.6 (-5 to O s)
[28.7(0to30s)

FUEL R0D DISPLACEMENT (mm)

LVDT-1 + 1. 0 0

LVDT- 2 + 0.9 0
g LVDT-3 10.9 0
* LVDT-4 + 0.9 0

R0D POWER (V)

SPND-1 0

SPND-2 0
SPND-3 0

SPND-4 0 SPND-4

0.0082 (0.1 to 30 s)
SPND- 5 0

[a] Analysis performed on selected Test LOC-11C d:ta only and segmented according to parenthesis time
spans.

[b] Offset bias in parenthesis applies to Test LOC-11B only.

- -
- - - .
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