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ABSTRACT

Recorded test data are presented for Tests LLR-SO, LLR-3, LLR-4, LLR-4A, and LLR-5 of the Thermal
Fuels Behavior Program PBF/ LOFT Lead Rod (LLR) Test Series. This test series, conducted in the Power
Burst Facility, was designed to provide a parametric evaluation of the expected mechanical response of the
LOFT fuel rods to a loss of coolant event. The data, presented in the form of graphs in engineering units,
have been analyzed only to the extent necessary to ensure they are reasonable and consistent. These
uninterpreted data from the LLR tests are presented in advance of detailed analysis and interpretation.

.

1405 004 .

.

0

6

ik



SUMMARY

The Loss-of-Fluid Test (LOFT) Lead Rod (LLR) Test Series was conducted in the Power Burst Facility
(PBF) as part of the Thermal Fuels Behavior Program which is conducted by EG&G Idaho, Inc., for the
U.S. Nuclear Regulatory Commission (NRC). The PBF/ LOFT lead rod tests were performed to provide a

,

parametric evaluation of the expected mechanical response of the LOFT fuel rods to loss-of-coolant over a
wide range of initial power levels. The LOFT facility is the major NRC sponsored testing facility which
simulates the response of a light water reactor over a wide range of loss-of-coolant accident (LOCA) condi-
tions. The LOFT facility is to be used for sequential loss-of-coolant experiments, provided extensive fuel
rod failures do not ocer.*

The PBF/ LOFT Lead Rod Test Series comprised five tests, Tests LLR-SO, -3, -4, -4A, and -5. These
tests were designed to simulate the test conditions for the planned LOFT loss-of-coolant experiments.
However, Test LLR-S0 was a preliminary systems checkout test and did not correspond to a particular
planned LOFT test.

The PBF/ LOFT lead rod tests had the following objectives: (a) to experimentally evaluate the extent of
cladd.ng collapse and waisting that would be expected to occur during the LOFT loss-of-coolant accident
transients; (b) to evaluate the effects of collapsed cladding and pellet-cladding interaction on the
mec'ianical response of the fuel rods subjected to subsequent power increases, long-term preconditioning,
and loss-of-coolant conditions; and (c) to provide experimental data to bench mark the Fuel Rod Analysis
Program (FRAP) analytical model that will be used for requalification of the LOFT core.

.

The PBF was designed to provide the neutron and coolant environment required to simulate conditions
in a light-water reactor during postulated accident events. Ti e test facility components for the LLR testsl
include:

4 (1) A reactor vessel and driver core region to provide the neutron envirenment

(2) An in-pile tube in the center of the driver core to contain the test rods

(3) A pressurized water flow loop to provide the coolant environment in the in-pile tube

(4) A blowdown system to simulate a loss-of-coolant accident

(5) A reflood and ouench system to provide cooling and long-term quenching of the fuel after
a test is completed.

Each LLR test utilized four symmetrically positioned and separately shrouded LOFT design, PWR-type
fuel rods. A total of seven fuel rods were tested during the five LLR tests. Each fuel rod consisted of a
0.914 m-long fuel stack of unirradiated,93% theoretical density,9.5 wt% UO2 uel, and was backfilledf
with helium at atmospheric pressure.

The test procedure for each test included: (a) a nonnuclear heatup to establish initial test coolant condi-
* tions; (b) a period of nuclear operation to accomplish fuel preconditioning, power calibration, and decay

heat buildup; and (c) a blowdown transient with subsequent test fuel reflood and quench. The rods were
subjected to a blowdown similar to one expected in LOFT during a 200% double-ended cold leg break.

Maximum test fuel rod cladding temperatures attained during the blowdown transient of each test were.

as follows:
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Temperature (K)

Test Rod: 312-1 312-2 312-3 312-4 345-1 399-2

Test LLR-S0 650 615 675 640
Test LLR-3 950 925 1005 870

*Test LLR-4 1130 1170 1060

Test LLR-4A i150 1075 1260

Test LLR-5 995 1015 1005

Test Rod 345-2, used in i; LLR-4, LLR-4A, and LLR-5, was not instrumented with cladding .

thermocouples.

The system instrumentation was designed to measure and record the important events that occurred
prior to and during the test blowdowns. Each test rod and its shroud cooling environment were fully
instrumented. The blowdown piping coolant variables were further characterized through use of
instrumented spool pieces which provided temperature, pressure, velocity, and density information during
the blowdown transients.

The data obtained from this test have been subjected to a thorough review and subsequently categorized
as qualified, restrained, trend, or failed data. The blowdown data of each test are presented in the main
body of this report and the power calibration and preconditioning data are included on the microfiche
attached to the back cover.

.
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99. Volumetric flow rate in Fuel Rod 312-3 lower shroud
... . ... . .. . . .... .. .. . 89(TURB1123 L0090N03), from -S to 35 s
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.
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91(TURB3124 LO270N04), from -5 to 35 s*

. ... . .... . ... .. ..... .. .

103. Volumetric flow rate in test train controlled bypass
92(TURBINEh! CONTBYTT), from -50 to 300 s . . .... .. . ... . .. . ... .
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. . . . 97(GAMMAFLX .228 TT), from -5 to 35 s

* 114. Fluid temperature in initial condition spool
(ICSSTEMP TE20 SPIC), from -50 to 300 s . 97. . . . .. .. .. ..

115. Fluid temperature in cold leg blowdown spool
98(CLSSTEMP TE22SPCL), from -50 to 300 s . . . ... . .. ..... .*

116. Fluid temperature in hot leg blowdewn spool
98(HLSSTEMP TE23SPHL), from -50 to 300 s . . . . . .... . ... ...

.

.
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I17. Fluid temperature in cold leg blowdown spool
99(CLTCTEMP TE24SPCL), from -50 to 300 s .. .. . . . .. . . . .

118. Fluid temperature in hot leg blowdown spool
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119. Absolute pressure in cold leg blowdown spool
(CLPRESSF PE10SPCL), from -50 to 300 s 100. .. ..... . .

120. Absolute pressure in hot leg blowdown spool
(IILPRESSF PE12SPIIL), from -50 to 300 s . . 100 *

.. . .. . .

121. Absolute pressure in initial condition spool
(ICPRESSW PE09 SPIC), from -50 to 300 s 101.. . . . . . .. . . ..

122. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEllSPCL), from -50 to 300 s 102.. . ...... .. .

123. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEIISPCL), from -5 to 35 s . 102. .... .. .. .. . ..

124. Absolute pressure in hot leg blowdown spool
(IILPRESSW PE13FP11L), from -50 to 300 s 103. . . .. .

.

125. Differential pressure between blowdown spools
(DELPCLHL DPE-0511L), from -50 to 300 s 104. . .. ..

126. Differential pressure between blowdown spools
,

*(DELPCLill DPE-0511L), from -S to 35 s . 104. . . .. . . .. . . .

127. Volumetiic flow rate m initial condition rpool
(ICSVFLOW FEO5 SPIC), from -50 to 300 s 105.

128. Volumetric flow rate in cold leg blowdown spool
(CLSVFLOW FE06SPCL), from -50 to 300 s 105. .

129. Volumetric Dow rate in cold leg blowdown spool
(CLSVFLOW FE06SPCL), from -5 to 35 s . 106..

130. Volumetric flow rate in hot leg blowdown spool
(IILSVFLOW FE09SPIIL), from -50 to 300 s 106

131. Volumetric flow rate in renood line No.1
(REFLDSYS FLO 01PT), from -50 to 300 s 107. . . . . . .. ....

*132. Volumetric Dow rate in reflood line No. 2
(R EFLDSYS FLO 02PT), from -50 to 300 s . . 107.. . . . . .

133. Reactor power from Core Ionization Chamber PPS-1
(REACTPOW PPS-OlPT), from -S to 35 s 108 .. . . . . . . . .

134. Reac:or power from Core Ionization Chamber PPS-2
(REACTP 7W PPS-02PT), from -S to 35 s 108.. .. . .. . . .

*
r
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TEST LLR-3

135. Fuel tc.nperature in Rod 312-1,0.08 m above the fuel pack midplane
(TFCL3Cl + .08TC01), from -50 to 300 s 109. ........ . . ..... ........ . ..

136. Fuel tw.perature in Rod 312-1,0.08 m above the fuel stack midplane
(TFCL3121 + .08TC01), from -S to 35 s 109*

...... . .............. . .. .

137. Fuel temperature in Rod 312-2, at fuel stack midplane
(TFCL3122 + 00TC02), from -50 to 300 s 110...... . . .. . .. . ....... .

.

138. Fuel temperature in Rod 312-2, at fuel stack midplane
~

(TFCL3122 + .00TC02), from -S to 35 s 110.. .... ................ .. ... ...

139. Plenum temperature in Fuel Rod 312-1,
(PLNh1TEh1P 312-IR01), from -50 to 300 s ........111.. ... .... . .. . ..

140. Plenum temperature in Fuel Rod 312-2,
(PLNh1TEh1P 312-2R02), from -50 to 300 s . 111.. ...... . .. .

141. Plenum temperature in Fuel Rod 312-3,
(PLNMTEMP 312-3R03), from -50 to 300 s 112... .... .... .. . . . ... . .

142. Plenum temperature in Fuel Rod 312-4,
*

(PLNh1TEh1P 312-4R04), from -50 to 300 s ...... . . . . . . ... .. .. 112

143. Cl. Jiing temperature, Rod 312-1, at 180 degrees and 0.08 m above fuel stack midplane
(Clad 3121 + 0818001), from -50 to 300 s .. ........ 113. . . . . .. ...

>

144. Cladding temperature, Rod 312-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0818001), from -5 :o 35 s . ... . ... 113... .. ....... ...

145. Cladding temperature, Rod 312-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0800001), from -50 to 300 s 114. ... ........... .. ......

146. Cladding temperature, Rod 312-1, at 0 degrees and 0.08 m above fuel stack midplan :
(CLAD 3121 + 0800001), from -S to 35 s 114... ..... . . ... . .... . ....

147. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0818002), from -50 to 300 s 115.. . .. .. . . . ... .. ... .

148. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0818002), from -S to 35 s ... . .. . .... . . ... . 115

149. Cladding tanperature, Rod 312-2, at 0 degrees and fuel stack midplane
(CLAD 3122 + 0000002), from -50 to 300 s 116*

.. .. .. .. . . ... .. . .

150. Cladding temperature, Ro<1312-2, at 0 degrees and fuel stack midplane
(CLAD 3122 + 0000002), from -5 to 35 s 116... . . . .. . .. . . ... . . .

.

151. Cladding temperature, Rod 312-3, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3123 + 0818003), from -50 to 300 s 117.. . .. . . . . .. . ...... .

152. Cladding temperature, Rod 312-3, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3123 + 0818003), from -S to 35 s 117...... ..... ...... ... . .........
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153. Cladding temperature, Red 3'2-3, at 0 degrees and 0.08 m above fuel stack midplane
(CL AD3123 + 0800003), fron,-50 to 300 s 118... . . . . .

154. Cladding temperature, Rod 312-3, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3123 + 0800003), from -S to 35 s . . . 118

*

155. Cladding temperature, Rod 312-4, at 180 degrees and 0.08 m above fuel stau. midplane
(CLAD 3124 + 0818004), from -50 to 300 s 119. .. . .

156. Cladding temperature, Rod 312-4, at 180 degrees and 0.08 m above fuel stack midplane
, (CLAD 3124 + 0818004), t' rom -5 to 35 s I19 -

. . . . . .. ..

157. Cladding temperature, Rod 312-4, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3124 + 0800004), from -50 to 300 s . . .. ...... . ... . . . 120

158. Cladding temperature, Rod 312-4, at 0 degrees and C.08 m above fuel stack midplane
(CLAD 3124 + 0800004), from -S to 35 s 120.. . . . .. ............. .

159. Cladding elont,ation of Fuel Rod 312-1
(LVDT ROD 312-101), from -50 to 300 s . . 121. . . . ....

160. Cladding elongation of Fuel Rod 312-1
(LVDT ROD 312-101), from -5 to 35 s 121. . . . . . .

.

161. Cladding elongation of Fuel Rod 312-2
(LVDT ROD 312-2 02), from -50 to 300 s . 122.

162. Cbdding elongation of Fuel Rod 312-2
*(1.VDT RCD 312-2 02), from -5 to 35 s 122. . .

163. Cladding elongation of Fuel Rod 312-3
(LVDT ROD 312-3 03), from -50 to 300 s . . . 123

164. Cladding elongation of Fuel Roo 312-3
(LVDT ROD 312-3 03), from -5 to 35 s . 123.. . . . .

165. Cladding elongation of Fuel Rod 312-4
(LVDT ROD 312-4 04), from -50 to 300 s 124. .

166. Cladding elongation of Fuel Rod 312-4
(LVDT ROD 312-4 04), from -5 to 35 s . . . . . . .. 124

167. Fluid temperature of Fuel Rod 312-1 coolant inlet
(INLTTEN1P 312-1R01), from -50 to 300 s 125. . . .. . . .

168. Fluid temperature of Fuel Rod 312-2 coolant inlet *

(INLTTEN1P 312-2R02), from -50 to 300 s 125. . . .. .. . .

169. Fluid temperature of Fuel Rod 312-3 coolant inlet
(INLTTEN1P 312-3R03), from -50 to 300 s 126.... . .

170. Fluid temperature of Fuel Rod 312-4 coolant inlet
(INLTTENIP 312-4R04), from -50 to 300 s 126.. ..

.
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171. Fluid temperature of Fuel Rod 312-1 coolant outlet
(OUT TEMP 312-IR01), from -50 to 300 s 127........... . . .... . . .....

172. Fluid temperature of Fuel Rod 312-2 coolant outlet
(OUT TEMP 312-2R02), from -50 to 300 s 127........ . . . . ... ... . .... ..

173. Fluid temperature of Fuel Rod 312-3 coolant outlet*

(OUT TEMP 312-3R03), from -50 to 300 s 128.... ..... . . ....... .. .. ..

174. Fluid temperature of Fuel Rod 312-4 coolant outlet
128(OUT TEMP 312-4R04), from -50 to 300 s . . .. . . . .. . ... . .,

175. Fluid temperature of Fuel R.-d 312-1, at fuel stack midplane
129(MIDT3121 + .000R01), from -50 to 300 s .. .. . ... . .. .. . .. ..

176. Fluid temperature of Fuel Rod 312-1, at fuel stack midplane
129(MIDT3121 + .000R01), from -S to 35 s . .. . .. .. ... .. . ... .. .

177. Fluid temperature of Fuel Rod 312-1,0.152 m below fuel stack midplane
130(MIDT3121 .152R01), from -50 to 300 s ...... . .. . . . . . ... . ....

178. Fluid temperature of Fuel Rod 312-1,0.152 m above fuel stack midplane
130(MIDT3121 + .152R01), from -50 to 300 s . ....... . .. ..... ...... .

'

179. Fluid temperature of Fuel Rod 312-3, at fuel stack midplane
131(MIDT3123 + .000R03), from -50 to 300 s .. .... .. . . ... . . . ....

180. Fluid temperature of Fuel Rod 312-3, at fuel stack midplane
(MIDT3123 + .000R03), from -S to 35 s .. . . . .. 131* . . . .. .

181. Fluid temperature of Fuel Rod 312-3,0.152 m below fuel stack midplane
132(MIDT3123 .152R03), from -50 to 300 s . . . . ... . . . . ... .

182 Fluid temperature of Fuel Rod 312-3,0.152 m above fuel stack midplane
132(MIDT3123 + .152R03), from -50 to 300 s ...... . ... . .. . . .

183. Differential temperature of Rod 312-1, coolant inlet and outlet
133(DELT3121 225 R01), from -50 to 300 s .. ... . . ... . . .

184. Differential temperature of Rod 312-2, coolant inlet and outlet
133(DELT3122 225 R02), from -50 to 300 s . . . .. .. .. . ..

185. Differential temperature of Rod 312-3, coolant inlet and outlet
(DELT3123 225 R03), from -50 to 300 s . .. . . . .. 134

186. Differential temperature of Rod 312-4, coolant inlet and outlet*

134(DELT3124 225 R04), from -50 to 300 s . . . . . . . . .. ..

187. Differential temperature of Rod 312-4, at 135 degrees, coolant inlet and outlet
135(DELT3124 135 R04), from -50 to 300 s ... . ...... . . ....

,

188. Material temperature, Rod 312-1 shroud, at fuel stack midplane
135(TSRD3121 + .000R01), from -50 to 300 s . .. . . . .. . ... .. . . . .
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189. hiaterial temperature, Rod 312-1 shroud,0.152 m below fuel stack midplane
(TSRD3121 .li2R01), from -50 to 300 s . . . .. .. .. . .. . . 136

190. hiaterial temperature, Rod 312-1 shroud,0.152 m above fuel stack midplane
(TSRD3121 + .152R01), from -50 to 300 s . 136........ ... .. . . . .

*

191. hiaterial temperature, Rod 312 3 shroud, at fuel stack midplane
137(TSRD3123 + .000R03), from -50 to 300 s . .. .. . . . .....

192. hiaterial temperature, Rod 312-3 shroud,0.152 m below fuel stack midnlane
137(TSRD3123 .152R03), from -50 to 300 s . . . .. ... . . . ..

*

193. hiaterial temperature, Rod 312-3 shroud,0.152 m above fuel stack midplane
138(TSRD3123 + .152R01), from -50 to 300 s . . . . . . . . . . . .

194. Fluid temperaturein test train catch basket
(BULKTEh1P CATCHBTT), from -50 to 300 s 138.. . . . . . ..

195. Fluid temperature below test train lower support plate
(BULKTEh1P LOWSPTTT), from -50 to 300 s I39. .. . . .... ... . .

196. Fluid temperature in bypass volume at fuel lack midplane
(BULKTEh1P VOLBYPTT), from -50 to 300 s 139. . .. ..

.

197. Fluid temperature 0.05 m above now shroud outlets
(BULKTEh1P SRDOUTTT), from -50 to 300 s 140. ... .. . . .

198. Fluid temperature at test train controlled bypass inlet
'(BULKTEN1P CONTBYTT), from -50 to 300 s 140.. . .. .. .

199. Fluid temperature at IPT exit
(BULKTEN1P IPTEXTIT), from -50 to 300 s . . 141. .. . ..

200. Absolute pressure in test train catch basket
(PRESSURE ECATCHTT), from -50 to 300 s 141. . ..... . . .

201. Absolute pressure above the test train top support plate
(PRESSURE ETOPSPTT), from -50 to 300 s .. . . . 142

202. Absolute pressure above the test train top support plate
(PRESSURE KTOPSPTT), from -50 to 300 s 142. . . . . . .

203. Absolute presst re in test . rain catch basket
(PRESS-HI ECATCH iT), from -50 to 300 s . .. . .. . . . 143

*204. Volumetric How rate in Fuel Rod 312-1 upper shroud
(TURB3121 UP000N01), from -50 to 300 s . . .. 143

205. Volumetric How rate in Fuel Rod 312-1 lower shroud
(TURB3121 L0000N01), from -50 to 300 s . . . . . 144 .

206. Volumetric How rate in Fuel Rod 312-1 lower shroud
(TURB3121 L0000N01), from -5 to 35 s 144. .. .. ... . .

.-

.

hfhxvi
.. e- ,

.



207. Volumetric flow rate in Fuel Rod 312-2 upper shroud
(TURB3122 UP180N02), from -50 to 300 s . ......... . . . . . ..... .. . . . 145

208. Volumetric flow rate in Fuel Rod 512-2 lower shroud
(TURB3122 L0180N02), from -5010 300 s . .. . ........ . .. ........ . 146

209. Volumetric flow rate in Fuel Pod 312-2 lower shroud*
.,

(TURB3122 L0180N02), from -S to 35 s ... . 146...... .. . ..... .. . .....

210. Volumetric flow rate in Fuel Rod 312-3 upper shroud
(TURB3123 UP090N03), from -50 to 300 s 147. ........ . . . . . .. .. . ....

211. Volumetric flow rate in Fuel Rod 312-3 lower shroud
(TURB3123 L0090N0P from-50 to 300 s . 148... ....... . . . . .... .

212. Volumetric now rate in Fuel Rod 312-3 lower shroud
(TURB3123 L0090N03), from -S to 35 s 148. .. .. . . . . . .. .

213. Volumetric flow rate in Fuel Rod 312-4 upper shroud
(TURB3124 UP270N04), from -50 to 300 s 149... ... . . . . .....

214. Volumetric How rate in Fuel Rod 312-4 lower shroud
(TURB3124 LO270N04), from -50 to 300 s . . . . 150.. . .. ..... ...

*

215. Volumetric flow rate in Fuel Rod 3124 lower shrc t.:d
(TURB3124 LO270N04), from -S to 35 s 150. ..... ...... .. .... ... .

216. Volumetric flow rate in test train controlled bypass
(TURBINEM CONTBYTT), from -50 to 300 s . . ... . . . . . 151-

217. Volumetric flow rate in test train controlled bypass
(TURBINEM CONTBYTT), from -5 to 35 s 151.. .. . . . . . . ....

218. Neutron Dux 0.228 m above fuel stack midplane
(NEUTFLUX + .228 TT), from -5 to 35 s 152. . ...... . . ....

219. Neutron flux 0.142 m above fuel stack midplane
(NEUTFLUX + .142 TT), from -5 to 35 s . . 152. . .. . . . . .

220. Neutron flux at fuel stack midplace
(NEUTFLUX +.000 TT), from -5 to 35 s 153. . . ...... .. . .. ..

221. Neutron flux 0.114 m below fuel stack midplane
(NEUTFLUX .114 TT), from -5 to 35 s 153. .... ... . . . . . .. .

222. Neutron flux 0.228 m below fuel stack midplane.

(NEUTFLUX .228 TT), from -5 to 35 s . .... . . . . . . . . 154

223. Neutron flux 0.343 m below fuel stack midplane
(NEUTFLUX .343 TT), from -5 to 35 s . . 154.. ... . .. . . . .... .....,

224. Gamma flux 0.228 m above fuel stack midplane
(GAMMAFLX + .228 TT), from -5 to 35 s

.. . . 155. ........ . . . . . . ... .

fic
.
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225. Gamma flux at fuel stack midplane
(GAhth1AFLX + .000 TT), from -5 to 35 s . . . 155. . . . .... ..

226. Gamma flux 0.228 m below fuel stack midplane
156(GAh1h1AFLX .228 TT), from -5 to 35 s . .. . . . . ..

*
227. Fluid terap(rature in initial condition spool

156(ICSSTEh1P TE20 SPIC), from -50 to 300 s . . . . . ... . .. .

