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ABSTRACT

Recorded test data are presented for Test S-07-8 of the Semiscale N1od-3 baseline test series. This test is
one of seseral Semiscale Niod-3 experiments conducted to insestigate the thermal and hydraulic
phenomena accompanying a hypothesized loss-of-coolant accident in a pressurized water reactor (PWR)
system. Test S-07-8 was conducted from initial conditions of 15.7 NiPa and 556 K to inses' gate the
response of ihe Semiscale N10d-3 system to a blowdown transient following a simulated double-ended off-
set shear of the broken loop cold leg piping. The specific objectis e of this test was to proside reference data
to evaluate integral blowdown and reflood behasior during a 200%, cold leg break with emergency core
coolant (ECC) injection into the vessel low er plenum of the Niod-3 system. The pur, xe of this report is to
make asailable the uninterpreted data ' Test S-07-8 for future data ana:ysis. The data, presented in the

form of graphics in engineering uni , ..ase been analyzec only to the extent necessary to ensure that they
are reasonable and consistent.
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SUMMARY

Test S-07-8 was performed as part of the Semiscale Mod-3 portion of the Semiscaie Program conducted
by EG&G idaho, Inc., for the United States Gosernment. This test was part of the N1od-3 baseline test
series (lest Series 7) performed to insestigate the response of the Stod 3 system during a blowdown and
reflood transient. Hardware configuration and test parameters were selected to yield a system response
that simulates 'he response of a pressurized water reactor to the blowdown and reflood portions of a
hy pothesized loss-of-coolant accident (LOCA).

The objectise of Test S-07-8 was to provide reference data to evaluate mtegral blewdown and refl >od
behasior durmg a 200ro cold leg break with emergency core coolant injection into the , essel lower plenum
of the N1od-3 system.

- Th- N1od-3 system was equipped with a pressure sessel with simulated reactor internals and an external
downeomer assembly; an intact loop with steam generator, pump, and pressurizer; a b iken loop with
steam generator, pump, and rupture assembl.s; high and low pressure coolant injection pumps and coolant
injection accumulator for the vessel lower plenum; and a pressure suppression system with header,
suppression tank, and steam supply system. The electrically heated core consisted of 25 rods of which 23.

were powcred.

Test S-07-8 was conducted from initial conditions of 15.7 N1Pa and 556 K with a simulated full size
(2000 ) double-ended offset shear of the broken loop piping at an initial core power lesel of 1.99 N1W.0

After initiation of blowdown, power to the heated core was reduced o simulate the predicted heat flux
response of nuclear fuel rods during a 1.OCA.

The test was generally conducted as specified. Conditions which did not conform to the specified test
configuration were considered acceptabM for analysis purposes wit'iin the test objectives. The instrumenta-
tion used generally functioned as intended. Of 211 measurements 'aken,208 produced usable data.
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,
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'
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-
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35. Fluid temperature in seuel, cere , :ide tube ('l1 GV 330), from -20 to 260 s 43
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from -20 to 260 s 41
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from -6 to 42 s 41

.

39. Fluid temperature in core, Grid Spacer I (TFG-1 AB-12), from -20 to 260 s 42

40. Fluid temperature in core, Grid Spacer 1 (TFG-1 AB-12), from -6 to 42 s 42
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,
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.
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53 Fluid temperattue in intact loop steam generator, secondary feedwater line
TF1-SGFW), from -20 to 260 s 49

54. Fluid temperature in iatact loop steam generator, secondary feedwater line
(TF1-SGFW), from -6 to 42 s 49

s5. Fluid temperature in intact loop steam generator, secondary side steam dome
(TF1-SD), from -20 to 260 s 50

.