228. Fluif *ature in cold leg blowdown spool
(CLS5 t Eh1P TE22SPCL), from -50 to 300 s 157 ... . . .. ... ....

229. Fluid temperature in hot leg blowdown spool
157(HLSSTEh1P TE23SPHL), from -50 to 300 s ... . ..... . . . ... ..

230. Fluid temperature in cold leg blowdown spool
(CLTCTEh1P TE24SPCL), from -50 to 300 s . .. .. .. .... .. . 158

231. Fluid temperature in hot leg blowdown spool
(HLTCTEh1P TE25SPHL), from -f' to 300 s . 158... ... .. . ... .

232. Absolute pressure in initial condition spool
(ICPRESSF PE08 SPIC), from -50 to 300 s 159. . .. . . ...

~

233. Absolute pressure in cold leg blowdown spool
(CLPRESSF PE10SPCL), from -50 to 300 s 159. . .. .. ... .

234. Absolute pressure in hot leg blowdown spool
(HLPRESSF PE12SPHL), from -50 to 300 s 160 4

.. .. .. .. . .. .

235. Absolute pressure in initial condition spool
(ICPRESSW PE09 SPIC), from -50 to 300 s 160. .. ....

236. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEllSPCL), from -50 to 300 s .. . . . . . . 161

237. Absolute pressut e in cold leg blowJown spool
(CLPRESSW PEIISPCL), from -5 to 35 s . . . . 161

238. Absolute pressure in hot leg blowdown spool
162(HLPREESW PE13SPHL), from -50 to 300 s . ... . . .. . ..

239. Differential pressure between blowdown spools
163(DELPCLHL DPE-05HL), from -50 to 300 s . .. . . . .. .

240. Differential pressure between blowdown spools -

(DELPCLHL DPE-05HL), from -5 to 35 s . .. . ... .. . . 163

241. Volumetric flow rate in initial condition spool
164(ICSVFLOW FE05 SPIC), from -50 to 300 s . . . . . . . ,

242. Volumetric flow rate in cold leg blowdown spool
165(CLSVFLOW FE06SPCL), from -50 to 300 s .. .. .. .. .. .
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243. Volumetric flow rate in cold leg blowdown spool
165(CLSVFLOW FE06SPCL), from -S to 35 s . . . . . . ... . ... . ... . .... .

244. Volumetric flow rate in hot leg blowdown spool
(IILSVFLOW FE09SPHL), from -50 to 300 s . . . . . . . . 166..... .. ....... .. . ..

*

245. Chordal density of center beam in cold leg blowdown spool
166(CLDENSCE DENSICCL), from -S to 35 s .... .. . ..... .. .. . . .....

246. Volumetric flow rate in reflood lin: No. 2
(REFLDSYS FLO O2PT), from -50 to 300 s 167'

. .. ... ... ..... ......... .....

247. Reactor power from Core Ionization Chamber PPS 1
(REACTPOW PPS-OlPT), from -S to 35 s 167. .. .. .. ......... .... .......

248. Reactor power from Core Ionization Chamber PPS 2
168(REACI' POW PPS-02PT), from -S to 35 s .. . . .... .... ........... .. . .

TEST LLR-5

249. Fuel temperature in Rod 312-1,0.08 m above the fuel stack midplane
(TFCL3121 + .08TC01), from -50 to 300 s 169. .. ... . ... ....... .... . .

250. Fuel temperature in Rod 312-1,0.08 m above the fuel stack midplane.

(TFCL3121 + .08TC01), from -S to 35 s 169. . .. . . ........ .. .....

251. Fuel temperature in Rod 312-2, at fuel stack midplane
(TFCL3122 + .00TC02), from -50 to 300 s 170... . . .. ......... ... .

-

252. Fuel temperature in Rod 312-2 at fuel stack midplane
(TFCL3122 + .00TC02), from -S to 35 s ... .. . .... . 170. ... . ...........

253. Fuel temperature in Rad 345-1,0.08 m above the fuel stack midplane
(TFCL3451 + .08TC05), from -50 to 300 s .... . .. 171.. ..... . ... ..........

254. Fuel temperature in Rod 345-1,0.08 m above the fuel stack midplane
(TFCL3451 +.08TC05), from -5 to 35 s 171. . .... .. . .. ....

255. Fuel temper rein Rod 345-2, at fuel stack midplane
(TFCL3452 + .00TC06), from -50 to 300 s 172. .... .. . . .... ..... ... . ..

256. Fuel temperature in Rod 345-2, at fuel stack midplane
(TFCL3452 + .00TC06), from -S to 35 s 172... .. .. .. . ..... .... . .

257. Pierium temperature in Fuel Rod 312-1
* (PLNMTEMP 312-1R01), from -50 to 300 s 173. . . . . .... ...

258. Plenum temperature in Fuel Rod 312-2
(PLNMTEMP 312-2R02), from -50 to 300 s 173. . . ... .... .......

.

259. Plenum temperature in Fuel Rod 345-1
(PLNMTEMP 345-IR05), from -50 to 300 s 174. .. .... .. . .. .. .

260. Pier.um temperature in Fuel Rod 345-2
(PLNMTEMP 345-2R06), from -50 to 300 s 174...... .. . . .... ... . .

.
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261. Cladding temperature, Rod 312-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0818001), from -50 to 300 s 175.. .. . ..... . ... ... . . . ....

262. Cladding temperature, Rod 312-1, at 180 degrees and 0.03 m above fuel stack midplane
(CLAD 3121 + 0818001), from -5 to 35 s 175..... . . .. .. . .....

.

263. Cladding temperature, Rod 312-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0800001), from -50 to 300 s 176.. . ..... . .. ..... . .. . . ..

264. Cladding temperature, Rod 312-1, at 0 degrees and 0.08 m above fuel stack midplane
,

(CLAD 3121 + 0800001), from -5 to 35 s . .. .. ... . . . .. . . . . . 176

265. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0818002), from -50 to 300 s . ... . .. ....... .. . .... . . 177

266. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0618002), from -5 to 35 s 177... . . . . .. .....

267. Cladding temperature, Rod 312-2, at 0 degrees and fuel stack midplane
(CLAD 3122 + 0000002), from -50 to 300 s . ..... .. . .... . ... . 178

268. Cladding temperature, Rod 312-2, at 0 degrees and fuel stack midplane
(CLAD 3122 + 0000002), from -5 to 35 s 178. ... . . .. .. . .. .. . .

.

269. Cladding temperature, Rod 345-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0818005), from -50 to 300 s 179.. . . . . .

270. Cladding temperature, Rod 345-1, at 180 degrees and 0.0S m above fuel stack midplane ,

(CLAD 3451 + 0818005), from -5 to 35 s 179. . . . . . .... . ....

271. Cladding temperature, Rod 345-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 4 0800005), from -50 to 300 s . 180... . .. .. . . .

272. Cladding temperature, Rod 345-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0800005), from -5 to 35 s 180.. . . . .. . .

273. Cladding elongation of Fuel Rod 312-1,
(LVDT ROD 312-101), from -50 to 300 s 181. .. . ... . ..

274. Cladding elongation of Fuel Rod 312-1,
(LVDT ROD 312-101), from -5 to 35 s . . .. . .. 181

275. Cladding elongation of Fuel Rod 312-2,
(LVDT ROD 312-2 02), from -50 to 300 s . 182.... . ... .. . .. .

.

276. Cladding elongation of Fuel Rod 312-2,
(LVDT ROD 312-2 02), from -S to 35 s . . . . . ... .. . . ... . 182

277. Cladding elongation of Fuel Rod 345-1,
(LVDT ROD 345-103), from -50 to 300 s . . . *

183. . . . . ... . ...

278. Cladding elongation of Fuel Rod 345-1,
(LVDT ROD 345-103), from -S to 35 s 183... . .... . .. .
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279. Cladding elongation of Fuel Rod 345-2,
(LVDT RCO 345-2 04), from -50 to 300 s . . . 184.................... . .. ... . .

280. Cladding e' angation of Fuel Rod 345-2,
(LVDT ROD 345-2 04), from -S t o 3 5 s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 184...

*
281. Fluid tempecsture of Fuel Rod 312-3 coolant inlet

185(INLTTEMP 312-2RO2), from -50 to 300 s . . . . . ..... . ... . ................

282. Fluid temperature of Fuel Rod 345-1 coolant inlet
(INLTTEMP 345-IRO5), from -50 to 300 s 185-

. .. . .. ................. ......

283. Fluid temperature of Fuel Rod 345-2 coolant inlet
196(INLTTEMP 345-2RO6), from -50 to 300 s . . . . ........... . ...

284. Fluid temperature of Fuel Rod 312-2 coolant outlet
(OUT TEMP 312-2RG2), from -50 to 300 s . . . .... . .. . . . . ..... . 186

285. Fluid temperature of Fuel Rod 345-1 coolant outlet
(OUT TEMP 345-lRO5), from -50 to 300 s . . . 187.. .. ......... .. .... ...

286. Fluid temperature of Fuel Rod 345-2 coolant outlet
(OUT TEMP 345-2RO6), from -50 to 300 s . . . . . . 187.. . ........ ...... .. ... .

.

287. Fluid temperature of Fuel Rod 345-1, at fuel stack midplane
(MIDT3451 + .000R05), from -50 to 300 s .. . ................. ..... ......... 188

288. Fluid temperature of Fuel P.od 345-1, at fuel stack midplane
"

(MIDT3451 + .000R05), from -S to 35 s 188............. .... . . . ... . ......

289. Fluid temperature of Fuel Rod 345-1,0.152 m below fuel stack midplane
(MIDT3451 .152R05), from -50 to 300 s . . . . . .. . .. . .... .......... . 189

290. Fluid temperature of Fuel Rod 345-1,0.152 m above fuel stack midplane
(MIDT3451 + .152R05), from -50 to 300 s 189... . .. .... . .. ... .. .. . .

291. Differential temperature of Rod 312-2 coolant inlet and outlet
(DELT3122 225 R02), from -50 to 300 s 190. . . .. .. . .. ....... .

292. Differential temperature of Rod 312-2, from support plate to outlet check valve
(DELT3122 CVSP R02), from -50 to 300 s . . ... ... . . .. ... ... ..... 190

293. Differential temperature of Rod 345-1 coolant inlet and outlet
(DELT3451 225 R05), from -50 to 300 s . . . . . . . . 191.. . ...... .. . . .. . .

*
294. Differential temperature of Rod 345-2, coolant inlet and outlet

(DELT3452 225 R06), from -50 to 300 s . . . . . . . ..... . . .. 191. .. .. ..

295. Material temperature, Rod 312-1 shroud, at fuel stack midplane
(TSRD3121 + .000R01), from -50 to 300 s 192*

. . .. .... . . . ..

296. Material temperature, Rod 3121 shroud,0.152 m below fuel stack midplane
(TSRD3121 .152R01), from -50 to 300 s . . 192. . ... . . . . . ...

.

xxi.
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297. hiaterial temperature, Rod 312-1 shroud,0.152 m above fuel stack midplane
(TSRD3121 + .152R01), from -50 to 300 s . . 193. .. ..... .... ... .

298. hiaterial temperature, Rod 345-1 shroud, at fuel stack midplane
(TSRD3451 + .000R05), from -50 to 300 s 193. . . .. . . . . . .

.

299. Material temperature, Rod 345-1 shroud,0.152 m below fuel stack midp'ane
(TSRD3451 .152R05), from -50 to 300 s . 194... ..... . . . . _ . . . . ...

300. hiaterial temperature, Rod 345-1 shroud,0.152 m above fuel stack midplane
(TSRD3451 + .152R05), from -50 to 300 s 194 *

..... ..... ... . .. . . . ..

301. Fluid temperature in test train catch basket
(BULKTEh1P CATCHBTT), from -50 to 300 s . 195. . . . . . . ..

302. Fluid temperature in bypass volume at fuel stack midplane
(BULKTEN1P VOLBYPTT), from -50 to 300 s . . 195. .....

303. Fluid temperatt.re 0.05 m above flow shroud outlets
(BULKTEh1P SRDOUTTT), from -50 to 300 s 196. . ... .. .. . . . .

304. Fluid temperature at test train controlled bypass inlet
(BULKTEh1P CONTBYTT), from -50 to 300 s . . . . .. . . 196

.

305. Fluid temperature at IPT exit
(BULKTEN1P IPTEXTTT), from -50 to 300 s 197. .. . ... .

306. Absolute pressure in test train catch basket
"(PRESSURE ECATCHTT), from -50 to 300 s .. . . 197

307. Absolute pressure above test train top support plate
(PRESSURE ETOPSPTT), from -50 to 300 s 198. . .

308. Absolute pressure above the test train top support plate
(PRESSURE KTOPSPTT), from -50 to 300 s 198. . . . .

309. Absolute pressure in test train catch basket
(PRESS-HI ECATCHTT), from -50 to 300 s 199.. . . .

310. Volumetric flow ratein Fuel Rod 312-1 upper shroud
(TURB3121 UP000N01), from -50 to 300 s . . . 199

311. Volumetric flow rate in Fuel Rod 312-1 lower shroud
(TURB3121 L0000N01), from -50 to 300 s . . . . . 200

312. Volumetric flow rate in Fuel Rod 312-1 lower shroud -

(TURB3121 L0000N01), from -5 to 35 s 200.. . . . . .

313. Volumetric flow rate in Fuel Rod 312-2 upper shroud
(TURB3112 UP180N02), from -50 to 300 s 201. . . .. . .. .

314. Volumetric flow rate in Fuel Rod 312-2 lower shroud
(TURB3122 LOI80N02), from -50 to 300 s . . . . 202

t
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315. Volumetric flow rate in Fuel Rod 312-2 lower shroud
.. .. ... . . . .... . ..... .. 202(TURB3122 L0180N02), from -S to 35 s

316. Volumetric flow rate in Fuel Rod 345-1 upper shroud
203(TURB3451 UP090NO3), from -50 to 300 s .... . .... . .. . ..... .. ....

.

317. Volumetric flow rate in Fuel Rod 345 1 lower shroud
(TURB3451 L0090N03), from -50 to 300 s ... 204. . .... ...... ........... . ..

318. Volumetric flow rate in Fuel Rod 345-1 lower shroud,

. 204(TURB3451 LOO 90N03), from -5 to 35 s . ....... ..... .... ....... ... .... .

319. Volumetric flow rate in Fuel Rod 345-2 upper shroud
.. 205(TURB3452 UP270N04), from -50 to 300 s . . . . . . . . ......... .. ..

320. Volumetric flow rate in test train controlled bypss
(TURBINEM CONTBYTT), from -50 to 300 s . . 206....... .... .. .... . ...

321. Volumetric flow rate in test train controlled bypass
. 206(TURBINEM CONTBYTT), from -5 to 35 s . . . . ... ... ...... .. ..

322. Neutron flux 0.228 m above fuel stack midplane
... 207(NEUTFLUX +.228 TT), from -S to 35 s . .. ..... . . ........ ....

.

323. Neutron flux 0.142 m above fuel stack midplane
(NEUTFLUX + .142 TT), from -S to 35 s . 207........ ... . .. .. .... . ..

324. Neutron flux at fuel stack midplane.

. 208(NEUTFLUX + .000 TT), from -5 to 35 s . . ..... ... . . . .

325. Neutron flux 0.114 m below fuel stack midplane
(NEUTFLUX .ll4 TT), from -S to 35 s 208. ... . . ... . .. .. . ...

326. Neutron flux 0.228 m below fuel stack midplane
. 209(NEUTFLUX .228 TT), from -5 to 35 s . . .. . . .. . .. .. . .

327. Neutron flux 0.343 m below fuel stack midplane
209(NEUTFLUX .343 TT), from -5 to 35 s . . . .... . .... ...... .

328. Gamma flux 0.228 m above fuel stack midplane
.... . .. . ... .. ...... . . 210(GAMMAFLX + .228 TT), from -S to 35 s

329. Gamma flux at fuel stack midplane
210(GAMMAFLX + .000 TT), from -5 to 35 s .. . . . .. . . ...

.

330. Gamma flux 0.228 m below fuel stack midplane
211(GAMMAFLX .2281T), from -S to 35 s . . . . .. . .. .. ..

331. Fluid temperature in initial condition spool
,

211(ICSSTEMP TE20 SPIC), from -50 to 300 s . . ....... . ... .... . .

332. Fluid temperature in cold leg blowdown spool
(CLSSTEMP TE22SPCL), from -50 to 300 s . . . . . . 212.. . . .. .. . .....

025
'

xxiii r



.

333. Fluid temperature in hot leg blowdown spool
(HLSSTEh1P TE23SPHL), from -50 to 300 s . . .. ... . . .. ..... 212

334. Fluid temperature in cold leg blowdown spool
(CLTCTEh1P TE24SPCL), from -50 to 300 s . 213. ... . . .. . .

.

335. Fluid temperature in hot leg blowdown spool
(HLTCTEh1P TE25SPHL), from -50 to 300 s . . . . 213. . . .... . ........

336. Absolute pressureininitialcondition spool
,

(ICPRESSF PE08 SPIC), from -50 to 300 s .. ... . . . .. . . 214

337. Absolute pressure in cold leg blowdown spool
(CLPRESSF PE10SPCL), from -50 to 300 s ... ... ... . . . . . . 214

338. Absolute pressure in hot leg blowdown spool
(HLPRESSF PE12SPHL), from -50 to 300 s . 215. . .. .. ... . .. .. .

339. Absolute pressure in initial condition spool
(ICPRESSW PE09 SPIC), from -50 to 300 s 215.. . . . . . .. . ...

340. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEIISPCL), from-50 to 300 s 216. ...

.

341. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEIISPCL), from -5 to 35 s 216.. . .. .. .

342. Absolute pressure in hot leg blowdown spool .

(HLPRESSW PE13SPHL), from -50 to 300 s 217.. . . . .. . ..

343. Differential pressure between blowdown spools
(DELPCLHL DPE-05HL), from -50 to 300 s 218.... .. . . . .... ....

344. Differential pressure between blowdown spools
(DELPCLHL DPE-05HL), from -S to 35 s . . 218. . .. . . . . . . ..

345. Volumetric flow ratein initia condition spool
(ICSVFLOW FE05 SPIC), from -50 to 300 s 219. . . . .. .. . . .

346. Volutaetric flow rate in cold leg blowdown spool
(CLSVFLOW FE06SPCL), from -50 to 300 s 220. . .. . . ..

347. Volumetric flow rate in cold leg blowdown spool
(CLSVFLOW FE06SPCL), from -S to 35 s . . . . .. . ... . . 220

.

348. Volumetric flow rate in hot leg blowdown spool
(HLSVFLOW FE09SPHL), from -50 t0 300 s . . 221. .. ... . ... .

349. Chordal density of upper beam in cold leg blowdown spool
(CLDENSUP DENSIUCL), f rom -5 to 35 s *

. . . . . ..... . . 221

350. Chordal density of center beam in cold leg blowdown spool
(CLDENSCE DENSICCL), from -S to 35 s 222... ... . ... ... . ..
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351. Chordal density oflower beam in cold leg blowdown spool
(CLDENSLO DENSILCL), from -S to 35 s 222.. ... ...... ... ... ....... ..

352. Average density of cold leg blowdown spool
(CLDENAVE DENSI CL), from -S to 35 s . . . . . . . . . . 223. .. .. ...... . . . ..

353. Chordal density of upper beam in hot leg blowdown spool*

. 223(HLDENSUP DENS 2UHL), from -S to 35 s ... . .. ... .. . ... . . . ..

354. Chordal density of center beam in hot leg blowdown spool
. 224(HLDENSCE DENS 2CHL), from -S to 35 s . . . . . . . .. . . ...... .. . . .

355. Chordal density oflower beam in hot leg blowdown spool
(HLDENSLO DENS 2LHL), from -5 to 35 s . . . . . . . . 224.. . . .. .. . .....

356. Average density of hot leg blowdoivn spool
225(HLDENAVE DENS 2 HL), from -S to 35 s . .............. ..... ... . . ..

357. Volumetric flow rate in reflood line No.1
225(REFLDSYS FLO 0lPT), from -50 to 300 s ..... . ... .. .. .. ...... .

358. Volumetric flow rate in reflood line No. 2
(REFLDSYS FLO O2PT), from -50 to 300 s 226........ .. .. ....... .. . .. ....

'
359. Reactor power from Core Ionization Chamber PPS 1

(REACTPOW PPS-OlPT), froni-S to 35 s . 226..... . ..... ... . ....... .

360. Reactor power from Core Ionization Chamber PPS 2
(REACTPOW PPS-02PT), from -S to 35 s . 227-

.. .... ....... . . .... .. .... .

TEST LLR-4

361. Fuel temperature in Rod 312-1,0.08 m above the fuel stack midplane
. 229(TFCL3121 + .08TC01), from -5 to 35 s .. . ... .. .. .. . . .... .

362. Fuel temperature in Rod 312-2, at fuel stack midplane
(TFCL3122 + .00TC02), from -5 to 35 s 229. .. .......... .. .. .. .

363. Fuel temperature in Rod 345-1,0.08 m above the fuel stack midplane
(TFCL3451 + .08TC05), from -S to 35 s . . ... . . ... ... . . . 230

364. Fuel temperature in Rod 345-2, at fuel stack midplane
(TFCL3452 + .00TC06), from -5 to 35 s . 230. .. ... . . ..

365. Plenum temperaturein Fuel Rod 312-1
(PLNMTEMP 312-IR01), from -S to 35 s . . .... 231- .. .... . .... ...

366. Plenum temperaturein Fuel Rod 312-2
(PLNMTEMP 312-2R02), from -S to 35 s 231.... .. . ... .. .. .

.

367. Plenum temperaturein Fuel Rod 345-1
(PLNMTEMP 345-IR05), from-S to 35 s . . 232.. .. ..... ..... ... . . . .

368. Plenum temperature in Fuel Rod 345-2
... . .. . . .. .... .... ... 232(PLNMTEMP 345-2R06), from -S to 35 s . . . .
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369. Cladding temperature, Rod 312-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0818001), from -S to 35 s 233... ......... .. ..... ... . .. ...

370. Cladding temperature, Rod 312-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3121 + 0800001), from -5 to 35 s 233... ...... . . . .... .... . ..

*
371. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane

234(CLAD 3122 + 0818002), from -S to 35 s .. . .. ... . . .... . . . ..

372. Cladding tensperature, Rod 312-2, at 0 degrees and fuel stack midplane
234(CLAD 3122 + d)000002), from -S to 35 s ,

... . . . . .. . . . . . ..

373. Cladding temperature, Rod 345-1, at 180 degrees and 0.08 m abose fuel stack midplane
235(CLAD 3451 + 081E005), from -S to 35 s . . .... . . .. .... .

374. Cladding temperature, Rod 345-1, at 0 degrecs and 0.08 m above fuel stack midplane
(CLAD 3451 + 0800005), from -5 to 35 s 235.... ...... . . .. .. .....

375. Cladding elongation of Fuel Rod 312-1,
(LVDT ROD 312-101), from -5 to 35 s 236... .. . .. . .

376. Cladding elongation of Fuel Rod 345-1
236(LVDT ROD 345-103), from -5 to 35 s . ........ ..... . . . . ...

'

377. Cladding elongation of Fuel Roq W-2,
(LVDT ROD 345-2 04), irom -5 to 35 s 237. . . . . . . . . . .

378. Fluid temperature of Fuel Rod 312-2 coolant ialet
(1NLTTEN1P 312-2R02), from -5 to 35 s 237 *

.. . . .. . . ..

379. Fluid temperature of Fuel Rod 345-1 coolant inlet
(INLTTEMP 345-1R05), from -5 to 35 s . . . . .. . .. 238

380. Fluid temperature of Fuel Rod 345-2 coolant inlet
(INLTTEMP 345-2R06), from -5 to 35 s . . . . . . . . . 238

381. ir'luid temperature of Fuel Rod 312-2 coolant outlet
(OUT TEMP 312-2R02), from -5 to 35 s 239.. . . . .. . ...

382. Fluid temperature of Fuel Rod 345-1 coolant outlet
(OUT TEMP 345-IR05), from -5 to 35 s .. . . . 239

383. Fluid temperature of Fuel Rod 345-2 coolant outlet
(OUT TEMP 345-2R06f, from -5 to 35 s 240. . . . . . . ... . ..

384. Fluid temperature of Fuel Rod 345-1, at fuel stack midplane -

(MIDT3451 + .000R05), from -5 to 35 s 240. . . . ... .

385. Fluid temperature of Fuel Rod 345-1,0.152 m below fuel stack midplane
(M1DT3451 .152R05), from -5 to 35 s 241.. . .. . . .

386. Fluid temperature of Fuel Rod 345-1,0.152 m abose fuel stack midplane
(MIDT3451 + .152R05), from -5 to 35 s 241. . . . .. .
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387. Differential temperature of Rod 312-1, from support plate to outlet check valve
(DELT3121 CVSP R01), from -S to 35 s . . . . . . .. 242.... ...... ......... ......

388. Differential temperature of Rod 312-2, coolant inlet and outlet
(DELT3122 225 R02), from -S to 35 s . 242...... . .. ... .. .... ...... ....

*

389. Differential temperature of Rod 312 2, from support plate to outlet check valve
(DELT3122 CVSP R02), from -S to 35 s . 243....... .............. . ...... .. .

390. Differential temperature of Rod 3451 coolant inlet and outlet
. 243(DELT3451 225 R05), from -S to 35 s*

. .. ... ... . ... . ... ..... ...

391. Differential temperature of Rod 345-2, coolant inlet and outlet
(DELT3452 225 R06), from -S to 35 s 244....... ... .. ... .. . ....... .........

392. Material temperature, Rod 312-1 shroud, at fuel stack midplane
(TSRD3121 + .000R01), from -S to 35 s 244.. ............ ........ ....... ... ..

393. hiaterial temperature, Rod 312-1 shroud,0.152 m below fuel stack midplane
(TSRD3121 .152R01), from -S to 35 s 245. ...... ............ . ... ..... .. .

394. hiaterial'.emperature, Rod 312-1 shroud,0.152 m above fuel stack midplane
(TSRDIl21 + .152R01), from -S to 35 s .... 245.. .. ....... ..... ....... .

.

395. hiaterial temperature, Rod 345 '. shroud, at fuel stack midplane
(TSRD3451 + .000R05), from -5 to 35 s 246.............. .... .. ..............

396. hiaterial temperature, Rod 345-1 shroud,0.152 m below fuel stack midplane
(TSRD3451 .152R05), from -S to 35 s . . .... ........... ...................... 246

*

397. hiaterial temperature, Rod 345-1 shroud,0.152 m above fuel stack midplane
(TSRD3451 + .152R05), from -S to 35 s ... 247..... ..... ........... ..........

398. Fluid temperature in test train catch basket
(BULKTEMP CATCHBTT), from -S to 35 s 247. . ............... .... ..........

399. Fluid temperature in bypass volume at fuel stack midplane
. 248(BULKTEMP VOLBYPTT), from -S to 35 s . . . . . . .. ..... . .. ...... .

400. Fluid temperature 0.05 m above flow shroud outlets
(BULKTEMP SRDOUTTT), from -5 to 35 s . . . . . .. 248........ . .... .. ...

401. Fluid temperature at test train controlled bypass inlet
(BULKTEMP CONTBYTT), from -S to 35 s ... . 249.. . ... ..... ... ..

402. Fluid temperature at IPT exit*

249(BULKTEMP IPTEXTTT), from -S to 35 s .... . .. .......... . . .

403. Absolute pressure in test train catch basket
. 250(PR"SSURE ECATCHTT), from -S to 35 s. . . . ... . . . . ... ....

404. Absolute pressure above the test train top support plate
. . . 250(PRESSURE ETOPSPTT), from-S to 35 s . .. .. . . .... .. ... .......
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405. Absolute pressure above the test train top support plate
(PRESSURE KTOPSPTT), from -5 to 35 s . . . . . . 251.... .... ..... .... .. ......

406. Volumetric now rate in Fuel Rod 312-1 upper shroud
(TURB3121 UP000N01), from -S to 35 s . . . . . . . 251.. .... ..... ...... .........

*

407. Volumetric How rate in Fuel Rod 312-1 lower shroud
(TURB3121 L0000N01), from -S to 35 s 252..... ................ ....... ..........

408. Volumetri; flow rate in Fuel Rod 312 2 upper shroud
(TURB3122 UP180N02), from -5 to 35 s 252 -....................... .. ... .. . ...

409. Volumetric flow rate in Fuel Rod 2. 2 2 lower shroud
(TURB3122 L0180N02), from-S to 35 s 253.... . .. ......... ....... .....

410. Volumetric How rate in Fuel Rod 345-1 upper shroud
(TURB3451 UP093N03), from -S to 35 s . . . . . . . . . . . . . . . . . . . . 253... ........... . .

411. Volumetric flow rate in Fuel Rod 345-1 lower shroud
(TURB3451 LO90N03), from -S to 35 s 254...... . . . .. . ............ ... .

412. Volumetric flaw rate in Fuel Rod 345-2 upper shroud
(TURB3452 UP270N04), from -S to 35 s . 254..... .... . .. ..... ... ... ....

.

413. Volumetric flow rate in test train controlled bypass
(TURBINEh! CONTBYTT), from -5 to 35 s . 255. . .......... ... ..... .

414. Neutron flux 0.228 m above fuel stack midplane
(NEUTFLUX + .228 TT), from -S to 35 s . . . 255

*
.. ...... ....... . ......

415. Neutron flux 0.142 m above fuel stack midplane
(NEUTFLUX + .142 TT), from -5 to 35 s . . . . . 256.......... ........ ... .

416. Neutron flux at fuel stack midplane
(NEUTFLUX + .000 TT), from -5 to 35 s . . . . . . 256.. . . .......... . .

417. Neutron flux 0.114 m below fuel stack midplane
(NEUTFLUX .114 TT), from -5 to 35 s . . . . . 257..... . ..... ......... . .

418. Neutron flux 0.343 m below fuel stack midplane
(NEUTFLUX .343 TT), from -S to 35 s . . . . . . 257..... .. . ........ . ... ..

419. Gamma flux 0.228 m above fuel stack midplane
(GAhth1AFLX + .228 TT), from -S to 35 s . . . . . 258.... ... . . ... . ... .....

420. Gamma flux at fuel stack midplane *

(GANiN1AFLX + .000 TT), from -S to 35 s 258. .... .. . ... ....... .. .....

421. Neutron flux 0.228 m below fuel stack midplane
(NEUTFLUX .228 TT), from -5 to 35 s . 259... . ..... .. ..... . .. .. .

422. Fluid temperaturein initialcondition spool
(ICSSTENIP TE20 SPIC), from -5 to 35 s 259... . .... . . ...... ... .
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423. Fluid temperature in cold leg blowdown spool
(CLSSTEh1P TE22SPCL), from -S to 35 s ... ..... .. 260.........................

424. Fluid temperature in hot leg blowdown spool
(H LSSTEh1P TE23SPHL), from -S t ) 35 s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 260

* 425. Fluid temperature in cold leg blowdown spool
(CLTCTEh1P TE24SPCL), from -5 to 35 s . . . . . .. 261.............. ............

426. Fluid temperature in hot leg blowdown spool
(HLTCTEh1P TE25SPHL), from -S to 35 s ..... 261. ..............................

427. Absolute pressure in initial condition spool
(ICPRESSF PE08 SPIC), from -S to 35 s . . . . . . . . ..... .. 262................... ..

428. Absolute pressure in cold leg blowdown spool
(CLPRESSF PE10SPCL), from -5 to 35 s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262

429. Absolute pressure in initial condulen spoo'
(ICPRESSW PE09 SPIC), from -5 to 35 s 263..... .......... .....................

430. Absolute pressure in cold leg blowdown spool
(CLPRESSW PEllSPCL), from -S to 35 s ................ 263..... .. .... ......

'

431. Absolute pressure in hot leg blowdown spool
(HLPRESSW PE13SPHL), from -5 to 35 s . . . . . . . . . . . . 264... ... . . ...... .....

432. Volumetric flow rate in cold leg blowdown spool
(CLSVFLOW FE06SPCL), from -S to 35 s . . . . .. . ... 264*

. ........ ....... ..

433. Chordal density of upper beam in hot leg blowdown spool
(HLDENSUP DENS 2UHL), from -5 to 35 s . . .... 265...... .. .............

434. Chordal density of center beam in hot leg blowdown spool
265(HLDENSCE DENS 2CHL), from -5 to 35 s ....... . .............. ... ....

435. Chordal density of lower beam in hot leg blowdown spool
(HLDENSLO DENS 2LHL), from -5 to 35 s ....... 266. .... . .. ............

436. Average density of hot leg blowdown spool
266(HLDENAVE DENS 2 HL), from -5 to 35 s ........... . .. . .... ..

437. Reactor power from Core Ionization Chamber PPS I
(REACTPOW PPS-OlPT), from -S to 35 s . 267....... .. .. .. . ..... ... ..

438. Reactor power from Core Ionization Chamber PPS 2+

(REACTPOW PPS-02PT), from -S to 35 s . 267.... .. .. ..... ............. ...

TEST LLR-4A
.

439. Fuel temperature in Rod 312-2, at fuel stack midplane
(TFCL3122 + .00TC02), from -50 to 300 s 269... .. .......... ......... . .

440. Fuel temperature in Rod 312-2, at fuel stack midplane'
(TFCL3122 + .00TC02), from -S to 35 s . 269...... ... ......... .. ........ .. .
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441. Fuel temperature in Rod 345-1,0.08 m above the fuel stack midplane
(TFCL3451 + .08TC05), from -50 to 300 s 270...... .. . . .. .. . .

442. Fuel temperature in Rod 345-1,0.08 m above the fuel stack midplane
(TFCL3451 + .08TC05), from -S to 35 s 270. .. ... .. ... . . .. ..... .... . .

443. Fuel temperature in Rod 345-2, at fuel stack midplane *

(TFCL3452 + .00TC06), from -50 to 300 s . 271.. ... ... .. .... .... ....

444. Fuel temperature in Rod 345-2, at fuel stack midplane
(TFCL3452 + .00TC06), from -5 to 35 s . 271.... . .. . . .. ...... .... . ,

445. Plenum temperature in Fuel Rod 399-2
(PLNh1 TEN 1P 399-2R08), from -50 to 300 s 272. . . . . ... . ... . .. .

446. Plenum temperaturein Fuel Rod 312-2
(PLNNfTEN1P 312-2R02), from -50 to 300 s 272.. ....... ...... ...... . .

447. Plenum temperature in Fuel Rod 345-1
(PLNh1 TEN 1P 345-lR05), from -50 to 300 s . 273...... . ... ........ . . ... .

448. Plenum temperaturein Fuel Rod 345-2
(PLNN1TEh1P 345-2R06), from -50 to 300 s 263.. . .. . . . .

449. Cladding temperature, Rod 399-2, at 180 degrees and fuel stack midplane -

(CLAD 3992 + 0018008), from -50 to 300 s . 274. . . . ... . . . .. ..

450. Cladding temperature, Rod 399-2, at 180 degrees and fuel stack midplane
(CLAD 3992 + 0018008), from -5 to 35 s 274 ... . . . ... .. .

451. Cladding temperature, Rod 399-2, at 0 degrees and 0.14 m below fuel stack midplane
(CLAD 3992 -1400008), from -50 to 300 s 275. . ... . ... . . .... .

452. Cladding temperature, Rod 399-2, at 0 degrees and 0.14 m below fuel stack midplane
(CLAD 3992 -1400008), from -S to 35 s 275. .. ..... . . .. .. .. .

453. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0818002), from -50 to 300 s 276.. ... ... .... . . ...

454. Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3122 + 0818002), from -5 to 35 s 276. .. . . . ....

455. Cladding temperature, Rod 312-2, at 0 degrees and fuel stack midplane
(CLAD 3122 + 0000002), from -50 to 300 s 277.... .. . .. . .. . ....

456. Cladding temperature, Rod 312-2, at 0 degrees and fuel stack midplane .

(CLAD 3122 + 0000002), from -5 to 35 s 277. . . . . .. .. ...

457. Cladding temperature, Rod 345-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0818005), from -50 to 300 s 278. . .. ... . .... .... .

,

458. Cladding temperature, Rod 345-1, at 180 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0818005), from -5 to 35 s 278... ... . .... . ....... . ..
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459. Cladding temperature, Rod 345-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0800005), from -50 to 300 s ... 279... ... . ........................

460. Cladding temperature, Rod 345-1, at 0 degrees and 0.08 m above fuel stack midplane
(CLAD 3451 + 0800005), from -S to 35 s . . . . . . . 279........... ................ ..

*
461. Cladding elongation of Fuel Rod 399-2,

(LVDT ROD 399-2 01). from -50 to 300 s . . . . . . . . . . 280. ..... . .. ...

462. Cladding elongation of Fuel Rod 399-2,
(LVDT ROD 399-2 01), from -5 to 35 s ... . 280*

. ............... ..............

463. Cladding elongation of Fuel Rod 312-2,
(LVDT ROD 312-2 02), from -50 to 300 s . . . . . 281. . . ......... ..... ... .. ..

464. Cladding elongation of Fuel Rod 312-2,
(LVDT ROD 312-2 02), from -S to 35 s . . 281. . .. ...... . . . ..... ... ....

465. Cladding elongation of Fuel Rod 345-1,
(LVDT ROD 345-103), from -50 to 300 s . 282. . . ..... . ..

466. Cladding elongation of Fuel Rod 345-1,
.

(LVDT ROD 345-103), from -5 to 35 s 282.......................... . . .... ...

.

467. Fluid temperature of Fuel Rod 399-2 coolant inlet
(INLTTEh1P 399-2RO3), from -50 to 300 s . . ..... ... . . . . .. .... 283

468. Fluid temperature of Fuel Rod 312-2 coolant inlet
* (INLTTEMP 312-2RO2), from -50 to 300 s . . . 283... . . . .. . ..... .......

469. Fluid temperature of Fuel Rod 345-1 coolant inlet
(INLTTEN1P 345-1ROS), from -50 to 300 s .. ..... .. . . . .. 284

470. Fluid temperature of Fuel Rod 345-2 coolant inlet
(INLTTEN1P 345-2RO6), from -50 to 300 s 284. ... . ... . . . .

471. Fluid temperature of Fuel Rod 399-2 coolant outlet
(OUT TEN 1P 399-2RO8), from -50 to 300 s . 285. .. . . .. ..

472. Fluid temperature of Fuel Rod 312-2 coolant ot .
(OUT TEh1P 312-2RO2), from -50 to 300 s . r5.. . . . ..... ... . . ......

473. Fluid temperature of Fuel Rod 345-1 coolant outlet
(OUT TEh1P 345-1ROS), from -50 to 300 s 286.. . . . .

* 474. Fluid temperature of Fuel Rod 345-2 coolant outlet
(OUT TEh1P 345-2RO6), from -50 to 300 a . . 286. .. ..... ....

475. Fluid temperature of Fuel Rod 399-2, at fuel stack midplane
(h11DT3992 + .000R08), from -50 to 300 s 287. ...... ..... . .. .

476. Fluid temperature of Fuel Rod 399-2, at fuel stack midplane
(h11DT3992 + .000R08), from -S to 35 s . 287. .... .. .. . ..

/
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477. Fluid temperature of Fuel Rod 399-2,0.152 m below fuel stack midplane
(MIDT3992 .152R08), from -50 to 300 s . . . . . 288.. .. .................... .

478. Fluid temperature of Fuel Rod 399-2,0.152 m above fuel stack midplane
(MIDT3992 + .152R08), from -50 to 300 s . 288..... . . .. .. ........ . .....

479. Fluid temperature of Fuel Rod 345-1, at fuel stack midplane *

(MIDT3451 + .000R05), from -50 to 300 s . 289....... ... .. .. ... ... . ..

480. Fluid temperature of Fuel Rod 345-1, at fuel stack midplane
(MIDT3451 + .000R05), from -5 to 35 s . 289................ ... . . .. ......... ,

481. Fluid temperature of Fuel Rod 345-1,0.152 m below fuel stack midplane
(MIDT3451 .152R05), from -50 to 300 s . . . . . . .. 290... .. . . ......... ..

482. Fluid temperature of Fuel Rod 345-1,0.152 m above fuel stack midplane
(MIDT3451 t .152R05), from -50 to 300 s 290... ........ . . . ..........

483. Material temperature, Rod 399-2 shroud, at fuel stack midplane
(TSRD3992 + .000R08), from -50 to 300 s .. 291... .. . . .. .... ........

484. Material temperature, Rod 399-2 shroud,0.152 m below fuel stack midplane
(TSRD3092 .152Ru8), from -50 to 300 s . . . . . . 291. . .... .. . .. .... . .

4fs5. Material temperature, Rod 399-2 shroud,0.152 m above fuel stack midplane *

(TSRD3992 + .152R08), from -50 to 300 s . . . . . . 292.. . ..... .... ...

486. Material temperature, Rod 345-1 shroud at fuel stack midphne
(TSRD3451 + .000R05), from -50 to 300 s 292.... ...... .. . ..... . ... . .

487. Material temperature, Rod 345-1 shroud.0.152 m below fuel stack midplane
(TSRD3451 .152R05), from -50 to 300 s . ... 293... .. .. .. .

488. Material temperature, Rod 345-1 shroud,0.152 m above fuel stack midplane
(TSRD3451 + .152R05), from -50 to 300 s 293.... . . .. . .. ....

489. Fluid temperature in test train catch basket
(BULKTEMP CATCHBTT), from -50 to 300 s . 294... .. . . ..

490. Fluid temperature below test train lower support plate
(BULKTEMP LOWSPTTT), from -50 to 300 s . 294. ... ... ..

491. Fluid temperature in bypass volume at f ::1 stack midplane
(BULKTEMP VOLBYPTT), from -50 to 300 s 295.... . .. .... .. . .

492. Fluid temperature 0.05 m above ' low shroud outlets
.

(BULKTEMP SRDOUTTT), from -50 to 300 s 295. ... . .. .. . . ..

493. Fluid temperature at test train controlled bypass inlet
(BULKTEMP CONTBYTT), from -50 to 300 s .. .. ........ . 296

.

494. Fluid temperature at IPT exit
(BULKTEMP IPTEXTTT), from -50 to 300 s . . 2%. . ..... .. ..

-
- xxxii
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495. Absolute pressurein test train catch basket
(PRESSURE ECATCllTT), from -50 to 300 s 297. .. ..

496. Absolute pressure above test train top support plate
(PRESSURE ETOPSPTT), from -50 to 300 s 297. .. . .. ..

497. Absolute pressure above the test train top support plate.

(PRESSURE KTOPSPTT), from -50 to 300 s 298. .. .. ..

498. Absolute pressure in test train catch basket
(PRESS-lil ECATCliTT), from -50 to 300 s 298..... .. .,

499. Volumetric Dow rate in Fuel Rod 399-2 upper shroud
(TURB3992 UP000N01), from -50 to 300 s 299... .... .. . ...

500. Volumetric How rate in Fuel Rod 399-2 lower shroud
(TURB3992 L0000N01), from -50 to 300 s . 300. . . ... . . . .

501. Volumetric Dow rate in Fuel Rod 399-2 lower shroud
(TURB3992 L0000N01), from -5 to 35 s 300. . . . .. . .

502. Volumetric dow rate in Fuel Rod 312-2 upper shroud
(TURB3122 UP180N02), from -50 to 300 s . . . . .. . . 301

* 503. Volumetric flow rate in Fuel Rod 312-2 lewer shroud
(TURB3122 L0180N02), from -50 to 300 s . . .. . . . . 302

504. Volumetric flow rate in Fuel Rod 312-2 lower shroud
(TURB3122 L0180N02), from -5 to 35 s 302.

. . ..

505. Volumetric Dow rate in Fuel Rod 345-1 upper shroud
(TUD "240: UP090N03), from -50 to 300 s . 303. . . . ... ... .

506. Volumetric flow rate in Fuel Rod 345-1 lower shroud
(TURB3451 LOO 90N03), from -50 to 300 s 304. . .

507. Volumetric flow rate in Fuel Rod 345-1 lower shroud
'TURB3451 L0090N03), from -5 to 35 s 304

508. Volumetric flow rate in Fuel Rod 345-2 upper shroud
(TURB3452 UP270N04), from -50 to 300 s 303. ..

509. Volumetric dow rate in Fuel Rod 345-2 lower shroud
(TURB3452 LO270N04), from -50 to 300 s 306.. .

510. Volumetric flow rate in Fuel Rod 345-21ower shroud.

(TURB3452 LO270N04), from -5 to 35 s . 306. . .

511. Ncutron Dux 0.228 m above fuel stack midplane
(NEUTFLUX + .228 TT), from -5 to 35 s 307. . .,

512. Neutron Dux 0.142 m above fuel stack midplane
(NEUTFLUX + .142 TT), from -5 to 35 s 307.. . .

g. xxxiii,
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513. Neutron flux at fuel stack midplane
(NEUTFLUX + .000 TT), from -5 to 35 s . . . . . 308.... .... . . ...........