56. Fluid temperature in intact loop steam generator, secondary side steam dome
( TI l-SD), Fom -6 to 42 s 50

57. Fluid temperature in broken loop, prest"re suppression systen tank .

(TFB-PS43 and TI B-PS330), from -20 to 260 s 51
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58. Fluid temperature in broken loop, pressure suppression system tank
(TFB-PS43 and TFB-PS330), from -6 to 42 s - 51

59. N1aterial temperate intact loop (TN1I-lT16 and TN11-17S16), from -20 to 260 s 52-

.
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69. N1aterial temperature in upper 5essel(TNIV + 221F and TN1V + 79D),*

from -20 to 260 s 57
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from -20 to 260 s 60

76. Niaterial temperature in broken loop, steam generator tube TN1B-SGT734),-

from -6 to 42 s 60

77. Core heater temperature, Rod B-3 (T H-B3-180, Til-B3-226, and TH-B3-353),
from -20 to 260 s 61,

78. Core heater temperature, Rod B-3 (Til-B3-180, Til-B3 '26, and TH-B3-353),
from -6 to 42 s 61
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.
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87. Core heater temperature, Rod A-3 (TH-A3-208, TH-A3-229, and TH-A3-291),
from -20 to 260 s 66

.

88. Core heater temperature, Rod A-3 (TH- A3-208, TH-A3-229, and TH-A3-291),
from -6 to 42 s 66

89. Core heater temperature, Rod A-4 (TH-A4-40, TH-A4-108, TH-A4-181, and TH-A4-191),
*

from 20 to 260 s 67

90. Core heater temperature, Rod A-4 (TH-A4-40, TH-A4-108. TH- A4-181, and TH- * 191),
from -6 to 4? ' 67

91. Core heater temperature, Rod A-5 (TH-AS-164, TH-A5-179, and TH- A5-252),
from -20 to 260 s 68

92. Core heater temperature, Rod A-5 (TH-AS-164, TH-A5 '.79, and TH-AS-252),
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*
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97. Core heater temperature, Rod D-5 (TH-DS-137, TE-D5-179, TH-D5-254, and TH-D5-322),
from -20 to 260 s 71
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98. Core heater temperature, Rod D-5 (Til-D5-137, Til-D5-179, Til-D5-254, and Til-D5-322),
from -6 to 42 s 71

99. Core heater :emperature, Rod E-1 (Til-El-252 and Til-El-321), from -20 to 260 s 72
e

100. Core heater temperature, Rod E-1 (Til-El-252 and Tll-El-321), from -6 to 42 s 72

101. Core heater temperature, Rod E-2 (Til-E2-109, Til-E2-190, and TV-E2-353),
from -20 to 260 s 73-

102. Core heater temperature, Rod E-2 (Til-E2-109, Til-E2-190, and Til-E2-353),
from -6 to 42 s 73

103. Core heater temperature, Rod E-3 (Tli-E3-134, Til-E3,207, Til-E3-223, and Ill-E3-290),
from -20 to 260 s 74

104. Core heater temperature, Rod Li-3 (Til-E3-134, Til-E3-207, Til-E3-223, and Tii-E3-290),
from -6 Io 42 s 74

105. Core heater temperature, Rod E-4 (Til-E4-180 and Tii-E4-354), fr im -20 to 260 s 75

106. Core heater temperature, Rod E-4 (Til-E4-180 and Til-E4-3545 from -6 to 42 s 75

107. Core heater temperature, Rod E-5 (Til-E5-227), from -20 to 260 s 76

108. Core heater temperature, Rod E-5 (Til-E5-227), from -6 to 42 s 76
.

109. Pressure in intact loop cold leg (PI-16 and PI-17AI.), from -20 to 260 s 77

110. Pressure in intact loop cold leg (PI-16 and PI-17Al.), from -6 to 42 s 77
-

I11. Pressure in broken loop hot leg (PB-20ll), from -20 to 260 s 78

112. Pressure in broken loop hot leg (Pil-20B), from -6 to 42 s 78

113. Presstn e m broken loop cold leg, pump side (PB-40B), from -20 to 260 s 79

114. Pressure in broken loop cold leg, pump side (PB-40B), from -6 to 42 s 79

115. Pressure in broken loop blow dow n no//le (Pil-44-6A), from -20 to 260 s 80

116. Pressure in broken loop blow dow n nozzle (PB-44-6A), from -6 to 42 s 80

117. Pressure in broken loop cold leg, s essel side (PB-45 A), from -20 to 260 s 81

118. Pressure in broken loop cold leg, vessel side (PB-45 A), from -6 to 42 s 81

119. Pressure in vessel upper and lower plenum (PV-13 and PV-442), from -20 to 260 s 82,

120. Pressure in s essel upper and low er plenum (PV-13 and PV-442), from -6 to 42 s 82

|.l. Pressure in sessel ECC injection accumulator (PV-ACCl), from -20 to 260 s 83.