514. Neutron flux 0.228 m below fuel stack midplane
(NEUTFLUX .228 TT), from -5 to 35 s . 308. ... ... . . ...... . .. ..

515. Neutron flux 0.343 m below fuel stack midplane *

(NEUTFLUX .343 TT), from -5 to 35 s 309... . . ....... . . . .

516. Gamma flux 0.228 m above fuel stac. uidplane
(GAMMAFLX + .228 TT), from -S to 35 s . . 309.. ... ... .... . . .. . ... . .. ,

517. Gamma flux at fuel stack midplane
310(GAMMAFLX + .000 TT), from -S to 35 s . .. ...... .. . . . .. . . ..

$18. Gamma flux 0.228 m below fuel stack midplane
319(GAMMAFL.X .228 TT), from -5 to 35 s . .. .. . . .. ... . . . .... .

519. Fluid temperature in initial condition spool
(ICSSTEMP TE20 SPIC), from -50 to 300 s . . . . 311. . ... . .. ..... . .. .

520. Fluid temperature in cold leg ble wdown spool
(CLSSTEMP TE22SPCL), from -50 to 300 s 311. .. . . . . .. . ..

*521. Fluid temperature in hot leg blowdown spool
(HLSSTEMP TE23 spill), from -50 to 300 s 312. ..... ... . . . ....... .. . ....

522. Fluid temperature in initial condition spool
(ICTCTEMP TE21 SPIC), from -50 to 300 s 312 .. . .. . .... .. . . .

523. Fluid temperature in cold leg blowdown spool
(CLTCTEMP TE24SPCL), from -50 to 300 s 313.. . ... .. .... ..... ... . . .

524. Fluid temperature in hot leg blowdown spool
(IILTCTEMP TE25 spill), from -50 to 300 s 313. . .. . . . .. ..

525. Absolute pressure in initial condition spool
(ICPRESSF PE08 SPIC), from -50 to 300 s 314. .. . .. . .. . ...... .

526. Churdal density of upper beam in cold leg blowdown spool
(CLDENSUP DENS!UCL), from -5 to 35 s 314........ . . . . . .. . ...

527. Chordal density of center beam in cold leg blowdown spool
(CLI >ENSCE DENSICCL), from -5 to 35 s 315...... . .... . . .

528. Chordal density oflower beam in cold leg blov <ian s; ool .

(CI.DENSLO DENSILCL), from -S to 35 s 315. .. . . . .. .... .. ..

529. Average density of cold leg blowdown spool
(CLDENAVE DENSI CL), from-S to 35 s . 316. . . . . . .. . ...

,

530. Volumetric flow rate in reflood line No. I
316(REFLDSYS FLO 0lPT), from-56 to 300 s . . . . . . .

xxxiv
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531. Volumetric flow rate in reflood line No. 2
(REFLDSYS FLO 02PT), from -50 to 300 s 317. .. . .. .. . .

532. Reactor power from Core Ionization Chamber PPS 1
317(REACTPOW PPS-OlPT), from -S to 35 s ... . .... . ...... . . . ..

533. Reactor power from Core Ionization Chamber PPS 2*

(REACTPOW PPS-02PT), from -S to 35 s . . .. ... .. . . . 318
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EXPERIMENT DATA REPORT FOR
PBF/ LOFT LEAD ROD TEST SERIES

(TESTS LLR-SO, -3, -4, -4A, and -5)

.

I. INTRODUCTION

m Therma' Fut .O W Program (TFBP)is one of several programs being conducted by the Water
* Reactor Pasr -A L rector-te. EG&G Idaho, Inc., for the U.S. Nuclear Regulatory Commission (NRC).

The TFBr performs an integral analytical and experimental study of the behavior of nuclear fuel rods
under n. mal. Mf-normal, and accident conditions in light water reactors (LWR). Data from the TFBP
e7)erimerr . ort are used to determine the completeness and accuracy of analytical models developed to
predict fuuod behavior for a wide range of postulated reactor operating conditions.

lThe Loss-of-Fluid Test (LOFT) facility is the major NRC sponsored testing facility which simubtes the
response of a light-water reactor over a wide range of loss-of-coolaru accident (LOCA) conditions. The
LOFT racility is intended to be used for sequential loss-of-coolant experiments (LOCEs), provided exten-
sive fuel rod failures do not occur. The LOFT Lead Rod Test Series, conducted in the Power Burst Facility
(PBF), was performed to provide a parametric evaluation of the expected mechanical response of the
LOFT fuel rods to loss-of-coolant over a wide range of initial power levels.

The specific objectives of the PBF/LLR Tests were to:*

(1) Exrmimentally evaluate the extent of cladding collapse and waisting that would be
expected to occur during tl e LOFT LOCA transients

; (2) Evaluate the effects of collapsed cladding and pellet-cladding interaction on the
mechanical response of the fuel rods subjected to subsequent power increases, long-term
precenditioning, and loss-of-coolant conditions

(3) Provide experimental data to bench mark the Fuel Rod Analysis Program (FRAP)
analytical model that will be used for requalification of the LOFT core.

The LLR tests were conducted within the in-pile tube (IPT), the test space located vertically in the center
of the PBF reactor core. The PBF loop coolant and blowdown systems allowed simulation of LWR
coolant conditions in the IPT and provided the subsequent blowdown capability. The test train, an
experimental support apparatus, positior.ed the test fuel rods in the core region of the IPT and provided
support for the test instrumentation. Each of the LLR tests was performed with four identical, separately
shrouded, LOFT design fuel rods with an active length of 0.914 m.

The LLR Test Series consisted of five individual tests, Tests LLR-SO, -3, -4, -4A, and -5. The first test,
Test LLR-SO, was a low power system operational test which provided a check of total system per-
formance. The next three tests, Tests LLR-3, 5, and -4, corresponded to the planned LOFT Tests L2-3,.

L2-5, and L2-4, respectively. The final test, Test LLR-4A, was included to complete the test series
objective of performing one test using deformed test fuel rods.

Each test sequence consisted of (a) a nonnuclear system heatup to establish test coolant conditions; (b) a
'

preblowdown nuclear operating period to calibrate the test fuel rods with the reactor core power, precondi-
tion the test fuel rods, and establish the required test fuel rod decay neat; and (c) a blowdown transient
which inc!uded a reflood simulation and was terminated by .4uench cooling of the test fuel. Blowdown was
initiated by opening the cold leg high-speed valves, which simulated a 200% double-ended cold leg break.

1W5 08I



This report presents the data from all nuclear and blowdown portions of the LLR tests in a form readily
usable by the nuclear community in advance of detailed analysis and inter,'retation. The data have been
subjected to a thorough review and categorized as qualified, restrained, trend, or failed data. The
blowdown transient data for each test are presented in Section IV and power calibration and precondition.
ing data plots are included on microfiche attached to the back cover of this report.

Section 11 of this report presents the system configuration, procedures, initial test conditions, and events '

that are specific to the LLR tests; Section lit provides brief descriptions of test instrumsntation; and
Section IV presents information necessary for data interpretation. Appendix A describes the methods used
in applying postlest corrective adjustments to the data and subsequent qualification; and Appendix B
presents a guide to the uncertainty associated with the data. .

.
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II. SYSTEM AND EVENTS FOR PBF/ LOFT LEAD ROD TESTS
_

The following system configuration, procedures, and events are specific to PBF/ LOFT Lead Rod Tests
-SO, -3, -4, -4A, and -5.

*
1. SYSTEM CONFIGURATION

The Power Burst Facility reactor, shown in Figure 1, consists of a uranium oxide driver core and . ntral
flux trap contained in an open tank reactor vesse'. A pressurized water coolant flow loop provides /ide
range of coolant conditions within the Hux trap test space.'

1.1 PBF Core

The PBF core is a right-circular annulus 1.3 m in diameter and 0.91 m in length, enclosing the vertical
flux trap which is 0.21 m in diameter. This core has been designed for steady-state and power burst opera-
tion. The core contains eight control rods for reactivity control during steady-state operation and four
transient rods for dynamic control during transient condi: ions. Each of the conirol and transient rods con-
sists of a stainless steel canister which contains a cylindrical annulus of boren carbide and is operated in an
air-filled shroud. A cutaway view of the PBF core is shown in Figure 2.

1.2 in-Pile Tube

An in-pile tube (IPT) fit 5 in the er 1 tral flux trap region and contains the test train assembly. The IPT is a.

thick-walled, Incon 1718, high st.crath pressure; tube designed to contain the steady-state operating
pressure ari pressure surges from any test fuel rod failures. Any conceivable failure of the test fuel during
the test (such as cladding failure, gross fuel melting, fuel-coolant interactions, feel failure propagation, fis-
sion product release, or metal-water reactions) can be safely contained by the PBF IPT without damage to

*

the driver core.

A radial cross section of the IPT in the reactor core area is shown in Figure 3. A Dow tube is positioned
inside the IPT to direct the coolant now. Coolant flow enters the top of the IPT above the reactor core and
Dows down the annulus between the IPT wall and the flow tube. The flow reverses at the bottom, passes up
through the test traia assembly, and exits above the reactor core at the IPT outlet. The flow tube consists
of an upper stainless steel section, a center zircaloy-2 section for neutron economy in the test fuel, and a
lower catch basket section for a heat sink and collection of fuel fragmi nts. A nitrogen gas annulus is pro-
vided between the IPT wall and aluminum ccre filler piece because of the temperature gradient between the
two.

1.3 Loop Coolant System

The loop coolant system provides cooling water to the IPT at controllable pressures, temperatures, and
flow rates which simulates the planned test conditions for the LOFT loss-of-coolant experiments. The
system includes a pressurizer, a pump, heat exchangers for removing the energy transferred to the coolant
by the test fuel, a flow control valve, acoustic filters and thermal swell accumulators to attenuate any
pressure surges from fuel failure, and electrical heaters to control the ir.let temperature. A measurement*

spool in the IPT inlet line provides measurements 'f preblowdown initial conditions.

1.4 PBF LOCA System
.

Simulation of a loss-of-coolant accident is provided by the PBF-LOCA system. A schematic of the
pressurized water leop and LOCA system is shown in Figure 4. The isolation and bypass valves are
actuated immediately prior to blowdown initiation to allow continued loop operation at normal condi. ions
through the bypass valve. Blowdown capability is provided by two blowdown lines tied into the IPT inlet

o
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and outlet lines (cold leg-IPT ia'a and hot leg-IPT outlet). Each line contains a measurement spool, two
quick opening and closing (>100 ms) blowdown valves, and two Henry nozzles which provide the break
plane and control the break flow rate and depressurization rate. The Henry nozzles, used in the LOFT lead
rod tests, were venturi type restrictors with throat diameters as tabulated in Table I.

A small line connects the hot and cold blowdown piping legs with a controllable valve which maintains
sufficient flow to keep the legs at a constant temperature prior to blowdown initiation. The sequencing of
valve operation during blowdown is controlled by a time sequential programmer in the PBF programming
and monitoring system. The PBF LLR test hardware includes a direct injection reflood capability at a con-
stant flow rate which simulates the LOFT LOCA transients. The reflood line utilizes water from the
quench system and injects it through the IPT top head, down the center of the test train hardware and into*

the lower plenum of the IPT. Following reflood injection, posttest cuench cooling is accomplished by
opening the quench valve, GB-LM-11-8, and closing valve GB-LM-11-18 and the cold leg blowdown valves
to permit coolant from the quench tank to enter the IPT. The quench tank is pressurized to 1.37 MPa by a
nitrogen gas system and heated to approximately 366 K. After the quench tank is emptied (about 60 s)i

coolant is pumped from the storage tank for up to four hours to maintain test rod cooling. The blowdown
header and tank collect and contain the coolant ejected from the IPT and piping during blowdown,
reflood, and quench cooling. Figure 5 presents an isometric of the PBF LOCA system showing relative
locations of major system components.

5
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1.5 Test Fuel Rods

The test assembly used in the LOFT lead rod tests consisted of four identical, separately shrouded PWR-
type unirradiated fue' rods positioned and supported in the IPT by the LLR test train hardware. Some of
the test rods were replaced between tests with a total of seven rods being used in the five LLR tests. The
geometry of the active length of the fuel rods is identical wi;h the LOFT fuel and LOFT cladding was util-
ized in their fabrication. The plenum pressure selected corresponds to the backfill pressure utilized for the

2LOFT Experiment Series L2 fuel rods. The fuel rod designations and the specific tests for which each rod
was used are described in Table II.

Table ill lists the design characteristics of the test fuel rods used in the LLR tests.

Each test fuel rod was encased within a circular flow shroud and attached as a unit to the test train hard- ,

ware. The test rods were rigidly secured at their top end and were free to expand axially downward. For
Tests LLR-S0 and -3, Rods 312-1 and 312-2 were encased in zircaloy-4 flow shrouds, end Rods 312-3 and
312-4 were encased in stainless steel shrouds which simulated the LOFT peripheral, low power rods. The
power ratio between the zircaloy-4 shrouded (high power) and the stainless steel shrouded (Iow power) rods

*
was 1.0 to 0.87. Rod 312-3, a low power, stainless steel shrouded rod failed during Test LLR-3 due to a
le'ak in the cladding. Both stainless steel shrouded rods were removed from the test train following Test
Li,R-3 because one low power rod in the test train does not accurately simulate the power ratio between the
LOFT center and peripheral rods. All subsequent tests used zircaloy-4 shrouded test rods exclusively. A
:ross section of the IPT and test train providing test rod and shroud geometry is shown in Figure 6.
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TABLE I

N0Z LE LOCATIONS AND DIAMETERS FOR LLR TESTS

Throat Diameter
Location Nozzle Designation (mm)

Hot leg FE-11-1-1 14.22
Hot leg FE-11-1-2 13.56-

Cold leg FE-LR-C-1 12.47
Cold leg FE-LR-C-2 23.90

.
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TABLE II

LOFT LEAD ROD TEST FUEL RODS

Rod Designation LLR Tests*

1 312-1 LLR-SO, -3, -5, -4

2 312-2 LLR-SO, -3, -5, -4, -4A
3 312-3 LLR-SO, -3,

4 312-4 LLR-SO , -3
5 345-1 LLR-5, -4, -4A
6 345-2 LLR-5, -4, -4A
8a 399-2 LLR-4A

a. Rod 7, designated 399-1, was a spare and was not used.

1.6 LLR Test Train
.

The LLR test train symmetrically positioned the test fuel rods in the driver core test space. An axial cross
section illustration of the LLR test train within the IPT is shown in Figure 7. During preblowdown steady-
state conditions, the coolant entered the IPT inlet where approximately 75To flowed upwards through a
controlled bypass to the upper plenum and out the IPT outlet. The remaining 25To of the coolant passed
downward outside the IPT flow tube to the lower plenum and then upward through the lower particle*

screen to the inlets of the four test rod flow shrouds. The lower support plate was designed to minimize
bypass flow outside the fuel rod shrouds to less than 2?o of the total test rod shroud flow. The coolant then
passed inside cach circular flow shroud, past each test fuel rod, and out through a check valve (to prevent
reverse fluid flow during blowdown events) to the common upper plenum region. This total experiment
flow then passed through the upper particle screen, mixed with the controlled bypass flow, and exited the
IPT.

To provide relative hydraulic volumes characteristic of the LOFT system, filler pieces were inserted in
the IPT exit volume, the upper plenum, and the downcomer region. The central hanger tube, which is zir-
caloy in the active core region, provided support for the test train components and an injection path for
reflood water into the lower plenum.

.

,
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TABLE III

PBF/ LOFT LEAD ROD TEST FUEL ROD DESIGN CHARACTERISTICS

.

Characteristic Nominal Value

Fuel

Material UO2
Pellet outside diameter (mm) 9.294 + 0.0127
Pellet length (mm) 15.24 + 0.635
Pellet enrichment (wt%) 9.5 + 0.5

Density (% theoretical density) 93.0 [1.5
Fuel stack length (m) 0.9144 + 0.0008
End configuration Dished
Burnup (mwd /t) 0

Center hole diameter (mm) 1.85 + 0.05 .

Insulator Pellet

Material A1023 .

Length (mm) 5.08 + 0.254
Diameter (mm) 8.89[0.05

Cladding

Material Zircaloy-4
Tube outside diameter (mm) 10.7 + 0.038
Tube inside diameter (mm) 9.48[0.038
Thickness (mm) 0.61
Overall length (m) 0.9906

Fuel Rod

3Plenum void volume (cm ) 2.95 + 5%
Filler gas Helium ~
Filler gas purity 94.9% He, 5% Ar, 0.1% impurities
Initial gas pressure (MPa) 0.1034

*

Diametral gap (mm) 0.191
Overall length (m) 0.9986

.
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2. EXPERIMENT CONDUCT

The LOFT Lead Rod Test Series consisted of five separate, four-rod tests designated as Tests LLR-SO,
LLR-3, LLR-4, LLR-4A, and LLR-5. Each test comprised three major phases: (a) heatup; (b) fuel precon-
ditioning, power calibration, and decay heat buildup; and (c) blowdown, reflood, and quench.

2.1 Heatup Phases*

Prior to nuclear operation, each of the five tests began with heatup of the IPT loop system and
establishing the coolant conditions of temperature, pressure, and flow necessary to perform the test.
During each heatup of the pressurized water coolant flow loop, the coolant chemistry requirements were,

adjusted and established within the following limits:

pH range 5 'I to 10.2
Specific conductivity 1.4 to 48 p S/cm
Dissolved oxygen < 0.1 ppm
Chlorides < 0.15 ppm
Total suspended solids < l.0 ppm

Instrumentation calibrations and status checks were also performed throughout the heatup phases. In
order to quantify flow leakages, and the controlled bypass and shroud bypass flows, the warmup line valve
was closed and the volumetric flow through the inlet spool was compared with the sum of the flow rates
through the four fuel rod shrouds in the test train. The controlled bypass flow was determined to be
approximately 270?o of the total steady-state shroud flow; very close to the intended 300Co. Coolant

'
leakage paths in the test train (which included the lower support plate, controlled bypass, and flow tube
seals) were calculated to be less than 10% of the total steady state shroud flow.

2.2 Fuel Preconditioning, Power Calibration, and Decay Heat
Buildup Phases*

Each of the five test blowdowns was preceded by several hours of nuclear operation with the experiment
at test conditions. Test fuel rod preconditioning was accomplished by several slow reactor power ramp
cycles which promoted fnel pellet cracking and relocation, and allowed the initiation of pellet-cladding
mechanicalinteraction to stabilize. During the slow power s amps, and at specific steady state power levels,
the individual test rod powers were calculated from a thermal balance using measurements of the coolant
pressure, inlet temperature, temperature increase across each test rod shroud, and the flow rate inside each
shroud. An axial peaking factor of 1.34 was used in the calculations of rod peak powers. This power
calibration portion served to calibrate the thermal-hydraulically determined test rod power with the reactor
neutron detector chambers and the self-powered neutron detectors (SPNDs) mounted on the test train. The
ramp rates used during this phase were similar to those that LOFT uses during Power Ascension
Experiment Series L2.

An uninterrupted period of nuclear operation at the approximate desired test rod power for blowdown
was performed immediately prior to the time of each blowdown initiation. This 2- to 3-hour period of con-
stant power operation was necessary to build up the decay heat in the rods to approximately 79 to 82% of
the maximum possible.*

2.3 Blowdown, Reflood, and Quench Phases

Driver core power at the t me of blowdown initiation for the LLR tests was controlled by the servo-i
,

controlled transient rods. Shutdown of the driver core, termed reactor scram, was accomplished by rapid
insertion (approximately 100 ms) of the control rods to their seat, or in-core position. The warmup line

' valve was manually closed just prior to blowdown initiation for all tests. Reflood was programmed to be
initiated well into the blowdown transients followed by quench m ling which terminated each test.

1405 050'3
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Table IV provides the reactor power reduction and valve sequencing times during the blowdown, reDood,
and quench phases of each test.

The following paragraphs describe the events particular to each of the five LLR tests:

Test LLR-S0
.

The LOFT lead rod test program was initiated with a low-power, nuclear blowdown system operating
test, Test LLR-SO. The blowdown was initiated on February 14,1979. This test provided the opportunity
to check system instrumentation, valve sequencing, system performance, and driver core controllability
during the transient. The preblowdown driver core power of 1.5 h1W was maintained 2 seconds into the ,

transient at which time it was decreased to 1.0 h1W using a 0.2-second ramp. Power was then maintained
at 1.0 h1W until the reactor was scrammed 20 seconds after blowdown initiation.

Test LLR-3

Test LLR-3 used the same test rods that were used in Test LLR-SO. The bicwdown for Test LLR-3 was
initiated on February 28,1979. Reflood was initiated 35 seconds into the transient and quench cooling at
166 seconds; this sequence was identical to that of Test LLR-SO. No abnormalities were noted with the
valve sequencing.

Test LLR-5

Two new unitradiated fuel rods were used in Test LLR-5. Blowdown was initiated on h1 arch 24,1979.
A two-second delayed reactor scram was used to attain higher cladding temperatures than those in -

Test LLR-3. Renood was initiated as programmed at 120 seconds; however, quench cooling failed to
initiate at 173 seconds. Test fuel quench was eventually accomplished by opening the loop isolation valves
300 seconds after initiation of blowdown.

.

Test LLR-4

On h1 arch 30,1979, blowdown was initiated for Test LLR-4. A delayed reactor scram of 2.6 seconds
was used to attain cladding temperatures that would result in uniform circumferential cladding collapse
and waisting of the cladding. At approximately 15 seconds into the transient the loop isolation valves
cycled open and shut, and the cold leg blowdown valves cycled shut and then opened. This abnormal
behavior continued intermittently for the remainder of the transient and invalidated test results beyond
15 seconds. Since the maximum mechanical deformation of the test fuel was expected to have occurred
during the first 12 seconds of the transient, the anomalous actuation of the isolation and blowdown valves
did not affect the primary test objectives.

Test LLR-4A

Test LLR-4A was performed to investigate the effect of power ramping and an additional blowdown on
three of he deformed test rods from Test LLR-4. The fourth test rod had been unirradiated prior to the
test. Blowdown was initiated on hiay 18, 1979. A delayed scram of 2.85 seconds was used to attain clad-
ding temperatures comparable to those attained in Test LLR-4. ReDood was initiated at 120 seconds into ,

the transient and quench cooling at 239 seconds. The system ie.rformed as programmed.

.

1403 051
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TABLE IV
.

BLOWDOWN EVENT SEQUENCE FOR LOFT LEAD ROD TESTS

Time after
initiation of
blowdown (s) Test LLR-50 Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-4A

-0.1 Loop bypass valve (CB-LM- Loop bypass valve (CB-LM- Loop bypass valve (CB-LM- Loop bypass valve (CP-IR- Loop bypass valve (CB-
11-7) opened and loop 11-7) opened and loop 11-7) opened and loop 11-7) opened and loop LM-11-7) opened and
isolation valves (CB- isolation valves (CB- isolation valves (CB- isolation valves (CB- loop isolation valves

LM-11-5,-6) closeda. IR-11-5,-6) closed. LM-11-5,-6) closed. IR-11-5,-6) closed. (CB-LM-11-5, -6) closed.

Blowdown Cold leg blowdown valves Cold leg blowdown valves Cold leg blowdown valves Cold leg blowdown valves Cold leg blowdown valves
initiation (CB-IR-11-3, -4) opened. (CB-LM-11-3, -4) opened. (CB-LM-11-3, -4) opened. (CB-LM-11-3, -4) opened. (CB-IR-11-3, -4) opened.

Reactor power maintained. Reactor scraussed. Reactor power maintained. Reactor power maintained. Reactor power maintained

2.0 Reactor power reduction Reacter scranused.
ramp to 1 MW initiated.

2.2 Reactor power at I W.
2.6 Reactor serasened.

Reactor scrammel.2.85

C 3.65 Cold leg blowdown valve Cold leg blowdown valve Cold leg blowdown valve Cold leg blowdown valve Cold leg blowdown valve

(CB-IR-11-4) closed. (CB-LM-11-4) closed. (CB-LM-11-4) closed. (CB-LM-11-4) closed. (CB-LM-11-4) closed.

15 Loop isolation valves
and cold leg blowdown
valves began abnormal
cycling which continued
for the remainder of the
transient.

20 Reactor scranuned.

22 Cold leg blowdown valve Cold leg blowdown valve Cold leg blowdown valve Cold leg blowdown valve

(CB-LM-11-4) opened. (CB-LM-11-4) and het leg (CB-LM-11-4) opened. (GB-LM-11-4) opened.
blowdown valve
(CB-LM-11-2) opened.

25 Cold leg blowdown valve Cold leg blowdown valve
(CB-LM-11-4) closed. (CB-IR-11-4) closed.y

35 Reflood initiated. Reflood initiated.

V
120 Reflood initiated. Reflood initiated.

CD
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TABLE IV (continued)

Time after
'#. initiation of

blowdown (s) Test LLR-SO
___,

Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-4A

166 Hot leg blowdown valves Hot leg blowdown valve
and quench valve opened; (08-LM-11 -1) and quench
cold leg blowdown valve va've opened; cold leg

(CB-LM-11-3) and cold blowac .alve (CB-LM-11-
leg shut off valve 3) and cold leg shut off

(C5-LM-11-18) closed. valve (C5-LM-11-18)
closed.r

173 Hot leg blevdown valves
opened; cold leg blow-
down valves (CB-LM-11-3,
-4) and cold leg shut off ,

valve (C8-LM-11-18) closed.
'

Quench flow was not
initiated as programmed.

239 Hot leg blowdown valves
and quench valve opened;
cold leg blowdown valves
(CB ' M-11-3, -4) and,,

ch
cold leg shut off valve
(CB-LM-11-18) closed.

300 Loop iso'stion valves
(GB-LM-11-5, -6) opened
to provide fuel quench.

The time required for the blowdown system valves to change states is =100 ms.a.
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111. INSTRUMENTATION AND MEASUREMENTS

Instrumentation for the LLR tests was designed to measure and record the important events that occur
prior to and during a LOCA test. The measurements presented in this report have been divided into four
instrumentation sections: (a) fuel rod, (b) test train, (c) spool piece, and (d) plant.

.

1. FUEL ROD INSTRUMENTATION

The test fuel rods were instrumented for measurements of internal gas pressure, cladding surface
temperature, fuel centerline temperature, plenum temperature, and cladding elongation. This instrumenta-,

tion is specified in the following description and the geometric orientation is shown in Figures 8,9, and 10
for Tests LLR-S0 and -3, LLR-5 and -4, and LLR-4A, respectively.

The measurement identifiers are included in parentheses and consist of 18 characters. The first eight
characters indicate the type of measurement and are followed by two blank spaces. Characters .I
through 18 uniquely identify the measurement by specifying its orientation, location, manufacturer, or
range.

(1) One molybdenum-rhenium sheathed. tungsten-rhenium thermocouple was located within
each test fuel rod to measure the fuel centerline temperature. The following ther-
mocouples were positioned axially at the center of the active fuel of Rods 312-2, 312-4,
and 345-2.

'

(TFCL3122 +.00TC02)
(TFCL3124 +.00TC04)
(TFCL3452 +.00TC06)

Thermocouples positioned 0.076 m above the center of the active fuel of Reds 312-1,-

312-3,345-1, and 399 2 were as follows.

(TFCL3121 +.08TC01)
(TFCL3123 +.08TC03)
(TFCL3451 +.08TC05)
(TFCL3992 +.08TC08)

(2) One stainless steel sheathed, magnesia insulated, Type K thermocouple was located at the
midplane of the upper plenum of each test fuel rod to measure the plenum gas
temperature. The measurement identifiers are as follows.

(PLNMTEMP 312-IR01)
(PLNMTEMP 312-2R02)
(PLNMTEMP 312-3R03)
(PI.NMTEMP 312-4R04)
(PLNMTEMP 345-1R05)
(PLNMTEMP 345-2R06).

(PLNMTEMP 399-2R08)

(3) Two titanium sheathed, magnesia insulated, Type K cladding surface thermocouples with
spaded junctions were installed on each of the test fuel rods except for Rod 345-2. A ther-,

mocouple was located 0.076 m above the active fuel center at 180-degree azimuthal orien-
tation (zero degrees is toward the test train center for all rods) on Rods 312-1, 312-2,
312-3,312-4, and 345-1. The following indicates the measurement identifiers used.

f405 054
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(CLAD 3121 + 0818001)
(CLAD 3122 +0818002)
(CLAD 3123 + 0818003)
(CLAD 3124 + 0818004)
(CLAD 3451 + 0818005)

*

The second thermocouple was located 0.076 m above the active fuel center at zero-degree
azimuthal orientation on Rods 312-1,312-3,312-4, and 345-1 except for Rod 312-2 where
it was positioned at the active fuel center. The following list indicates the measurement
identifiers used.

.

(CLAD 3121 + 0800001)
(CLAD 3122 +0000002)
(CLAD 3123 + 0800003)
(CLAD 3124 + 0800004)
(CLAD 3451 + 0800005)

Test Rod 399-2 had a thermocouple mounted at the active fuel center and Ifs 0-degree
azimuthal orientation (CLAD 3992 + 0018008).

and a second located 0.143 m below the active fuel center and zero degree-azimuthal
orientation (CLAD 3992 -1400008).

(4) One 3.45 MPa Kaman Sciences Corporation pressure transducer was mounted just above
each test fuel rod outside the shroud within a thermal shield to minimize temperature
effects. The transducers were attached to the fuel rod end caps with a 1.6-mm outside
diameter tube to measure the test fuel rod plenum pressure. The folloiving indicates the
measurement indentifiers used.

.

(RODPRESS 312-lR01)
(RODPRESS 312-2R02)
(RODPRESS 312-3R03)
(RODPRESS 312-4R04)
(RODPRESS 345-lR05)
(RODPRESS 345-2R06)
(RODPRESS 399-2R08)

(5) One EG&G Idaho, Inc. linear variable differential (LVDT) transformer was mounted
below each of the four test fuel rod positionsin the test train to measure the cladding axial
elongation of the test fuel rods. The following identifies the measurement identifiers' that
were used.

(LVDT ROD 312-1 01)
(LVDT ROD 312-2 02)
(LVDT ROD 312-3 03)
(LVDT ROD 312-4 04)'

(LVDT ROD 345-1 03)
(LVDT ROD 345-2 04)
(LVDT ROD 399-2 01)

,

2. TESTTRAIN INSTRUMENTATION

The test train hardware provided support for a variety of devices which measured the temperature,
pressure, and volumetric flow rates of the coolant within the IPT; the material tempe, sture of the test rod

21,
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shrouds; and the local neutron and gamma flux. The test train instrumentation is shown in Figure 11 and
specified in the following description. Figures 8,9, and 10 provide radial orientation of the thermocouples
associated with the test rod shrouds.

(1) A Chromel-Alumel, Type K thermocouple with stainless steel sheath and magnesia
insulation measured the coolant temperature at the inlet of each test rod shroud. The ther-
moccuple tip was located at the bottom of the active fuel stack, pointing downward, with -

the tip centerline standing away from the inside shroud surface 1.3 mm. The measurement
identifiers used are as follows.

(INLTTEMP 312-IR01) .

(INLTTEMP 312-2R02)
(INLTTEMP 312-3R03)
(INLTTEMP 312-4R04)
(INLTTEMP 345-IR05)
(INLTTEMP 345-2R06)
(INLTTEMP 399-2R08)

(2) A Chromel-Alumel, Type K thermocouple with stainless steel sheath and magnesia
insulatioc. e.casured the coolant temperature at the outlet of each test rod shroud. The
thermocouple tip was located at the top of the active fuel stack, pointing downward, with
the tip centerline standing away from the inside shroud surface 1.3 mm. The following
indicates the measurement identifiers that were used.

(OUT TEMP 312-IR01)
(OUT TEMP 312-2R02)
(OUT TEMP 312-3R03)
(OUT TEMP 312-4R04)
(OUT TEMP 345-IR05) -

(OUT TEMP 345-2R06)
(OUT TEMP 399-2R08)

(3) Three Chromel-Alumel, Type K thermocouples with stainless steel sheath and magnesia
insulation measured the coolant temperature near the active fuel midpoints of
Rods 312-1,312-3,345-1, and 399-2 only. The thermocouple tip centerlines were mounted
1.3 mm away from the inside shroud surface pointing dow'1 ward into the coolart flow.
One thermocouple was located at the center of the active fuel of each rcJ. The
measurement identifiers are as follows.

(MIDT3121 +.000R01)
(MIDT3123 +.000R03)
(MIDT3451 +.000R05)
(MIDT3992 +.000R08)

A second thermocouple was 0.152 m below the center of the active fuel of each rod. The
following indicates the measurement identifiers. ,

(MIDT3121 .152R01)
(MIDT3123 .152R03)
(MIDT3451 .152R05) ,

(MIDT3992 .152R08)

A third thermocouple was located 0.152 m above the center of the active fuel of each rod.
The following indicates the measurement identifiers used.

1405 05922
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(MIDT3121 +.152R01)
(MIDT3123 +.152R03)
(MIDT3451 +.152R05)
(MIDT3992 +.152R08)

(4) A pair of Chromel-Alumel, Type K thermocouples with stainless steel sheath and
magnesia insulation were positioned in the inlet and outlet of each test rod shroud, at 225- -

degree azimuthal orientation, to measure the coolant temperature rise across the test rod
length. The measurement identifiers are as follows.

(DELT3121225 R01) .

(DELT3122 225 R02)
(DELT3123 225 R03)
(DELT3124 225 R04)
(DELT3451225 R05)
(DELT3452 225 R06)
(DELT3992 225 R08)

An additional thermocouple pair mounted on test Rod 312-4 shroud at 135-degree
azimuthal orientation provided a second differen'ial temperature measurement for that
red (DELT3124135 RO4).

Failure of the differential temperature measurement for Rod 312-1 following
Tests LLR-S0 and -3 required the installation of additional thermocouples for
Tests LLR-5 and -4. A new thermocouple was installed in the outlet check valves of both
Rods 312-1 and 312-2. A new differential temperature measurement for each rod was then
produced by combining these new thermocouples with a common, existing inlet ther-
mocouple mounted on the lower support plate (this measurement,
BULKTEMP LOWSPTTT, was consequently lost for Tests LLR-5 and -4 only). The
new differential temperature measurements for Rods 312-1 and 312-2 were designated.

(DELT3121 CVSP R01)
(DELT3122 CVSP R02)

The duplicate measurement installed for Rod 312-2 was provided to allow performance
comparison between the new differential temperature measurement on Rod 312-1 and the
original configuration of the other test rods.

(5) Three Chromel-Alumel, Type K thermocouples with magnesia insulation and flattened
spade junctions were attached directly to the outside of each shroud of Rods 312-1,312-3,
345-1, and 399-2 to measure the material temperature of the shroud. Thermocouples
attached to the stainless steel shroud of Rod 312-3 used a stainless steel sheath whereas
those attached to the three zirconium shrouds used a titanium sheath with a tantalum bar-
rier at the weld junction. One thermocouple was located at the active fuel midplane of
each rod. The following indicates the measurement identifiers used.

(TSRD3121 +.000R0!)
(TSRD3123 +.000R03)
(TSRD3451 +.000R05)
(TSRD3992 +.000R08) ,

A second thermocouple was located 0.152 m below the active fuel midplane of each rod.
The measurement identifiers are as follows.

14n5 062
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(TSRD3121 .152R01)
(TSRD3123 .152R03)
(TSRD3451 .152R05)
(TSRD3992 .152R08)

A third thermocouple was located 0.152 m above the active fuel midplane of each rod.
The following indicates the measurement identifiers used.

,

(TSRD3121 +.152R01)
(TSRD3123 +.152R03)
(TSRD3451 +.152R05)-

(TSRD3992 +.152R08)

(6) Six Chromel-Alumel, Type K thermocouples were mornted adjacent to the test train
hanger rod and center tie rod to measure bulk coolant temperature throughout the IPT.
These thermocouples were mounted with the tip 10 thermocouple diameters from the
nearest sheath attachment, the tip centerline standing away from the hanger rod 3.2 mm,
and the tip pcinting downward. The lowest of the six thermocouples was located within
the catch basket in the lower plenum (BULKTEMP CATCHBTT).

A second thermocouple extended a short distance below the lower support plate in the
lower plenum (BULKTEMP LOWSPTTT).

The third thermocouple was positioned at the midplane of the active fuel in the bypass
,

volume outside the test rod shrouds (BULKTEMP VOLBYPTT).

The fourth thermocouple was positioned 51 mm above the test fuel rod shroud outlets

(BULKTEMP SRDOUTTT).
.

The fifth thermecouple measured the coolant temperature in the area of the controlled
bypass inlet and was located about 60 mm below this inlet (BULKTEMP CONTBYTT).

The uppermost thermocouple was positioned opposite the outlet of the IPT
(BULKTEMP IPTEXTTT).

(7) A 17.2-MPa EG&G Idaho, Inc. strain post pressure transducer was mounted within the
catch basket to sneasure the coolant inlet pressure of the lower plenum
(PRESSURE ECATCHTT).

(8) A 17.2-MPa EG&G Idaho, Inc. strain post pressure transducer and a 17.2-MPa Kaman
Sciences Corp. eddy current pressur,: transducer were mounted side by side just above the
test fuel rod shroud outlet check valves to measure coolant outlet pressure above the top
support plate. The measurement identifiers used are as follows.

(PRESSURE ETOPSPTT)
(PRESSURE KTOPSPTT)*

(9) A 69-MPa EG&G Idaho, Inc. strain post pressure transducer was mounted within the
catch basket to measure the maximum overpressure in the lower plenum
(PRESS-HI ECATCHTT).=

(10) A Flow Technology, Inc. bi-directional turbine flowmeter is mounted above and below
each test fuel rod within the flow shroud to measure the inlet and outlet volumetric flow

- 1405 063
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rates of each test fuel rod shroud. The identifiers provide azimuthal orientation within the
test train with the north position corresponding to zero degrees. The following indicates
the measurement idemifiers used.

(TURB3121 UP000N01)
(TURt33121 LO000N01)
(TURB3122 UP180N02) -

(TURB3122 LOl80N02)
(TURB3123 UP090N03)
(TURB3123 LOO 90N03)
(TURB3124 UP270N04)

,

(TURB3124 LO270N04)
(TURB3451 UP090N03)
(TURB3451 LOO 90N03)
(TURB3452 UP270N04)
(TURB3452 LO270N04)
(TURB3992 UP000N01)
(TURB3992 LO000N01)

(1I) One Flow Technology, Inc. turbine flowmeter measured the volumetric flow rate within
tne controlled bypass piping (TURBINEM CONTBYTT).

(12) Seven Reuter-Stokes cobalt, self-powered neutron detectors (SPNDs) were installed in a
vertical coLmn 3.49 cm radially from the test train center and at 135-degree test train
azimuthal orientation, to measure the relative neutron flux. The centers of the active por- -

tion of each SPND were axially located at 0.343,0.228, and 0.142 m above the active fuel
midplane; at the active fuel midplane; and 0.114,0.228, and 0.343 m below the active fuel
midplane. The following measurement identifiers were used.

.

(NEUTFLUX +.343 TT)
(NEUTFLUX + .228 TT)
(NEUTFLUX + .142 TT)
(NEUTFLUX +.000TT)
(NEUTFLUX .ll4 TT)
(NEUTFLUX .228 TT)
(NEUTFLUX .343 TT)

(13) Three Reuter-Stokes platinurn gamma flux detectors were installed in a vertical column
3.49 cm radially from the test train center and at 315-degree test train azimuthal orienta-
tion, to measure the relative gamma flux. The detectors were axially located 0.228 m
above the active fuel midplane, at the active fuel midplane, and 0.228 m below the active
fuel midplane. The measurement identifiers used are as follows.

(GAMMAFLX + .228 TT)
(GAMMAFLX + .000 TT)
(GAMMAFLX .228 TT) ,

3. MEASUREMENT SPOOLINSTRUMENTATION

The three measurement spools provided additional initial conditions and blowdown instrumentation
'which further characterized the blowdown coolant variables of pressure, temperature, velocity, and den-

sity in the lines leading to the Henry nozzle break planes. Schematics of the measurement spools showing
associated instrumentation positions are provided in Figures 12 and 13. Instrumentation for the

measurement spools igdescribed as follows:

.
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(1) A Rosemount Company resistance temperature detector was installed in each spool piece
to measure the steady state preblowdown temperature of the coolent in each spool. The
following measurement identifiers were used.

(ICSSTEh1P TE20 SPIC)
(CL5STEh1P TE22SPCL),

(HLSSTEh1P TE23SPHL)

(2) A enmac Corporation Typ. K ribbon thermocouple was installed in each spool piece to
measure the coolant temperature during the blowdown transient. The measurement
identifiers used are as follows.

(ICTCTEh1P TE21 SPIC)
(CLTCTEh1P TE24SPCL)
(HLTCTEh1P TE25SPHL)

(3) A Precise Sensors flush mounted pressure transducer was installed on each spool piece to
measure the subcooled decompression transients. The following measurement identifiers
were used.

(ICPRESSF PE08 SPIC)
(CLPRESSF PE10SPCL)
(HLPRESSF PE12SPHL)

,

(4) A Precise Sensors water-cooled, stand-off mounted pressure transducer was installed on
each spool piece to measure the preblowdown and satred decompression coolant
pressures. The measurement identifiers used are as follows.

'

(ICPRESSW PE09 SPIC)
(CLPRESSW PEllSPCL)
(HLPRESSW PEl3SPHL)

(5) A BLH Electronics pcessure difference transducer was connected to both blowdow,
spools to measure the coolant pressure differential from the hot leg to the cold leg
blowdown piping (DELPCLHL DPE-05HL).

(6) A Flow Technology, Inc. unidirectional, full flow turbine flowmeter was installed in each
spool piece to measure preblowdown coolant velocity within the inlet spool, and
blowdown velocities from the IPT in the hot and cold leg spools. The following
measurement identifiers were used.

(ICSVFLOW FE05 SPIC)
(CLSVFLOW FE06SPCL)
(HLSVFLOW FE09SPHL)

*

(7) A Ramapo Instrument Co., Inc. drag disk installed in each blowdown spool measures the
coolant momentum flux during the transient. It was positioned in the center of the flow
area and intercepted approximately 12% of the flow area. The measurement identifiers
used are as follows.

.

(CLN10N1FLX FE07SPCL)
(HLh10h1FLX FE08SPHL)

(8) An EG&G Idaho, Inc. three-beam gamma densitometer measured the coolant density
within both the cold and hot leg spool pieces. The densitometers use the attenuation of

'
. .- .
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gamma rays from a Cesium-137 source to sense the density of fluid within the blowdown
spool. The three beams traverse the upper, center, and lower parts of the horizontal spool
pieces as shown in Figures 14 and 15. The following indicates the measurement identifiers
used.

(CLDENSUP DENSIUCL)
(CLDENSCE DENSICCL) '

(CLDENSLO DENSILCL)
(HLDENSUP DENS 2UHL)
(HLDENSCE DENS 2CHL)
(HLDENSLO DENS 2LHL) -

,
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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. The measurement identifiers used are as follows.

(CLDENAVE DENSI CL)
(HLDENAVE DENS 2 HL).

In the two blowdown spools the flow regime can be considered homogeneous in e.ast cases. The fluid is -
made homogeneous by flow dispersing screens located in the inlet section of the rpool pieces. These screens
are designed to remove Guid swirl caused by upstream piping and then disperse and homogenize the fluid.

,

At low velocities and high void fractions, the now will degenerate into a stratified state which introduces
significant flow regime errors in the data presented.

31



4. PLANTINSTRUMENTATION

The plant instrumentation included measurement of the PBF driver core power, fission products in the
ext crimental loop, and the reDood volumetric Dow rate. lonization chambers sensitive to gamma and
neutron radiation provided reactor power, and their locations are shown in the driver core cross section,
Figure 16. The fission product detection system withdrew a continuous sample stream from the coolant

'
loop near the IPT outla and monitored the sample for fission products which would indicate test rod
failure. The coolant transit time from the IPT to the detector locations was approximately 2 minates. The
plant instrumentation is specified in the following description.

(1) One 2.5- by 3.8-cm Nal crystal gamma ray detector was used to determine the gross -

gamma count rate in the sample line before, during, and after fission product release. The
output from this detector was fed into two single channel analyzers. One analyzer
measured the gamma-ray intensity in the 150- to 3400-key energy range
(FPDSGAMA NUM OlFP)

and the other in the 3400- to 6300-kev energy range (FPDSG AM A NUM 03FP).

(2) One 7 6- by 7.(-cm Nal crystal gamma ray detector did not view .he ssmple stream but
measured the rifectiveness of the detector enclosure sh'elding against direct reactor radia-
tion. This detector measured the gamma-ray intensity in the 150- to 6300-kev energy range
(FPDSGAMA NUM 02FP).

One BF delayed neutron detector was used to detect delayed neutrons in the sampic(3) 3 ,

stream (FPDSNEUT NEUTRNFP).