122. Pressure in vessel ECC injection accumulator (PV- ACCl), from -6 to 42 s 83
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123. Pressure in sy stem steam generators, secondary side steam dome (PI-SD and PB-SD),
from -20 to 260 s 84

124. Pressure in sy stem steam generators, secondary side steam dome (PI-SD and PB-SD),
from -6 to 42 s 84 .

125. Pressure m prewurizer (PI-PRIZE), from -20 to 260 s 85

'6. Pru. are in pressurizer (PI-PRIZE), from -6 to 42 s 85
,

127 Pressure in broken loop pressure suppression tank (PB-PSS), from -20 to 260 s 86

128. Pressure in brok en loop pressure suppression tank (PB-PSS), from -6 to 42 s 86

129. Differential pressure in intact loop (DI-13V-1 A), from -20 to 260 s 87

130. Dif ferential pressure in intact loop (DI-13V-1 A), from -6 to 42 s 87

131. Differential pressure in intact loop (DI-1 A-6), from -20 to 260 s 88

132. Differential pressure in intact loop t DI-1 A-6), from -6 io 42 s 88

133. Differential pressure in intact loop (DI-6-7), from -20 to 260 s .89

134. Differential pressure in intact loop (DI-6-7), from -6 to 42 s 89

135. Differential pressure in intact loop steam generator,iniet plenum to o"tlet plenum ,

(DI-SGI-SGO), from -20 to 260 s 90

136. Differential pre sure in intact loop steam genera *or, inlet plenum to outlet plenum
(DI-SGI-SGO), from -6 to 42 s 90

.

137. Differential pressure in intact loop (DI-7-13), from -20 to 260 s 91

138. Dif feremial pressure in intact loop (DI-7-13), frorn 6 to 42 s 91

139. Differential pressure in intact loop (DI-13-15), from -20 to 260 s 92

140. Differential pressur m intact loop (DI-13-15), from -6 to 42 s 92

141. Dif ferential pressure in intact loop (DI-15-17A), from -20 to 260 s 93

142. Differential pressure in intact loop (Dl-15-17A), from -6 to 42 s 93

143. Difrerential pressure in intact loop (Dl-1/A-DI A), f rom -20 to 260 s 94

144. Dif ferential pressure in intact loop (DI-17A-DI A), from -6 to 42 s 94

~

145. Differential pressure in broken loop (DB-13V-20B), from -20 to 260 s 95

146. Differential pressure in broken loop (DB-13V-20B), from -6 to 42 s 95

147. Dif ferential pressure in broken loop (DB-20B-21), from -20 to 260 s 96 *
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148. Differential pressure in broken loop (DB-2JB-21), from -6 to 42 s 96

149. Differential pressure in broken loop (DB-21-27A), from -20 to 266 s 97

150. Differential pressure in broken loop (DB-21-27A), from -6 to 42 s 9'"

151. Differential pressure in broken loop steam generator (DB-SGI-SGO),
from -20 to 260 s 98

.