(4) Two Flow Technolcgy, Inc. turbine flowmeters were installed in the parallel portion of
the reDood line to measure the volumetric reDood flow rate through the two control
valves. The following indicates the measurement identifiers used. '

(REFLDSYS FLO 01PT)
(REFLDSYS FLO O2PT)

(5) Two Westinghouse Electric Corporation, WX-31994, ionization chambers installed in the
west and east corners of the PBF driver core measured the steady-state reactor power. The
measurement identifiers used are as follows.

(REACTPOW PPS-OlPT)
(REACTPOW PPS-02PT)

.

,
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IV. DATA PRESENTATION .

The data from the LLR Tests are presented with brief comment. The processing analysU has besn per-
formed only to the extent necessary to obtain appropriate engineering units and to ensure that the data are
reasonable and consistent. All the data in this report were subjected to a thorough review by comparing
instrument channel outputs with duplicate measurements, calculated variable values, initial conditions, ,

and pre- and postealibration results. Appendix A describes tl= methods used to determine the adjustments
that have been applied to the presented data and provides the basis for categorizing the data as fo"ows:

(1) Qualified engineering unit data (QEUD) - qualified to rcpresent the variable being
measured within specified uncertainty limits -

(2) Restrained data - appear reasonable but are not within uncertainty limits, or data are not
available from an independent channel for comparison

(3) Trend data - are suitable for illustrative purposes 'out proba'oly not for numerical analysis

(4) Failed data - are irretrievable due to a transducer, signal conditioning, or data channel
failure or inadequate rejection cf extraneous noise, transients, or frequencies.

All detector 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:

(1) de to 10 Hz
.

(2) de to 100 Hz

13) de to 5 kHz
.

( '.) de to 20 kHz.

Table V lists all the measurements included in this report and specifies the measurement location, the
type of detector, the detector range and frequency response, and the PBF/DARS recording range and
bandwidth. Table VI lists the qualification category of the data and references the measurement to the
c;.rresponding figure for each test.

The data graphs, Figures 17 through 533, for the blowdown portions of the five tests are presented on
the subsequent pages of this report. Time zero for the blowdown data is the time of blowdown initiation
(that is, the time when the cold leg blowdown valves first begin to open). The power calibration and
preconditioning data are included on microfiche which is attached to the back cover of this report. The
time of blowdown on these plots varies for each test as follows:

Blowdown Initiation
(hours after start of
power calibration)

Test LLR-S0 31.5
,

Test LLR-3 26.5
Test LLR-5 16.7
Test LLR-4 12.3
Test LLR-4A 13.3

i

The scales selected for the graphs do not reflect the obtainable resolution of the data.

Appendix B discusses the analysis of the data which provides a guide to the uncertainty associated with
rpeasurements in the PBF system.

'
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TABLE V.

TEST LLR INSTRUMENTATION

-

Range * Frequency Response *

Data Acquisition Data Acquisition
Detector Location and Ccaments" ,_

Detector System Detector System
Peasurement

Fuel Rod

TFCL3121 +.08TC01 Tur.gsten-rhenium thermocouple within Rod 312-1, 0.076 m 146 to 2920 K 280 to 2500 K 350 Hz 10 Ha

above active fuel center to measure fuel centerline
temperature.

TFCL3122 +.00TC02 Rod 312-2, at the active fuel center. 349 to 2893 K
TFCL3123 +.08TC03 Rod 312-3, 0.076 m abcve the active fuel center. 352 to 2895 K
TFCL3124 +.00TC04 Rod 312-*, at the active fuel center. 344 to 2873 K
TrCL3451 +.08TC05 Rod 345-1, 0.076 m above the active fuel center. 340 to 2902 K
TF CL3452 +.00TCU6 Rod 145-2, at the active fuel center. 348 to 2905 K
TFCL3992 +.06TC08 Rod 399-2, 0.076 m above the active fuel center. 346 to 2920 K

PLNMTEMP 312-1R01 Type K thermocouple at the midplane of the upper plenum 273 to 1309 K 280 to 1530 K >8 Hs 10 Hz

of Rod 312-1 to measure the plenum gas temperature.
La P LNMTEMP 312-2R02 Rod 312-2.
La PLNMTEMP 312-3R03 Rod 312-3.

P LNMTEKP 312-4R0* Rod 312-4.
PLNMTEMP 345-1R05 Rod 345-1.
PLNMTEMP 345-2R06 Rod 345-2.
P LN MTEMP 399-2R08 Rod 399-2.

CLAD 3121 +0818001 Type K thermocouple on Rod 312-1 cladding surface 0.076 m 273 to 1309 K 280 to 1530 K 350 Hz 10 Ha
above the active fuel center and 1800 orientation, to

measure cladding temperature.
0 orientation.CLAD 3121 +0800001 Rod 312-1, 0.076 m and 0

CLAD 3122 +0818CO2 Rod 312-2, 0.076 m and 1800 orientation.
CLAD 3122 +0000002 Rod 312-2, at the active fuel center and 00 orientation.
CLAD 3123 +0818003 Rod 312-3, 0.076 m and 1800 orientation.
CLAD 3123 +0800003 Rod 312-3, 0.076 m and 00 orientation.
CLAD 3124 +0819004 Rod 312-4, 0.076 m and 1800 orientation.

,,,,,
CLAD 3124 +0800004 Rod 312-4, 0.076 e and 00 orientation.

02* CLAD 3451 +0818005 Rod 345-1, 0.076 m and 1800 orientation.
.;["? CLAD 3451 +0P00005 Rod 145-1, 0.076 m and CS orientation.

CLAD 3992 +0018008 Rod 399-2, at the active fuel center and 1800 orientation.
( 73 CLAD 3992 -l',00008 Rod 399-2, 0.143 m below the active fuel center and 00

orientation.

O
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TABLE V (continued)
,

Range" Frequency Response"

Data Acquisition Data Acquisition
,

Measurement Detector Location and Comments Detector System Detector System

RODPRESS 312-lR01 Pressure transducer connected to Rod 312-1 endcap to O to 3.4 MPa O to 1.34 KPa 58 kHz 10 Ha
measure plenum pressure.

RODPRESS 312-2R02 Rod 312-2.
RODPRESS 312-3R03 Rod 312-3.
RODPRESS 312-4R04 Rod 312-4.
RODPRESS 345-1R05 Rod 345-1.
RODPRESS 345-2R06 Rod 345-2.
RODP RESS 399-2R08 Rod 399-2.

LVDT ROD 312-1 01 Linear variable differential transformer mounted under -12.7 to 12.7 mm -12.7 to 12.7 mm 3.5 kHz 10 Hz
Rod 312-1 in the north Number 1 position to measure the
cladding axial elongation.

LVDT ROD 312-2 02 Rod 312-2 in the south Number 2 position.

LVDT ROD 312-3 03 Rod 312-3 in the east Number 3 position.

LVDT ROD 312-4 04 Rod 312-4 in the west Number 4 position.

LVDT ROD 345-1 03 Rod 345-1 in the east Number 3 position.
LVDT ROD 345-2 04 Rod 345-2 in the west Number 4 position.

La LVDT ROD 399-2 01 Rod 399-2 in the north Number 1 position.
@

Test Train

INLTTEMP 312-1R01 Type K thermocouple in shroud inlet of Rod 312-1 at the 273 to 1309 K 280 to 1530 K > 8 Hz 10 Hz
bottom of the active fuel stack to measure the shroud
coolant inlet temperature.

INLTTEMP 312-2R02 Rod 312-2.
TNLTTEMP 312-3R03 Rod 312-3.
INLTTEMP 312-4R04 Rod 312-4.
INLTTEMP 345-!R05 Rod 345-1.
INLTTEMP 345-2R06 Rod 345-2.
INLTTEMP 399-2R08 Rod 399-2.

OUT TEMP 312-lR01 Type K thermocouple in shroud outlet of Rod 312-1 at the 273 to 1309 K 280 to 1530 K > 8 Hz 10 Hz
top of the active fuel stack to measure the shroud
c oolan t outlet temperature.

OUT TEMP 312-2R02 Rod 312-2.
OUT TEMP 312-3R03 Rod 312-3.
OUT TEMP 312-4R04 Rod 312-4.
DUT TEMP 345-1R05 Rod 345-1.
OUT TEMP 345-2R06 Rod 345-2.
DUT TEMP 399-2R08 Rod 399-2.

-
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TABLE V (continued)

Frequency Response'*
Range

Data Acquisition Data Acquisition

Mea s ure me nt Detector Location and Comments Detector System Detector System,

MIDT3121 +.000R01 Type K thermocouple in the shroud coolant of Rod 312-1 273 to 1309 K 280 to 1530 K >8 Hz 10 Hz

at the active fuel center to measure the sLroud coolant
middle temperature.

MIDT3121 .152R01 Rod 312-1, 0.151 m below the active fuel center.

MIDT3121 +.152R01 Rod 312-1, 0.152 m above the active fuel center.
MIDT3123 +.000R03 Rod 312-3, at the active fuel center.

MIDT 3123 .152R03 Rod 312-3, 0.152 m below the active fuel center.

MIDT3123 +.152R03 Rod 312-3, 0.152 m above the active fuel center.
M1DT3451 +.000R05 Rod 345-1, at the active fuel center.

MIDT3451 .152R05 Rod 345-1, 0.152 m below the active fuel center.

MIDT3451 +.152R05 Rod 345-1, 0.152 m above the active fuel center.
MIDT3992 +.000R08 Rod 399-2, at the active fuel center.

MIDT3992 .152R08 Rod 399-2, 0.152 m below the active fuel center.

MIDT3992 +.152R08 Rod 399-2, 0.152 m above the active fuel center.

DELT3121 225 ROL A pair of Type K thermocouples in the inlet and outlet -23 to 23 K -30 to 30 K >8 Hz 100 Hz

of Rod 312-1 shroud, at 2250 orientation, to measure
the coolant temperature differential.to

'd DELT 3122 225 R02 Rod 312-2 at 2250 orientation.
DELT 3123 225 R03 Rod 312-3 at 2250 orientation.
DELT3124 225 R04 Rod 312-4 at 2250 orientation.
DELT3124 135 R04 Rod 312-4 at 1350 orientation.
DELT 3451 225 R05 Rod 345-1 at 2250 orientation.
DELT3452 225 R06 Rod 345-2 at 2250 orientation.
DELT 3992 225 ROS Rod 399-2 at 2250 orientation.
DELT3121 CVSP ROI A pair of Type K thermocouples, one in the check valve

of Rod 312-1 shroud and one near the test train lower
support plate to measure the coolant temper ature
differential.

DE LT3122 CVSP R02 Rod 312-2.

TS RD3121 +.000R01 Type K thermocouple attached to the outaiJe of Rod 312-1 273 to 1309 K 280 to 1530 K 350 Hz 10 Hz

shroud at the active fuel center to measure the shroud
material temperature.

TS RD 3121 .152R01 Rod 312-1, 0.152 m below the active fuel center.
- ** TSRD3121 +.152R01 Rod 312-1, 0.152 m above the active fuel center.

TS RD 3123 +.000R03 Rod 312-3, at the active fuel center.,gy,
TSRD1123 .152R03 Rod 312-3, 0.152 m below the active fuel center.

(25) TS RD3123 +.152R03 Rod 312-3, 0.152 m above the active fuel center.
(_ T1 TSRD3451 +.000R05 Rod 345-1, at the active fuel center.
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TABLE V (continued)

Range Frequency Response"

Data Acquisition Data Acquisition,
Measurement Detector Location and Comments Detector System Detector System

TSRD3451 .152R05 Rod 345-1, 0.152 m below the active fuel center. 273 to 1309 K 260 to 1530 K 350 Hz 10 Hz
TS RD 3451 +.152R05 Rod 345-1, 0.152 m above the active fuel center.
TSRD3992 +.000R08 Rod 399-2, at the active fuel center.
TS RD3992 .152R08 Rod 399-2, 0.152 m below the active fuel center.
TSRD3992 +.152R08 Rod 399-2, 0.152 m above the active fuel center.

BULKTEMP CATCHBTT Type K thermocouple in the test traia coolant in the 273 to 1309 K 280 to 1530 K >8 Ha 10 Hz
catch basket to measure bulk coolant temperature.

BULKTEMP LOWSPTTT Below the lower support plate.
BULKTEMP VOLBYPTT At the active fuel center in the shroud bypass volume.
BULKTEMP SRDOUTTT Above the test rod shroud outlets.
BULKTEMP CONTBYTT Adjacent to the controlled bypass inlet.
BULKTEMP IPTEXTTT Opposite the outlet of the in pile tube.

PRESSURE ECATCHTT EG&G Idaho, Inc. strain post pressure transducer mounted 0 to 17.2 MPa O to 17.2 MPa e350 Hz 10 Hz
within the catch basket to measure test train coolant
pressure.

La PRESSURE ETOPSPTT EG&G Idaho, Inc. strain post pressure transducer mounted
above the shroud outlets to measure coolant pressure above
the top support plate.

PRESSURE KTOPSPTT Kaman Sciences Corp. eddy current pressure traasducer 0 to 17.2 MPa O to 17.2 MPa 58 kHz 100 Hz
mounted above the shroud outlets to measure coolant
pressure above the top support plate.

PRESS-HI ECATCHTT High-range, EG&G Idaho, Inc. strain post pressure O to 41.4 MPa O to 68.9 MPa >350 Hz 10 Hz
transducer mounted within the catch basket to measure
test train coolant over pressure.

TURB3121 UP000N01 Bi-directional turbine flowmeter mounted above Rod 312-1 -0.9 to 0.9 1/s -2.5 to 2.5 1/s 117 H'z 5 kHz
in the 00, Number 1 test train position to measure the
shroud volumetric outlet flow rate.

TURB3121 LOOOON01 Below Rod 312-1 in the 00, Number 1 position inlet.
TURB 3122 UP180N02 Above Rod 312-2 in the 180 , Number 2 position outlet.
TURB3122 L0180N02 Below Rod 312-2 in the 1800, Number 2 position inlet.
TURB3123 UP090NO3 Above Rod 312-3 in the 900, Number 3 position outlet.
TURB312 3 LOO 90NO3 Below Rod 312-3 in the 900, Number 3 position inlet.
TURS3124 UP270N04 Above Rod 312-4 in the 2700, Number 4 position outlet.

0TURB3124 LO270N04 Below Rod 312-4 in the 270 , Number 4 position inlet.
TUR B3451 UP090NO3 Above Rod 345-1 in the 900, Number 3 position outlet.
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TABLE V (continued)*

Range" Frequency Response *

Data Acquisition Data Acquisition
,

Measurement Detector Location and Comments Detector System Detector System

TURB3451 LOO 90NO3 Below Rod 345-1 in the 900, Number 3 position inlet. -0.9 to 0.9 1/s -2.5 to 2.5 1/s 117 Hz 5 kHz
TURB3452 UP270N04 Above Rod 345-2 in the 2700, Number 4 position outlet.

TURB3452 LO270N04 Below Rod 345-2 in the 2700, Number 4 position inlet.

TURB3992 UP000N01 Above Rod 399-2 in the 0 , Number 1 position outlet.0

TURB 399 2 L0000N01 Below Roi 399-2 in the 00, Number 1 position inlet.

TURBINEM CONTBYTT Bi-directional turbine flowmeter mounted inside the -12 to 12 1/s -12 to 12 1/s 117 Hz 20 kHz
controlled bypass piping to measure volumetric flow rate.

NEUTFLUX +.343 TT SPND pounted on test train 0.343 m above the active fuel 10-II to 10-3 A 10-II to 10-3 A >7 Hz 10 Hz
center to measure relative neutron flux.

NEUTFLUX +.288 TT 0.228 m above the active fuel center.
NEUTFLUX +.142 TT 0.142 m abtee the active fuel center.
NEUTFLUX +.000 TT At the active fuel center.
NEUTFLUX .114 TT 0.114 m below the active fuel center.
NEUTFLUX .228 TT 0.228 m below the active fuel center.
NEUTFLUX .343 TT 0.343 m below the active fuel center.

t.a

GAMMAFLX +.228 TT Camma flux detector mounted on test train 0.228 m 10-II to 10-3 A 10-II to 10-3 A >7 Hz 10 Hz43

above the active fuel center to measure relative
gamma flux.

CAMMAFLX +.000 TT At the active fuel center.

GAMMAFLX .228 TT 0.228 m below the active fuel center.

Me a s ure men t S pool

ICSSTEMP TE20 SPIC Resistance temperature detector in the initial condition 273 to 968 F. 280 to 766 K >1.75 Hz 10 Hz
'spool to measure steady state preblowdown coolant

temperature.
CLSSTEMP TE22SPCL In the cold leg spool

HLSSTEMP TE23SPHL in the hot leg spool.

ICTCTEMP TE21 SPIC Type K ribbon theraccouple in the initial condition spool 280 to 1530 K 280 to 1530 K >8 Hz 100 Hz
to measure transien'. coolant teuperature.

CLTCTEMP TE24SPCL in the cold leg spcol.

MLTCTEMP TE25SPHL In the hot leg spool.s

"N;" ICPRESSF PE08 SPIC Flush mounted pressure transducer in the initial 0 to 34.5 MPa 0 to 20.7 MPa 23.3 kHz 10 Hz

C[[> condition spool to measure the subcooled decompression
(,) t transients.
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TABLE V (continued)

Range * Frequency Response *

Data Acquiaition Data Acquisition
,

Measurement Detector Location and Comments Detector System Detector System

CLPRESSF PELOSPCL in the cold leg spool.

HLPRESSF PE12SP HL In the hot leg spool. O to 20.7 HPa

ICPRESSW PE09 SPIC Water-cooled, stand off mounted pressure transducer in 0 to 20.7 HPa 0 to 20.7 MPa 23.3 kHz 100 Hz
the initial condition spool to measure the preblowdown
and sat urated coolant pressures.

CLPRESSW PEllSPCL In the cold leg spool.
HLPRESSW PE13SPHL in the hot leg spool.

DELPC LHL DPE-05HL Pressure difference transducer to measure the delta O to 0.35 MPa 0 to 0.7 MPa 350 Hz 100 Hz
pressure between the hot leg and cold leg spool pieces.

ICSVFLOW FE05 SPIC Unidirectional turbine flowmeter in the initial condition 0.04 to 6.5 1/s 0 to 10 1/s > 3.5 Hz 5 kHz
spool to measure volumetric flow rate.

CLSV FLOW FE06SPCL In the cold leg spool. 0.02 to 48.5 1/s
HLSV FLOW FE09SPHL In the hot leg spool. 0.02 to 49.1 1/s

.

0
{3 CLMOMFLX FE07SPCL Drag disk in the cold leg spool to measure coolant 0 to 1.6 x 104 0 to 1.6 x 10 87.5 Hz 5 kHz

momentum flux. kg/m s2 kg/m s2
HLMOMFLX FE08SPHL in the hot leg spe41.

CLDENSUP DENSIUCL Gamma detector in the Number 1 densitometer to measure O to 1000 kg/m3 0 to 800 kg/m3 > 2 Hz 100 Hz
the coolant density along the upper beam in the cold leg
spool.

CLDENSCE DENSICCL Center beam.
CLDENSLG DENSILCL Lower beam.
CLDENAVE DENSI CL Calculated parameter providing total average density over

the cold leg spool piece cross section.
3 3

HLDENSUP DENS 2URL Camma detector in the Number 2 densitometer to measure O to 1000 kg/m 0 to 800 kg/m >2 Hz 100 Hz
the coolant density along the upper beam in the hot leg
spool.

HLDENSCE DENS 2CHL Center beam.
HLDENSLO DENS 2 LHL Lower beam.
HLDENAVE DENS 2 HL Calculated parameter providing total average density over

the hot leg spool piece cross section.
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TABLE V (continued)

Range" Frequency Response *
,

Data Acquisition Data Acquisition
,

Measurement Detector Location and Counsents Detector System Detector System

Plant

REFLDSYS FLO OIPT Turbine flowmeter in the Number I reflood supply line O to 0.2 1/s 0 to 0.2 1/s >3.5 Hz 100 Hz
to measure the volumetric reflood flow rate, j

REFLDSYS FLO 02PT la the parallel Number 2 reflood supply liae. O to 1.6 1/s 0 to 1.6 1/s

REACTPOW PPS-OlPT lonization chamber installed in the west corner of 0 to 28 MW D to 28 MW Not 10 Hz
the PSF driver core to measure reactor power. Available

a'ACTPOW PPS-02PT in the east corner.

ces 10 to 106FFDSCAMA NUM OlFP Nat crystal ganuma ray detector in the fission product 10 to 106 ces Sample 5 Ha
detection system to measure gamma-ray intensity of the stream delay
loop coolant in the 150- to 3400-kev energy range. 2 minutes

FPDSCAMA NUM 03FP in the 3400- to 6300-kev energy range.
FPDSCAMA NUM O2f? Measured direct reactor radiation in the 150- to 6300-kev

energy range for background purposes.
FPDSNEUT NEUTRMFP BF3 delayed neutron detector to detect delayed neutrons

in the loop coolant.g
.

a. Statements at the beginning of a measurement category regarding location and cor ents, range, and frequency response apply to all subsequent
measurements unless specified otherwise.
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4 TABLE VI

TEST LIR DATA PRESENTATION AN

Test LLR-50 Test LLR-3 Test LLR

Preblowdown' Blowdown Preblowdown Blowdown Preblowdown

Microfiche Microfiche - Microfiche

Measurement Address Qualification Figure Qualification Address Qualification Figure Qualifisation Address Qualification

Fuel Rod

b b D bTFCL3121 +.08TC01 51 Trendb 17,18 Trend B4 Trend 135,136 Trend E7 Trend
137,138 Trend F7 Trendbbb C4 TrendbTFCL3122 +.00TCO2 C1 Trendb 19,20 Trend

TFCL3123 +.08TCO3 Failed Failed Failed Failed --

TFCL3124 +.00TC04 D1 Qualified 21,22 Trendb D4 Trende Failedd
TFCL3451 +.08TC05 -- -- -- -- C7 Qualified
TFCL3452 +.00TC06 - -- -- - H7 Qualified
TFCL3992 +.08TC08 - -- -- -- --

PLNMTEMP 312-iR01 El Qualified 23 Qualified E ". Qualified 139 Qualified 17 Qualified
P'JiMTEMP 312-2R02 F1 Qualified 24 Qualified F4 Qualifis 140 Qualified J7 Qualified
F1EMTEMP 312-3R03 Cl Qualified 25 Qualified G4 Qualified 141 Qualified --

PLNMTEMP 312-4R04 HI Qualified 26 Qualified H4 Qualified 142 Qualified --

PIEMTEMP 345-1R05 -- - -- -- K7 Qualified
PLNMTEMP 345-2R06 -- -- -- -- L7 Qualified
PIEMTEMP 399-2R08 -- -- -- -- --

C1. AD 3121 +0818001 11 Qualified 27,28 Qualified 14 Qualified 143,144 Qualified M7 Qualified
CIAD3121 +0800001 J1 Qualified 29,30 Qualified J4 Qualified 145.146 Qualified N7 Qualified
CLAD 3122 +0o18002 El Qualified 31,32 Qualified K4 Qualified 147,148 Qualified 07 Qualified
CIAD1122 +0000002 L1 Qualified 33,34 Qualified L4 Qualified 149,150 Qualified P7 Qualified
CLAD 3123 +0R18003 M1 Qualified 35,36 Qualified M4 Qualified 151,152 Quattfied --

CIAD3123 +0800003 N1 Qualified 37,38 Qualified N4 Qualified 153,154 Qualified --

CLAD 3124 +081R004 01 Qualified 39,40 Qualified 04 Qualified 155,156 Qualified --

CLAD 3124 +0800004 P1 Qualified 41,42 Qualified P4 Qualified 157,158 Qualified --

CLAD 3451 s0818G45 -- -- -- -- B8 Qualified
CIAD3451 +0800 M - - -- -- C8 Qualified
CIAD3992 +0018008 -- -- -- - --

CIAD3992 -1400008 -- - -- -- --

f B5 Restrainedf Failed D8 Trend fRODPRESS 312-1R01 52 Trendf 43 Trend
RODPRESS 312-2R02 C2 Trendf 44 Trendf C5 Restrainedf Failed E8 Trendf
RODPRISS 312-3R03 Failed Failed D5 Trend 8 Failed --

RODPRESS 312-4R04 D2 Trendf +5 Trendf E5 Restrainedf Failed --

RODPRESS 345-1R05 -- - -- -- F8 Trendf
ROCPRESS 345-2R06 -- -- -- -- C8 Trendf
RODPRESS 399-2R08 -- -- -- -- --

LVDT ROD 312-1 01 E2 Qualified 46,47 Trend $ F5 Restrainedi 159,160 Trend! H8 Restrained 3
LVDT ROD 312-2 02 F2 Qualified 48,49 Trend} G5 Restrained} 161,162 Trendl 18 Restrained}
LVDT ROD 312-3 03 C2 Qualified 50,51 Trend} HS Restrained} 163,164 Trend} --

LVDT R0D 312-4 04 H2 Qualified 52,53 TrendJ 15 Restrained 3 165,166 Trend) --
.