Differential pressure in ' roken loop steam generator (DB-SGI-SGO),152. c

from -6 to 42 s 98

153. Differer .at pressure in broken loop (DB-27A-37A), from -20 to 260 s 99

154 Differential pressure in broken loop (DB-27A-37A), f rom -6 to 42 s 99

155. Differential pressure in broken loop (DB-37A-40B), from -20 to 260 s 100

156. Differential p essure in broken loop (DB-37A-40B), from -6 to 42 s 100

157 Differential pr essure in broken loop (DB-37A-40L), from -20 to 260 s 101

158. Differential pressure in broken loop (DB-37A-40L), from -6 Io 42 s 101

159. Dif ferential pressure in broken loop (DB-40B-43 A), from -20 to 260 s 102

- 160. Differential pressure in broken loop (DB-40B-43 A), from -6 to 42 s le2

161. Differential pressure in broken loop (DB-40B-45 A), from -20 to 260 s 103

162. Differential pressure in broken loop (DB-40B-45A), from -6 to 42 s 103,

163. Differential pressure in broken loop (DB-45 A-43), from -20 to 260 s 104

164. Differential pressure in broken loop (DB-45 A-43), from -6 to 42 s 104

165. Dif ferential pressure in broken loop (DB-45A-DI A), from -20 to 260 s 105

166 Differential pressure in broken loop (DB-45 A-DI A), from -6 to 42 s 105

167. Differential pressure in dow neomer (DD-DI A-13V), from -20 to 260 s 106

168. Dif ferential pressure in dov neomer (DD-DI A-13V), from -6 to 42 s 106

169. Diff erential pressure in dow neomer (DD-DI A-170), from -20 to 260 s 107

170. Differential pressure in dow neomer (DD-DI A-170), from -6 to 42 s 107

.

171. Differential pressure in dow neomer (DD-DI A-578), from -20 to 260 s 108

172. Differential pressure in dow neomer (DD-DI A-578), from -6 to 42 s 108

f 173. Differential pressure in dow neomer (DD-170-435), from -20 to 260 s 109

174. Differential pressure in dow neomer (DD-170-435), from -6 to 42 s 109
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175. Differential pressure in downcome. (DD-435-578), f rom -20 to , 50 s 110

176. Differential pressure in dow neomer (DD-435-578), from -6 to 42 s 110

177. Differential pressure in sessel(DV-578-501), from -20 to 260 s 111 -

178. Differential pressure in vessel (DV-578-501), from 6 tc 42 s 111

179. D;i.irential pressure in vessel (DV-578-11), from 20 to 260 s 112 ,

180. Differential pressure in vessel (DV-578-13), from -6 to 42 s 112

181. Differential pressure in vessel (DV-501-442), from -20 to 260 s 113

182. Differential pressure in sessel(DV-501-442), from -6 to 42 s 113

183. Differential pressure m vessel (DV-501-105), from -20 to 260 s 114

184. Differential pressure in s essel (DV-501-105), from -6 to 42 s 114

185. Differential pressure in vessel (DV-501-13 A), from -20 to 260 s 115

186. L'ifferential pressure in vessel (DV-501-13A p, from -6 to 42 s 115

187 Dif ferential pressure in vessel (DV-442-278), from -20 to 260 s 116

I88. Differential pressure in vessel (DV-442-278), from -6 to 42 s 116 .

189. Differential pressure in vessel (DV-278-154), from -20 to 260 s 117

190. Differential pressure in vessel (DV-278-154), from -6 to 42 s 117
.

191. Differential pressure in sessel(DV-105-13), from -20 to 260 s 118

192. Differential pressure in s essel (DV-105-13), from -6 to 42 s 118

193. Differential pressure in sessel(DV + 421 - 154), from -20 to 260 s 119

194. Differential precsure in vessel (DV + 421 + 154), from -6 to 42 s 119

195. Differential pressure in sessel(DV + 159-105), from -20 to 260 s 120

196. Differential pressure in vessel (L)V + 159-105), from -6 to 42 s 120

197. Differential pressure in sessel(DV + 154-105), from -20 to 260 s 121

198. Differential pressure in cessel(DV + 154-105), from -6 to 42 s 121

.

199. Dif ferential pressure in s essel ECC accumulator (DV-ACCl-LL), from -20 to 260 s 122

200. Differential pressure in s essel ECC accumulator (DV-ACCl-LI ), from -6 to 42 s 122

201. Differential pressure in intact loop steam generator, secondary side liquid les el(DI-SG-LL), e

from -20 to 260 s 123
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202. Differential pressure in intact loop steam generator, secondary side liquid level (DI-SG-LL),
from -6 to 42 s 123

203. Differential pressure in broken loop steam generator, secondary liquid level (DB-SSI-SS4),
from -20 to 260 s 124

'

204. f'ifferential pressure in broken loop steam generator, secondary liquid level (DB-SSI-SS4),
from -6 to 42 s 124

.

205. Volumetric flow in intact loop (FI-l and FI-l1), from -20 to 260 s 125

206. Volumetric flow in intact loop ;FI-I and FI-l1), from -6 to 42 s 125

207 Volumetric Gow in intact loop (F1-16 and FI-17), from -20 to 260 s 126

208. Volumetric flow in intact loop (FI-16 and FI-17), from -6 to 42 s 126

209. Volumetric flow in broken loop (FB-20 and FB-37), from -20 to 260 s 127

210. Volumetric flow in broken loop (FB-20 and FB-37), from -6 to 42 s 127

211. Volumetric flow in broken loop (FB-40 and FB-45), from -20 'o 260 s 128

212. Volumetric fiow in broken loop (FB-40 and FB-45), from -6 to 42 s 128

213. Volumetric flow in dow neomer (FD-424), from -20 to 260 s 129
.

214 Volumetric now in dow neomer (FD-424), from -6 to 42 s 129

215. Volur.ietrie flow in sessel upper plenum (FV + 1), from -20 to 260 s 130
-

216. Volumetric flow in sessel upper plenum (FV + 1), from -6 to 42 s 13J

217 Volumetrie now in vessel, high pressure injection system (FV-IIPIS), from -20 to 260 s 131

218. Volumetric How in sessel, high pressure injection system (FV-IIPIS), from -6 to 42 s 131

219. Volumetrie Dow in s essel, low pressure injection system (FV-LPIS), from -20 to 260 s 132

220. Volumetric flow in vessel, low pressure injection system (FV-LPIS), from -6 to 42 s 132

221. Volumetric flow in vessel, ECC accumulator (FV-ACCl), from -20 to 260 s 133

222. Volumetric flow in s essel, ECC accumulator (FV-ACCl), from -6 to 42 s 133

223. Volumetric flow in intact loop, pressurizer surge line (F1-PRIZE), from -20 to 260 s 134

224. Volumetric flow in intact loop, pressurizer surge line (FI-PRIZE), from -6 to 42 s 134,

225. N1omentum Dux in broken loop (NB-20), . om -20 to 260 s 135

226. N!omentum flux in broken leop (NB-20), from -6 to 42 s 135
,

227. N1omentum Dux in broken loop (NB-40), from -20 to 260 s 136
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228. N1oment.im flux in broken loop (NB-40), from -6 to 42 s 136