LVDT ROD 345-1 03 -- -- -- -- J8 Restrained]
LVDT ROD 345-2 04 - - -- - K8 RestrainedJ
LVDT ROD 399-2 01 -- -- -- -- --

Test Train

INLTTEMP 312-1R01 Not presented 54 Qualified Not presented 167 Qualified Not recorded
INLTTEMP 312-2R02 Not presented 55 Qualified Not presented 168 Qualified Not presented
INLTTEMP 312-3R03 Not presented 56 Qualified Not presented 169 Qualified --

INLTTEMP 312-4R04 Not presented 57 Qualified Not presented 170 Qualified --

INLTTEMP 345-1R05 -- - -- -- Not presented

INLTTEMP 345-2R06 -- -- -- -- Not presented
INLTTEMP 399-2R08 -- - ~ -- --

OUT TEMP 312-lR01 Not presented 58 Qualified Not presented 171 Qualified Not recorded
OUT TEMP 312-2R02 Not presented 59 Qualified Not pre sen t er. 172 Qualified Not oresented
OUT TEMP 3.2-3R03 Not presented 60 Qualified Not presented 173 Qualified --

OUT TEMP 312-4R04 Not presented 61 Qualified Not presented 174 Qualified --

OUT TEMP 345-IR05 -- -- -- -- Not presented
OUT TEMP 345-2T06 - -- -- -- Not presented
OUT TEMP 399-2R S -- -- -- " "

MIDT3121 +.000R01 Not presented 62,63 Qualified Not presented 175,176 Qualified Not recorded
MIDT3121 .152R01 Not presented 64 Qualified Not presented 177 Qualified Not recorded

MIDT3121 +.152R01 Not presented 65 Qualified Not presented 178 Qualified Not recorded
MIDT3123 + .000 R0 3 Not presented 66,67 Qualified Not presented 179,180 Qualified * --

0MIDT3123 .152R03 Not presented 68 Qualified Not presented 181 Qualified --

|
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QUALIFICATION

Test Lt.R -4 Test LL.' -4A

Blowdown Freblowdown Slowdown Freblowdown Blowdown

Microfiche Microfiche
igure Qualification Address Qualification Figure Qualification Address Qualification Figers Qualification

49,250 Trendb J10 Treadb 361 Trend _ ..b
51.252 Trendb b hK10 Tread 362 Trend M13 Trendb 439, 440 Trendb

.. .. .. ..

53,254 Qualified L10 Qualified 363 Qualified N13 Qualified 441,442 Qualified
55,256 Quali fied M10 Qualified 364 Qualified 013 Qualified 443,444 Qualified

- -- - L13 Qualified Failed'

57 Qualified N10 Qualified 365 Qualified -- ~~

58 Qualified 010 Qualified 36 6 Qualified B14 Qualified 446 Qualified
.. .. .. .. ..

59 Qualified F10 Qualified 367 Qualified C14 Qualified 447 Qualified
60 Qualified 811 Qualified 368 Qualified D14 Qualified 448 Qualified

-- -- -- F13 Qualified 445 Qualified

61.262 Qualified C11 Qualified 369 Qualified -- --

63,2 % Qualified 011 Qualified 370 Qualified -- --

65,266 Qualified Ell Qualified 371 Qualified C14 Qualified 453.454 Qualified
67,268 Qualified Fil Qualified 372 Qualified H14 Qualified 455.456 Qualified

.. .. . .. ..

.. .. .. .. ..

.. __ __ ..

.. .. .. ..

69,270 Qualified C11 Qualified 373 Qualified 114 Qualified 457,458 Qualified
71,272 Qualified Hil Qualified 374 Qualified J14 Qualified 459,460 Qualified

-- -- -- E14 Qualified 449,450 Qualified
-- -- - F14 Qualified 451,452 Qualified

Failed 111 Trend $ Failed --

Failed J11 Trend} Failed L14 Trendh
--

Failed
._ .. .. _. ..

.. _. .. _.

Failed Ell Trend} Failed M14 Trendh Failed
Failed Lil Trend} Failed N14 Trendh Failed

-- -- -- K14 Qualified Failed

73,274 Trend $ Mll Restrainedl 375 Trend} -- -

75,276 TrendJ Failed Failed F14 Restrained 3 463,;64 Trend}
.. _. _. .. __

._ .. .. .. ..

77,278 Tre nd } N11 Restrained 5 376 Trendl Failed 465,466 Trendi
79.280 TrendJ 011 Restrained} 177 Trendl Failed Failed

-- -- -- 014 Trendl 461.462 Trend)

Not recorded Not recorded Not recorded -- --

81 Qualifiedh kNot presented 378 Qualified Not presented 468 Qualified
.. .. _. ._ ..

.. .. ._

82 Qualifiedh
_. ..

hNot p esented 379 Qualified Not presented 469 Qualified
83 Qualifiedk hNot presented 380 Qualified Not presented 470 Quali fied

k-. .- -- Not presenteo 467 Quali fied

Not recorded Not recorded Not recorded -- --

84 Qualifiedl Not presented 381 Qualified Not presented 472 Qualified"
.. .. .. ..

..

85 QualifiedI
_. .. .. _.

Not presented 382 Qualified Not presented 473 Qualified"
86 Qualifiedl Not presented 383 Qualified Not presented 474 Qualified *

- -- -- Not presented 471 Qualifieda

Not recorded Not recorded Not recorded -- --

Not recorded Not recorded Not recorded -- --

Not recorded Not recorded Not recorded -- --

__ _. .. ..
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PDDRORGINE
Test LLR-50

Test LLR-3

Preblowdown' Blowdown Preblowdown Blowdown
Microfiche -

MicroficheMeasurement _ Address Qualifiestion Figure Qualification _ Address Qualification Figure Qualification
MIDT3123 +.152R03 Not presented 69

MIDT3451 .152R05
-

TrendnMIDT3451 +.000R05
-

Not presented 182 Qua li fied'
--

--

MIDT3451 +.152R05
-

_
_

_-
_

_
_MIDT3992 +.000R08 --

_
_

_MIDT3992 .152R08 --
_

,,
,,MIDT3992 +.152R08 -

_

DELT3121 225 ROI 12 Qualified 70 Qua li fied J5 Qua ified 18) TreldPDELT3122 225 802 J2 Qualified 71 _ Qualified K5 Qualified 184 TrendPDELT3123 225 R03 K2 Qualified 72 Qualified L5 Qualified 185 TrendPDELT3124 225 R04 L2 Qualified 73 Qualified M5 Qualified 186 Tre nd PDELT3124 135 R04 M2 Qualified 74DELT3451 225 R05 --
Qualified N5 Qualified 187 TrendP

DELT3452 225 R06 -
.

--
--

--
--

--

DELT3992 225 E08 -
_

_
_DELT3121 CVSP E01 -

_
_

_DELT3122 CVSP E02 -
_

'~

TSO 3121 + 000101 Not presented 75 Qualified75 0 3121 .152R01 Not presented 76 Qualified Not presented 189 Qualified
Not presented 188 Qua1ified

TS D 3121 +.152R01 Not presented 77 Trend"TSRD3123 +.000R03 Not presented 78 Qualified Not presented 191 Trend"
Not presented 190 Trend"

TSRD3123 .152R03 Not presented 79 QualifiedTSE 3123 +.152R03 Not presented 80 Qualified Not presented 193 Qualified
Not presented 192 Qualified

TSE 3451 +.000R05 --
--

--
--

Tsub51 .152R05 -
--

-
.-T503451 +.152R05 --

_
_

_7503992 +.000R08 -
_

_
_T503992 .152R08 --

_
_7503992 +.152R08 --

--
_

BULKTEMP CATCHBTT Not presented 81 Qualified
*

BULRTEMP LOWSPTTT Not presented 82 Qualified Not presented 195 Qualified
Not presented 194 Qualified

SULETEMP VOLBYPTT Not presented 83 QualifiedBULKTEMP SRDOUTTT Not presented 44 Qualified Not presented 197 Qualifted
Not presented 196 Qualified

BULETEMP CONTBYTT Not presented 85 QualifiedSULKTEMP IPTEXTTT Not presented 86 Qualified
Not presented 198 Qualified
Not presented 199 Qualified

PRESSURE ECATCHTT Not presented 87 Quali fiedPRISSURE ETOPSPTT N2 Qualified $8 Qualified 05 Qualified 201 Qualified
Not presented 200 Qualified

PRESSCRE KTCPSPTT Mot presented 89 TrendtPRESS-H1 ECATCHTT Not presented 90 Trend' Not presented 202 Restrainedu
Not presented 203 Restrained'

TURB 3121 UP000N01" 02 Qualified 91 Qualified P5 Quali fied 204 RestrainedWTURB 3121 Ln000N01 P2 Qualified 92,93 Qualified 56 Qualified 205,206 Restrained"TURB3122 UP180N02 B3 Qualified 94 Qualified C6 Qualified 207 RestrainedTUR83122 L0180N02 C3 Quali fied 95,96 Qualified D6 Qualified 208,209 Restratned"TURB3123 UP090NO3 D3 Qualified 97 Qualified E6 Qualified 210 Restrained'TURB3123 LOO 90NO3 E3 Qualified 98,99 Qualified F6 Qualified 211,212 Restrained'TUR B3124 UP270N04 P3 Qualified 100 Qualified C6 Q M ified 213 Restrained *TURB 3124 LO270N04 C3 Qua lified 101,102 Qualified H6 Qualifned 214,215 Restrained"TURB3451 UP090NO3 --
--

--TURB h51 LOO 90NO3 -
--

--
--TURB3452 UP270N04
--

TURB3452 LO270N04
--

--
--

--

TURB3992 UP000N01
-

--
--

--

TURB 3992 LOOOON01
--

--
--

----

TURB1NEM CONTBYTT Not presented 103,104 Qua fled
Not presented 216,217 Tren as

NEUTFLUX + . 34 3 TT " Not recorded failedNEUTFLUX +.228 TT H3 Qualified 105 Qualified 16 Qualified 218 Qualified
Pailed Failed

NEUTFLUX +.142 TT Not recorded 106 QualifiedNEUTFLUX +.000 TT Not recorded 107 Qualified J6 Qualified 220 Qualified
Not recorded 219 Qualified

NEUTFLUX .114 TT 13 Qualified 108 Qualified K6 Qualified 221 QualifiedNEUTFLUX .228 TT J3 Qualified 109 Qualified L6 Qualified 222 QualifiedNEUTFLUX .343 TT W recorded !!0 Qualified Not recorded 223 Qualified
CAMMATLK +.128 TT Not recorded 111 Qualified M6 Qualified 224 QualifiedCAMMAFLX +.000 TT R3 Qualified 112 Qualified N6 Qualified 225 QualifiedCAMMATLI .226 TT Not recorded 113 Qualified Not recorded 226 Qualified



VI (continued) _

pd|

Test LLR-4A
Test LLR*5 Test Lt.R-4

Preblowdown Slowdown Preblowdown Slowdown Preblowdown _
Blowdown

Mic ro r .cheMtcrofiche
E Qualification Figure Qualification Address Qualification Figure Qualification Address Qualification Figure,_ Qualificationiche

..
..

--

0 Not presented 384 Qualified Not presented 479.480 Qualified *
0Not presented 287.288 Qualified

Not presented 289 Qualified * Not presented 38 5 Qualified Not presented 481 Qualified
0

Not presented 290 Qualified * Not presented 386 Qualified Not presented 482 Qualified

- - .-
- Not presented 475.476 Qualified *

-- - -
-- Not presented 477 Qualiftedo

- -- -
-- Not presented 478 Qualitted"

..
--

Qualified 291 TrendP B12 Qualified 388 TrendP C15 Qualified Failed- _

- - ..
..

..
..

_ _
..

..
..

--
--

Qualified 293 TrendP D12 Qualified 390 TrendP D15 Qualified Failed_ _ _

Qualified 294 TrendP E12 Qualified 391 TrendP Failed Failed

- -- -- - $15 Qualified Failed

Restrained 9 Failed F11 Qualifie3~ 38 7 TrendP
-

--

8 Restrained 9 292 TrendPs9 C12 Qualified 389 TrendPe9
- --

Not presented 295 Qualified Not presented 392 Qualsfied
--

"

Not presented 296 Qualified Not presem ed 393 Qualified --
-

Rot presented 297 Qualified Not presented 394 Qualified --
--

.. ..

..
..

..
--

--

..
..

Not presented 298 Qualified Not preserted 395 Qualified Not presented 486 Qualified

Not presented 299 Qualified Not preseeted 396 Q4alified Not presented 487 Qualified

Not presented 300 Qualified Not preserted 397 Qualified Not presented 488 Qualified

-- -
-- -- Not presented 483 Qualified

- --
- -- Not presented 484 Qualified
-- -- Not presented 485 Qualified

?

f Not preset;ted 318 Quali fied Hot presented 489 Qualified

--
-

- -- Not presented 490 QualifiedrNot resented 301 gaa fied
f

? Not presented 399 Qualified Not presented 491 Qualified
?Not presented 102 Qualified

Not presented 30 3 Qualifiedf Not presented 400 Quali fied Not presented 492 Qual:'ied
f

Not presented 304 Qualifiedf Not presented 401 Qualified Not presented 493 Qualifted

Nos presented 305 Qualifiedf Not presented 402 Qualified Not presented 494 Qualifiedr

Not presented 306 Trend' Not presented 403 Trend' Not presented 495 Qualified

9 Trend' 307 Trends F12 Qualified 404 Trend' EIS Qualified 496 Qualified

Not presented 308 Qualified Not presented 405 Tread' Not presented 497 Trend'

Not presented 309 Trend' Not pre sented Failed Not presented 498 Trend'

C9 Qualified 310 Restrained 7 G12 Qualified 406 Restr aine d7 -
--

--

09 Qualified 311.312 Restrained? H12 Qualified 407 Restrained? -

Restrained 7
19 Qualified 313 Restrained? 112 Qualified 408 Restrained 7 R15 Qualified 502

F9 Qualified 314.315 Restrained 7 J12 Qualified 409 Restraine;7 115 Qualified 503.504 Restrained?

..
-

.. ..
.. -

..

- -

-
.. ..

.. ..

_ _
..

.. ..

C9 Qualified 316 Re s t r a inedY R12 Qualified 410 Restrained 7 J15 Qualified 505 RestraineJ7
..

..

H* Qualified 317.318 Restrained? L12 Qualified 411 Restrained 7 K15 Qualified 506.507 Restrained?

19 Qualified 319 Re st ra ine d? N12 Qualified 412 Restrained 7 L15 Qualified 508 Restrained 7

J9 Trend 8 Failed Failed railed MIS Qualified 509.510 Restrained 7

- -
-- -- F15 Qualified 499 Restrained 7

- -
- -- C15 Qualified 500.501 Restrained?

bb Not presented Failed
Not presented 320.321 Trendbb Not presented 413 Trend

Failed Failed Failed Failed Failed Failed

E9 Qualified 322 Qualified M12 Qualified 414 Qualified MIS Qualified 511 Qualified

L9 Qualified 323 Qualified 012 Qualified 415 Qualified 015 Qualified 514 Qualified

N9 Qualified 324 Qualified F12 Qualified 416 Qualified F15 Qualified 513 Qualified

M9 Qualified 325 Qualified 313 Restrainedaa 417 Qualified railed Failed

09 Qualified 326 Qualified Failed Failed 116 Restrainedaa 514 Qualified

P9 Qualified 327 Qualified C13 Qualified 418 Qualified C16 Q aalified 515 Qualified

RIO Qualified 328 Qualified D13 Qualified 419 Qualified D16 Qualified 516 Qualified

C10 Qualified 329 Qualified E13 Qualified 420 Qualified R16 Qualified 517 Qualified

D10 Qualified 330 Qualified F13 Qualified 421 Qualified F16 Qualifted 518 Qualified

1405 083u
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TABLE VI (co11 tin
-

I

y __

Test LLR-30 Test LLR-3 Test LL

Preblowdown" Blowdown Preblowdown Blowdown Preblowdown

Microfiche Microfiche Microficho
Measurement Address Qualification Figure Qualification Address Qua'afication Figure Qualification Address g ification

,

Measurement Spool

IICSSTEMP TE20 SPIC L3 Qualified 114 Qualifiedl 06 Qualified 227 Qualified E10 Qualified
l F10 QualifiedCLSSTEMP TE22SPCL M2 Qualified 115 QualifiedI P6 Qualified k28 Qualified
lHLSSTEMP TE23SPHL N3 Qualified 116 Qualifiedl 87 Qualified 229 Qualified C10 Qualified

ICTCTEMP TE21 SPIC Not presented Failed Not presented Failed Not presented
ll Not presented 230 Qualified Not presentedCLTCTEMP TE24SPCL Not presented 117 Qualified
lMLTCTEMP 1Y25SPHL Not presented 118 Qualifiedl Not presented 231 Qualified Not presente

ICPRESSF PE08 SPIC Not presented Failed Not presented 232 Qualified Not presente

CLPRESSF PE10SPCL Not presented 119 Qualified Not presented 233 Qualified Not prerente

NLPRESSF PE12SPHL Not presented 120 Qualified Not presented 234 Qualified Not presente

ICPRESSW PE098FIC Not presented 121 Qualified Not presented 235 Qualified Not presente

CLPRESSW PE11SPCL Not prersnted 122,123 Qualified Not presented 236,237 Qualitied Not presente

HLPRESSW PE13SPHL Not presented 124 Qualified Not presented L38 Qualified Not presente

DELPCLHL DPE-05HL Not presented 125.126 Res t r ained 88 Not presentet 239,240 Restrained 88 Not presente

ICSVFLOW FE05 SPIC Not prescated 127 Qualified Not presented 2L1 Trendhh Not presente

CLSV FLOW FE06SPCL Not presented 128,129 Qualified Not presented 242,243 Trendhh Mot presente

HLSVFLOW FE09sPHL Not presented 130 Qualified Not presented 244 Qualified Not presente

CLMOMFLX FE07SPCL Not presented Tailed Not presented Failed Not presente
H1>OMFLX FE08SPHL Not presented Failed Not presented Failed Not presente

CLDENSUP DENS 1UCL Not presented Failed Not presented Failed Not presente

CLDENSCE DENS 1CCL Not presented Failed Not presented 245 Restrained 88 Not presente

CLDENSLO DENS 1LCL Not presented Failed Not presented Failed Not presente

CLDEMAVE DENSI CL Not presented Failed Not presented -- Not presente

HLDENSUP DENS 2CHL Not presented Failed Not presented Failed Not presente
HLDENSrE DENS 2CHL Not presented Failed Not presented Failed Not presente
HLDENSLO DENS 2LHL Not presented Failed Not presented Failed Not presente

HLDENAVE DENF2 HL Not presented Failed Not presented Failed Not presente

Plant

REFLDSYS FLO 01PT Not presented 131 Qualified Not presented Failed Not presente
REFLDSYS FLO 02PT Not presented 132 Qualified Not presented 246 Qualified Not presente

REACTPOW PPS-01PT 03 Qualified 133 Qualified C7 Qualified 247 Qualified H10 Qualified
REACTPOW PPS-02PT P3 Qualified 134 Qualified D7 Qualified 248 Qualified 110 Qualified

FPDSCAMA NUMOlF[ Not recorded Not presented Not recorded Not presented Not recorded
FPDSCAMA NUM 02FP Not recorded Not presented Not recorded Not presented Not recorded
i'DSCAMA NUM 03FP Not recorded Not presented Not recorded Not presented Not recorded
FPDSNEITT NEUTRNFP Not recorded Not presented Not recorded Not presented Not recorded

a. For all Test LLR-S0 preblowdown plots, data were not recorded from 19 to 23.5 hours.

b. A large uncertainty in the absolute value of this data was the result of lead reversal and subsequent correction.

c. Thermocouple indicates intermittent failure.

d. Rod cladding f ailed and resulted in thermocouple f ailure.

e. Temperature exceeded thermocouple limits ,

f. Incorrect temperature compensation resulted in large uncertainty.

g. Rod 312-3 cladding f ailed resulting in saturated transducer prior to blowdown depressurination.