229. N1omentum flux in broken loop (NB-45), from -20 to 260 s 137

230. N1omentum flux in broken loop (NU-45), from -6 to 42 s 137 ,

231. N1omentum flux in core outlet (NV-9), fron:-20 to 250 s 138

232. N1omentum flux in core outlet (NV-9), from -6 to 42 s i38
,

233. N!omentum flux in core inter (NV-499), from -20 to 260 s 139

234. N1omentum flux in core inlet (NV-499), from -6 to 42 s 139

235. Density in intact loop (GI-lT and GI-lB), from -20 to 260 s 140

236. Density in intact loop (GI-lT and G'-lB) from -6 to 42 s 140

237. Density in intact loop (GI-IC), from -20 to 260 s 141

238. Densi y in intact loop (Gi-1C), from -6 to 42 s 141

239. Density in intact loop (GI-5VR), from -20 to 260 s 142

240. Density in intact loop (GI-5VR), from -6 to 42 s 142

241. I)ensity in intact loop (GI-13T and GI-138), from -20 to 260 s 143 ,

242. Density in intact loop (GI-13T and GI-13B), from -6 to 42 s 143

243. Density in intact loop (GI-13C), from -20 to 260 s 14t
.

244. Density in intact 'aop (GI-13C), from -6 to 42 s 144

245. Density in intact loop (GI-17T and GI-17B), from -20 to 260 s 145

246. Density in intact loop (GI-17T and GI-17B), from -6 to 42 s 145

247 Density in intact loop (GI-17C), from -20 to 260 s 146

248. Density in intact loop (GI-17C), from -6 to 42 s 146

249. Density in broken loop (GB-37), from -20 to 260 s 147

250. Density in broken loop (GB-37), from -6 to 42 s 147

251. Density in broken loop (GB-40VR), from -20 to 260 s 148

*

252. Density in broken loop (GB-40VR), from -6 to 42 s 148

253. Density in broken loop (GB-45VR), from -20 to 260 s .'c

254. Density in broken loop (GB-45VR), from -6 to 42 s 149 e

255. Density in downcomer (GD-72B), from -20 to 260 s 150 ,
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256. Density in dow neomer (GD-7211), from -6 to 42 s 150

257. Density in dow neomer (GD-260ll), from -20 to 260 s 151

258. Density in dow neomer (GD-260ll), from -6 to 42 s 151
,

259 Density in dow neomer (GD-45611). from -20 to 260 s 152

260. Density in dow neomer (GD-45611), from -6 to 42 s 152

261. Density in sessel(GV 4 339), from -20 to 260 s 153

262. Density in sewel(GV + 339), from -6 to 42 s 153

263. Density in sessel(GV + 174), from -20 to 260 s 154

264. Density in sessel(GV + 174), from -6 to 42 s 154

265. Jensity in sessel(GV-11), from -20 to 260 s 155

266. Density in s essel(GV-11:, from -6 to 42 s 155

267 Density in s essel(GV-154-23 and GV-164-A3), from -20 to 260 s 156

268. Density in s essel(GV-154-23 and GV-164- All), fr om -6 to 42 s 156

269. Density in s essel(GV-243-23), from -20 to 260 s 157
,

270. Density in s ewel(GV-243-23), from -6 to 42 s 157

271. Density in s essel(GV-313-23 and GV-323-All), from -20 to 260 s 158
.

272. Density in s essel(GV-313 23 and GV-323-All), frr... -6 to 42 s 158

273. Density in sewel(GV-383-23), from -20 to 260 s 159

274. Density in sessel(GV-3S3-23), from -6 to 42 s 159

275. Density in s euel(GV-483-23), from -20 to 260 s 160

276. Density in sessel(GV-4S3-23), from -6 to 42 s 160

277. Dtnsity in s essel(GV-52S-588), from -20 to 260 s 161

27S. Density in sessel(GV-528-SSS), from i to 42 s 161

279 Density in s ewel(GV-546-23), from -20 to 260 s 162

~

280. Density in sessel(GV-546-23), from -6 to 42 s 162

2S1. Density in intact loop preuurizer (GI-lWlZli), from -20 to 260 s 163

2S2. Density in intact loop pressurizer (bi-l'RIZE), f rom -6 to 42 s 163.

283. Mau tiow in intact loop (F1-1 and Gl-lC), from -20 to 260 s 164
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284. ' lass now in intact loop (F1-1 and GI t C), from -6 to 42 s 164,

235. N1 ass flow in intact loop (F1-16 and GI-17C), from -20 to 260 s 165

286. N! ass flow in intact loop (F1-16 and G 7C), from -6 to 42 s 165 ,

287. N! ass flow in imaet loop (F1-17 and GI-17C), from -20 to 260 s 166

288. Niass now in intact loop (F1-17 and GI-17C), from -6 to 42 s 166
,

289 N! ass Dow in broken loop (FB-37 and GB-37), from -20 to 260 s 167

290. Niass flow in broken loop (Fil-37 and GB-37), fiom -6 to 42 s 167

291. N1 ass flow in broken loop (FB-40 and GB-40VR) from -20 to 260 s 168

292. N1 ass flow in broken loop (1 B-40 and GB-40VR), from -6 to 42 s 168

293. NIass How in broken loop (NB-40 and GB-40VR), from -20 to 260 s 169

294. Niass flow in broken loop (NB-40 and GB-40VR), from -6 to 42 s 169

295. N1 ass How in broken loop (FB-45 and GB-45), from -20 to 260 s 170

296. Ntass How in broken loop (FB-45 and GB-45), from -6 to 42 s 170

297. N1 ass flow ir. broken loop (NB-45 and GB-45), from -20 to 260 s 171 ,

298. Niass now in broken loop (NB-43 and GB-45), from -6 to 42 s !71

299. Nf ass flow in dow reomer (FD-424 and GD-456B), from -20 to 260 s 172
-

300. Niass flow in dow neomer (FD-424 and GD-456B), from -6 to 42 s 172

301. N1 ass Dow in sessel(FV 1 and GV-1I), from -20 to 260 s 173

302. N! ass flow in sessel(FV - 1 and GV-11), from -6 to 42 s 173

303. N1 ass flow in vessel (NV-9 and GV-11), from -20 to 260 s 174

304. Ntass flow in sessel(NV-9 and GV-11), from -6 to 42 s 174

305. NTass flow in s essel(NV-499 and GV-483-23), from -20 to 260 s 175

306. Niass flow in sessel(NV-499 and GV-483-23), from -6 to 42 s 175

307. Core heater high power bus amperage (All-ill), from -20 to 260 s 176

'

308. Core hecter high powc: bus amperage (All-fil), from -6 to 42 s 176

309. Core heater high power bus soltage (Vii-lil), from -20 to 260 s 177

310. Core heater high power bus voltage (Vil-lil), from -6 to 42 s 177 -

311. Core heater low power bus amperage ( AH-1 O), from -20 to 260 s 178
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312. Core heater low power bus amperage (AH-LO), from -6 to 42 s 178

313. Core heater low power bus voltage (VH-LO), from -20 to 260 s 179

.

314. Cort heater low power bus voltage (VH-l.0), from -6 to 42 s 179

315. Intact loop pump speed (SI-PUNIP), from -20 to 260 s 180

316. Intact loop pump speed (SI-PUN 1P), from -6 to 42 s 180

317. Broken loop pump speed (SB-PUNIP), from -20 to 260 s 181

318. Broken loop pump speed (SB-PUNIP), from -6 o 42 s 181

319. Broken loop pump power (WB-PUN 1P), from -20 to 260 s 182

320. Broken loop pump power (WB-PUN 1P), from -6 to 42 s 182

B-1. Geometry used for processing of density data obtained from
two-beam gamma densitometers 194

C- 1. Fluid temperature in intact loop (TF1-1) 206

C-2. Fluid temperature in broken .* , ,TFB-20) 206

C-3. I luid temperature in downcomer (TFD-294) 207

C-4. Fluid temperature in vessel (TFV-578A) 207

C-5. Fluid temperature in sessel(TIFV + 79D) 208

C-6. Fluid temperature in core, Grid Spacer 5 (TFG-5 AB-45) 208

C-7. N1aterial temperature in intact loop hot leg (TN11-IT16) 209

C-8. N1aterial temperature in brokea loop hot leg (TN1B-20B16) 209

C-9. N1aterial temperature in dow neomer (TNID-364) 210

C- 10. N1aterial temperature in sessel(TNIV + 79D) 210

C-11. Core heater temperature, Rod C-2 (TH-C2-8) 211

C- 12. Core heater temperature, Rod C-2 (TH-C2-180) 21|

C- 13. Pressure m intact loop cold leg (Pl.16) 212

*

C-14. Pressure in breken loop cold leg (PB-45 A) 212

C-15. Pressure in sestel accumulator (PV-ACCl) 213

C-16. Pressure in broken loor steam generator, secondary side steam dome (PB-SD) 213.