h. Data display a large time dependent drift.

i. The LYDTs were adjusted to zero at ambient coolant conditions prior to nuclear operation.

j. Significant uncertainty in data due to temperature corrections.

k. Probable thermocouple dry-out occurs at about 5 e and data may reflect pipe wall radiation effects until rewetting by reflood and quench.

t
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5 Test LLR-4 Test LLR-4A

Blowdown Freblowdown Stowdown Freblowdown Stowdown

Microfiche Microfiche
girl Qualification Address Qualification Figure Qualification Address Qualification F QualificationA ure

de
331 balifiedl C13 Qualified 422 Qualified C16 Qualified $19 Qualified

dd332 QualifiedI N13 Qualified 423 Qualifiedl H16 Qualified 520 Qualified
dd333 Qualifiedl 113 Qualified 424 Qualified 116 Qualified $21 Qualified
dd

Failed Not presented Failed Not presented $22 Qualified
334 Qua li fied' Not presented 425 Qualified Not presented 523 Qualifieddd

dd
335 Qualified' Not presented 426 Qualified Not presented 524 Qualified

336 Re s t r a ine d'* Not presented 427 Qualified Not presented 525 Qualified
337 Re st r a ine d" Not presented 428 Qualified Not presented Failed
338 Qualified Not presented failed Not present*d Failed

339 feetrained'' Not presented 429 Qualified Not presented FailedU
%0,%1 teatrain9d'' Not presented 430 Qualified Not presented Failedff
%2 Restrained " Not presented 431 Qualified liot presented Fails 4ff

34 3, % 4 RestrainedaE Not pre sented Failed Not presented Failed

%5 Trendhh Not presented Failed Not presented Failed
hh346,147 Trendhh Not presented 432 Trend Not presented Failed

M6 Trendhh Not presented Failed Not presented Failed

Failed Not presented Failed Not presented Failed
Failed Not presented Failr4 Not presented Failed

349 Restrained 85 Not presented Failed Not presented 526 teatrained88
350 ha st r a ine d t5 Not presented Failed Not presented 527 Restrained 88
35L Rest ra ined$8 Not presented Failed Not presented 528 Restrained 88
352 Reetrelped88 Not presented Failed Not presented $29 Restrained 88

353 kestraintd85 Not presented 433 TrendII Not presented Failed
354 te e t r a ine d88 Not presented 434 Trendii Not presented Failed
355 Re s t r a ine d E8 Not presented 435 Trend}1 Not presented Failed
356 Restrained 4E Mot presented 436 Trendil Not presented Failed

357 Qua li fied Not pre sen t e d Not presented}} Not presented 530 Qualified
354 Qua lif ied Not presented Not presented}3 Not presented $31 Qualified

359 Qualified J13 Qualified 437 Qualified J16 Qualified 532 Qualified
MO Qualified K11 Qualified 438 Qualified K16 Qualified 533 Qualified

Not presented Not recorded Not presented Not recorded Not presented
Not presented Not recorded Not presented Not recorded Not presented
Not presented Not recorded Not presented Not recorded Not presented
Not presented Not recorded Not presented Not recorded Not presented
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Test LLR-50 Test LLR-3
_

Preblowdown* Slowdown Preblowdown Slowdown
_

' Microfiche Microfiche Mi
F Address qualification Figu l qualification AMeasurement Addresa qualification j u n gua_lification

1. Probable thereocouple dry-out occurs from approminately 30 to 175 s and data may reflect pipe wall radiation effects.
~

Probable thermocouple dry-out occurs from approximately 25 to 140 s' and data may reflect pipe wall radiation effects.s.

n. Trend because of large of f set and inconsistent output.'

o. Probable thermocouple dry-out occure at approximately 5 s into the blowdown and data may reflect pipe wall radiation ef f

t. eresa environment, wall radiation effects, and amplifip. The delta temperature measuremente during blowdown are subject

q. Measurement somewhat sus pec t because of remote location of thermocouples,

r. Probable thermocouple dry-out occure at approximately 30 s into the blowdown and data may reflect pipe wall radiation of

s. Large of f set applied to data.

t. Lar ge of f set and drift in data due to temperature ef fects.

u. Significant uncertainty due to temperature e f fec t s.

v. Systes elec tronico problem resulted in large of f set ,

Turbine qualification applies only to values in excess of 0.051/s. For absolute values less than 0.05 1/s data are quv.

Debris f rom rod failure during blowdown reoutts in trend qualification for all rod turbine data >12 e af ter blowJown in'n.

y. Debris from the Test LLR-3 rod f ailure caused turbine bearing problems. Data with absolute values < 0.41/s are qualifi

s. Turbine operation intermittent, majority of data are Failed.

as. Data are entremely noiey,

bb. Turbine not calibrated because of fuel rod f ailure debris in bearings.

cc. SPNDe are qualified trend f or all values < S nA.

dd. Probable thermocouple dry-out occurs from approximately 30 to 240 e and data may reflect pipe wall raJiation ef fects.

ee. Restrained because of large of fset applied to data,

ff. Transducer coolant water supptw failed,

gg. No duplic ate seasurement for comparison.

hh. A large uncertainty in the accuracy of the transducer exists because of severe 2verranging on previous tests.

ii. No pretest calibration performed.

jj. Absormal cycling of the loop isolation valves at 15 e invalidated the remaining portion of the Test LLR-4 tiowdown inc t

km. The sample line from the esperimental loop to the FFDS is isolated from the f PT-blowdawn piping af tcr blowdown initiati

.
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PDDR DEhE
LE VI (continued)

Test LLR-5 Test LLR-4 Test LLR-4A

Preblowdman livedown Preblowdown Blowdown Preblowdown Blowdown

ofiche Microfiche Microfiche

Qsatification Qug gualification Address Qualification Finte_ Qualification Address Qualification Figure Qualificationress

to until revetting by reflood and quench.

saturation at ,50 f. resulting in Trend qualification.

ct s until rewet ting by re flood and quench.

ified trend.

istion,

trend. -

ing reflood,

and therefore will not indicate fuel rod f ailure until flow f rom the loop to the IPT is reestablished.

-
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Fig.17 Fuel temperature la Rod 312-1,0.08 m above the fuel stack midplane (TFCL3121 + .08TC01), from -50 to 300 s.
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Fig.18 Fuel tempersture in Rod 312-1,0.08 m abose the fuel stack midplane (TFCL3121 + .08TC01), from -5 to 35 s.
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Fig.19 Fuel tempersture in Rod 312-2, at fuel stack midplane (TFCIJI22 + .00TC02), from -50 to 300 s.
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Fig. 20 Fuel tempersture in Rod 312-2. at fuel stack midplane (TFCIJ122 + .00TC02), from -5 la 35 s.
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Fig. 21 Fuel temperature in Rod 312-4, at fuel stack midplane (TFCL3124 + .00TC04), h um -50 to 300 s.
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Fig. 23 Plenum temperature in Rod 312-1,(PLNMTEMP 312-lR01), from -50 to 300 s.
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Fig. 24 Plenum temperature in Rod 312-2,(PLNMTEMP 312-2R02), from -50 to 300 s.
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Fig. 27 Ondding semperature, Rod 312-1, at 180 detrees and 0.08 m abote fuel stack midplane (CLAD 3121 + 0818001),
from -50 to 300 s.
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Fig. 29 Ociding temperature, Rod 3121, at 0 degrees and 0.08 m above fuel stack midplane (CLAD 3121 + 0800001), from
-50 to 300 s.
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Fig. 31 Cladding temperature, Rod 312-2, at 180 degrees and 0.08 m shose fuel stack midplane (C AD3122 + 08I8002),
from -50 to 300 s.
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Fig. 37 Cad jing tempersture, Rod 312 3, at 0 degrees and 0.08 m above fuel stack midplane (CLAD 3123 + 680000.I), from
-50 to 300 s.
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Fig. 50 Cladding clongarion of Fuel Rod 312-3 (LVDT ROD 312 3 03), from -50 to 300 s.
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APPENDIX A

POSTTEST DATA ADJUSTMENTS AND QUALIFICATION

) Many ot the instrumentation transducers usM during the conduct of Test LLR are recognized to have
the potential for responding erroneously, in varying degrees, to extraneous environmental stimuli such as
pressure, temperature, neutron flux, gamma radiation, vibration, and mechanical strain. In addition, the
data acquisition and recording system and the signal conditioning equipment may also have contributed
unwanted or distorted signals to the measurement channel while the transducer output was being processed

3
end recorded.

Although the et eors introduced into the data by these spurious secondary inputs g(nerally do not exceed
tl 'specified error ranges of the transducers, significant improvement in measurement accuracy can be
_chieved if the secondary sensitivity can be identified and removed. Since the exact values of the spurious
inputs to which different transducers might be sensitive cannot be easily predicted and are sometimes
inconvenient to measure, secondary effects have been accounted for by correcting the data after the test.

Data acquired at the PBF during the performance of the Thermal Fuels Behavior Program testing are
appraised by a data integrity review committee for quality and validity. The appraisal process determines
whether the measurement channel output represents the phenomenon being measured. The data review
and examination process ascertains that verified calibration equations have been applied and that offsets
and corrections have also been applied to remove any identifiable spurious secondary effects from the

,

data. As a result of the review and examination by the review committee, each measurement is assigned one
or more of the following classifications as a function of time.

(1) Qualified engineering unit data (QEUD). These data represent the phenomenon measured,

within the defined uncertainty limits. These data must meet the following criteria:
(a) verified calibrations and all corrections have been applied, (b) independent data were
used for comparison with this data and agreernent was found between the data during the
period of interest within specified uncertainty limits, (c) verified engineering unit conver-
sion equations have been applied, and (d) uncertainty limits have been established and can
be verified.

(2) Restrained. These data represent the phenomenon measured with one or more of the
following constraints: (a) verified calibrations have been applied but not all corrections
have been made, (b) cIfsets and corrections cannot be adequately determined, and
(c) uncertainty limits have been established but cannot be adequately verified.

(3) Trend. 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 due to:
(a) instrument calibrations do not adequately represent the environment measured by the
transducer,(b) the calibration and performance of the DARS are questionable but known
errors have been eliminated, (c) uncertainty limits cannot be adequately quantified,
(d) transducer performance is questionable but relatively correct, or (e) no corrections.

can be made to adequately compensate for environmental effects. The data have met the
following criteria: (a) instrument and DARS calibrations have been applied, (b) wild
points have been removed, (c) data have been appropriately filtered, and (d) relative
uncertainty limits have been defined.,

.

(4) Failed. Data are irretrievable due to a transducer, signal conditioning, or data channel
failure or inadequate rejection of extraneous noise, transient, or frequencies.
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APPENDIX B

UNCERTAINTY ANALYSIS

3
Analyses have been perfcrmed on Test LLR data to provide a guide to the uncertainty associated with

data measurements in the Power Burst Facility (PBF) system. The possible sources of data measurement
error have been termed (1) random uncertainties and (2) systematic or bias uncertainties.

(1) Random Uncertainties. An overall random uncertainty value has been derived for each
I PDF measurement by combining all known uncertainty sources of the detector device,

signal transmission, data acquisition, and engineering unit conversion. This value is listed
in Table B-I and may be interpreted as an approximate 95% confidence interval or 1.96
times the standard deviation.

(2) Bias Uncertainties. All data in this report were reviewed to determine the quality and
validity of the data. Each measurement was compared with redundant or similar
measurements, calculated values, and preblowdown initial conditions to determine the
required offsets or adjustments. The bias uncertainties are the expected errors in the off-
sets that were applied to the data. These 2-0 deviations are listed in the second column of
Table B-I.

Other random and systematic uncertainties exist in the data but they could not be adequately analyzed
I for this report. These uncertainties include measurement dependent and irAependent uncertainties. A

detailed and comprehensive measurement independent uncertainty analysis af the PBF measurement
system is currently in progress,

e
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TABLE B-I

MEASUREMENT UNCERTAINTIES FOR LLR TESTS

Bias Uncertainties

Measurement Random Uncertainties * Test LLR-50 Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-4A

Fuel Rod

TFCL3121 +.08TC01 b c c c +200 K --

T7CL3172 +.00TCO2 b c c c 7200 K c
-

TFCL3123 +.08TC03 b -- -- -- -- --

TFCL3124 +.00TC04 b c +50% Reading -- -- --

TFCL3451 +.08TC05 b -- -- +21 K +50 K +20 K
TFCL3452 +.00TC06 b -- -- [20K [50K [20K
TFCL3992 +.08TC08 b -- -- -- -- +50 K

_

PLNMTEMP 312-lR01 +3% Reading +7 K +10 K +10 K +5 K --

PLNMTEMP 312-2R02 I3% Reading 75K Il0 K 710 K
M PLNMTEMP 312-3R03 I3% Reading -+IS K -+5 K

-
75 K -+5 K

-- !- --

PLNMTEMP 312-4R04 [3% Reading 15 K [5K -- -- --
"

PLNMTEMP 345-IR05 +3% Reading -- -- +10 K +5 K +5 K
PLNMTEMP 345-2R06 I3% Reading -- -- 710 K 75 K 75 K
PLNMTEMP 399-2R08 [3% Reading -- -- -- !- [6K

-

CIAD3121 +0818001 +3% Reading +5 K +5 K +10 K +5 K --

CLAD 3121 +0800001 73% Reading 75 K 78 K 710 K 75 K --

CLAD 3122 +0818002 I3% Reading I6 K +IO K 714 K
CLAD 3122 +0000002 I3% Reading 75 K Il0 K -I10 K

-+I4 K +5 K

CLAD 3123 +0818003 [3% Reeding [5K ['OK -- T-
-+I5 K+5 K

--

CLAD 3123 +0800003 +3% Reading +5 K +5 K -- - --

CLAD 3124 +0818004 +3% Reading +5 K +5 K -- -- --

_

CLAD 3124 +0800004 +3% Reading +5 K +5 K -- -- --

CLAD 3451 +0818005 +3% Reading
,

+10 K +5 K +5 K- --

CLAD 3451 +0800005 [3% Reading -- -- [11K [5K [5K
CLeD3992 +0018008 +3% Reading - -- -- -- 15 K
CLAD 3992 -1400008 13% Reading -- -- -- -- +5 K

-
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TABLE B-I (continued)

Bias Uncertainties

Measurement Random Uncertainties * Test LLR-SO Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-4A

RODPRESS 312-lR01 +0.65 MPa +100% Reading +300% Reading +300% Reading +300% Reading --

RODPRESS 312-2R02 [0.65MPa {100% Reading {300% Reading {300% Reading [300% Reading +300% Reading

RODPRESS 312-3R03 +0.65 MPa -- +300% Reading -- -- --

RGDPRESS 312-4R04 70.65 MPa -+100% Reading 73001 Reading -- -- --

RODPRESS 345-lR05 70.65 MPa -- -- +300% Reading +300% Reading +300% Reading-

RODPRESS 345-2R06 70.65 MPa -- -- 7300% Reading -+300% Reading +300% Reading

RODPRESS 399-2R08 {0.65MPa
- - - -- -- -- {300% Reading

-

LVDT ROD 312-1 01 +50% Reading c c +5 m +1 m --

2-[5 mLVDT ROD 312-2 02 [50% Reading cc c

LVDT ROD 312-3 03 +50% Reading c c -- -- --

LVDT ROD 312-4 04 T50% Reading c e -- -- --

LVDT ROD 345-1 03 750% Reading -- -- +5 m +1 m e

LVDT ROD 345-2 04 {50% Reading -- -- [5 m {l m --

LVDT ROD 399-2 01 +50% Reading -- -- -- -- e
_

e
Test Train

INLTTEMP 312-lR01 +3% Reading +9 K +9 K -- -- --

INLTTEMP 312-3R03 {3% Reading {5K {15K
-+15 K +5 K -+5 K

_

INLTTEMP 312-2R02 +3% Reading +5 K +22 K
-- T- --

INLTTEMP 312-4R04 +3% Reading
- -+5 K -- -- --+20 K

!NLTTEMP 345-1R05 T3% Reading -- -- +10 K +5 K +5 K
INLTTEMP 345-2R06 73% Reading -- -- 727 K 75 K T5 K
INLTTEMP 399-2R08 T3% Reading -- -- -- T- 75 K

-

-

~
-

.

'

A OUT TEMP 312-1R01 +3% Reading +5 K +13 K -- -- --

C'? OUT TEMP 312-2R02 73% Reading +I? K T20 K -+10 K +5 K -+19 K
~5K {17K -- 2- --

@ OUT TEMP 312-3R03 [3% Reading +

OUT TEMP 312-4R04 +3% Reading +6 K +5 K -- -- --

_

Q OUT TEMP 345-IR05 +3% Reading -- -- +44 K +5 K ~+27 K
OUT TEMP 345-2R06 73% Reading -- -- 710 K 75 K +8 K

--

OUT TEMP 399-2R08 [3% Reading -- -- -- 2- {5K
-

MIDT3121 +.000R01 +3% Reading +7 K +9 K -- -- --

MIDT3121 .152R01 [3%iending [6K [7K -- -- --



TABLE B-I (continued)

Bias Uncertainties

Measurement Random Uncertainties * Test LLR-SO Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-

MIDT3121 +.152R01 +3% Reading ~+10 K +5 K -- -- --

MIDT3123 +.000R03 I3% Reading +9 K IS K -- -- --

MIDT3123 .152R03 {3% Reading +T7 K [5K -- -- --

MIDT3123 +.152R03 +3% Reading +33 K +22 K -- -- --

MIDT3451 +.000R05 +3% Reading
_

+18 K +8 K +5 K-- --

MIDT3451 .152R05 73% Reading -- -- 710 K
MIDT3451 + 152R05 T3% Reading -- -- 748 K

-+T8 K +Y7 K

-
+5 K 750 K

MIDT3992 +.000R08 T3% Reading -- -- -- 2- -+5 K

MIDT3992 .152R08 73% Reading -- -- -- -- +T6 K
~

MIDT3992 +.152R08 {3% Reading -- -- -- -- 17 K

DELT3121 225 ROI +3% Reading +0.1 K +1 K -- -- --

DELT 3122 225 R02 T3% Reading Il K T1 K -+1 K +1 K +5 K
DELT3123 225 R03 {3% Reading {1K {1K -- -- --

g DELT3124 225 R04 +3% Reading +0.2 K +1 K -- -- --

_

o DELT3124 135 R04 +3% Reading +0.1 K +1 K -- -- --

DELT3451 225 R05 +3% Reading
,

+1.5 K +1 K
DELT3452 225 R06 T3% Reading -- -- T1.5 K T1 K

-+5 K
-- --

--

-

DELT 3992 225 R08 T3% Reading -- -- -- T-

DELT3121 CVSP ROI I3% Reading -- -- +5 K +2 K
-+5 K

--

DELT3122 CVSP R02 {3% Reading -- -- {7K {2K --

TS RD3121 +.000R01 +3% Reading +6 K +17 F. +10 K +5 K --

TSRD3121 .152R01 T3% Reading 75 K T22 K T16 K +T2 K --

TSRD3121 +.152R01 T3% Reading -+44 K ~T48 K -T17 K -T36 K
--

TSRD3123 +.000R03 T3% Reading +5 K +8 K -- -- --~

A TSRD3123 .152R03 I3% Reading +Y9 K 75 K -- -- --

C TSRD3123 +.152R03 [3% Reading {26K +40 K -- -- --

O TSRD3451 +.000R05 +3% Reading -- -- +45 K ~+14 K +5 K
TSRD3451 .152R05 T3% Peading -- -- T38 K +7 K +44 K

~

TSRD3451 +.152R05 {3% Reading -- -- +34 K {4K [49Kc
TSRD3992 +.000R08 +3% Reading -- -- -- -- +5 K

_
Y39KTSRD3992 .152R08 +3% Reading -- -- -- --

TS RD 3992 +.152R08 +3% Reading -- -- -- -- +30 K
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TABLE B-1 (continued)

Bias Uncertainties

Mea surement Random Uncertaintica* Test LLR-SO Test LLR-3 Test LLR-5 Test LLR-4 Test LLR-4A

CAMMAFLX +.228 TT +17% Reading +50% Reading +50% Reading +30% Reading +50% Reading +50% Readin,e
GAMMAFLX +.000 TT T17% Reading 750% Reading 750% Reading T30% Reading 750% Reading 750% Reading
CAMMAFLX .228 TT [17% Reading [50% Reading [50% Reading [30% Reading [50% Reading [50% Reading

Measurement Spool ,

6

ICSSTEMP TE20 SPIC +1% Reading +5 K +4 K +2 K +5 K +5 K
CLSSTEMP TE22SPCL 73% Reading 75 K 76 K T5 K T5 K 75 K
HLSSTEMP TZ23SPHL [3% Reading [6K 75 K +10 K T5 K [5K
ICTCTEMP TE21 SPIC +3% Reading -- -- -- -- +5 K
CLTCTEMP TE24SPCL T3% Rea/ing -+10 K +5 K +84 K +5 K 75 K
HLICTEMP TE25SPHL [3% Reading +7 K +92 K [80K [5K [3K

w ICPRESSF PE08 SPIC +0.65 MPa +2% Reading -- +2.2 MPa 0 +0.8 MPa -+0.2 MPaU CLPRESSF PE10SPCL 70.65 MPa T2% Reading +1.4 MPa 70.4 MPa +2.4 MPa T2.2 MPa --

HLPRESSF PE12SPHL [0.65MPa[2% Reading [0.7MPa [0.5MPa [1.0MPa T- --

ICPRESSW PLQ9 SPIC +0.65 MPa +2% Reading +0.7 MPa +0.1 MPa +0.5 MPa +0.8 MPa --

CLPRESSW PEllSPCL 70.65 MPa 72% Reading I1.9 MPa 72.0 MPa I2.0 MPa 70.6 MPa --

HLPRESSW PE13SPHL [0.65MPa[2% Reading [0.8MPa [0.8MPa [1.0MPa [0.2MPa --

DELPCLHL DPE-05HL +10% Reading +10% Reading +10% Reading +10% Reading -- --

ICSVFLOW FE05 SPIC e +1% Reading +1% Reading +20% Reading -- --

Il% Reading Il% Reading T20% Reading -+20% Reading --CLSVFLOW FE06SPCL c
[1% Reading [1% Reading [20% Reading -- --HLSVFLOW FE09e?HL c

CLDENSUP DENSlUCL 0 -- -- 0 -- 0
CLDENSCE DENSICCL 0 -- 0 0 -- 0
CLDENSLO DENSILCL 0 -- -- 0 -- 0

__

CLDENAVE DENSI CL 0 -- -- 0 -- 0
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