!7 Differential pressure in intact loop (DI-6-7) 214<
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C- 18. Dit ferential pressure in intact loop (DI-7-13) 214

C- 19. Differen'ial pressur-in broken loop (DB-37A-401.) 215

C-20. Differential pressure in dow neomer (DD-DI A-578) 215 .

C-27 Differential pressure in sessel(DV-501-105) 216

C-22. Differential pressure in intact loop steam generator, secondary side
liquid les el (DV-501-442) 216

C-23. Volumetric flow in intact loop (F1-1) 217

C-24. Volumetric flow in intact loop (F1-i - 217

C-25. Volumetric flow in broken loop (FB-45) 218

C-26. Volumetric flow in dow neomer (FD-424) 218

C-27 Volumetric flow in sessel upper plenum (FV - 1) 219

C-28. Volumetric flow in s essellower plenum, low pressure injection system (FV-1.PIS) 219

C-29. Density in intact loop (GI-l T) 220

C-30. Density in intad !non tGI 1 D - 220

.
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EXPERIMENT DATA REPORT 5 OR SEMISCALE
MOD-3 LOWER PLENUM INJECTION

TEST S-07-8
(BASELINE TEST SERIES)

1. INTRODUCTION

The Semiscale N1od-3 experiments represent the curim phase of the Semiscale Program conducted by
EG&G Idaho, Inc., for the United States Gosernment. The program, which is sponsored by the Nuclear
Regulatory Commission through the Department of Energy, is part of the owrall progran. designeo to
insestigate the response of a pressurized water reactor (PWR) system to a hyyotnesized loss-of-coolant
accident (LOCA). The underlying objectises of the Semiscale Program are to quantify the physical pro-
cesses controlling system behasior during a LOCA and to provide an experimental data base for assessing
reactor safety evaluation moJels. The Semiscale Ntod-3 Program has the further objectise of providing
support to other experimemal programs ir 'he form of instrumentation assessment, optimization ,f test
series, selection of test px i eters, and evaluation of test results.

Test S-07-8 was conducted N1 arch 16,1979, in the Semiscale Niod-3 system as part s J the basunie test
series (Test Series 7). This series was designed to obtain thermal-hydraulic response data from blowdown,
refill, .nd reflood transients in a simulated nuclear reactor hasing an eiectrically heated core. The sp_cific
objective of Test S-07-8 was to provide reference data to evaluate integral blowdown ar. ' reflood bel.avier
during a 200ro cold leg break with emergency core coolant (ECC) injection into the vessellower plenum of
the N1od-3 system. Hardware configuration and test parameters were selected to yield a system response
that simulates the response of a PWR to a hypothesized LOCA blowdown tiaasient.

The purpose of this report is to present the test in an uninterpreted but readily usable form for use by the
nuclear community in advance of detailed analysis and interpretation. Section II briefly describes the
system configuration, procedures, and initial test conditions, and es ents that are applicable to Test S-07-8;
Section III presents the data graphs and presides comments and supporting information necessary for
interpretation of the data. A description of the oserall Semiscale Program and test series, a more detailed
description of the Semiscale Ntod-3 system, and a description of the measuiement and data processing
techniques and uncertainties can be found in References I and 2.
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ll. SYSTEM, PROCEDURES, CONDITIONS, AND EVENTS
FOR TEST S-07-8

The following system configuration, procedures, initial test conditions, and events are specific to .

Test S-07-8 as indicated.

1. SYSTEM CanlFIGURATION AND TEST PROCEDURES

The Semiscale N1od-3 system used for the test consisted of a pressure vessel with simulated reactor
.

internals, including a 25-rod core with 23 electrically heated rods and an external dow neomer assembly; an
intact loop with steam generator, pump, and pressurizer; a broken loop with steam generator, pump, and
rupture assembly; high and low pressure injection pumps and cwtant injection accumulator for the vessel
lower plenum; and a pressure suppression system with a suppression tank, header, and steam st.pply
system. The Semiscale N1od-3 experimental system configuration is described further in Reference 2.
Figures 1 and 2 show the system configuration for the test.

For Test S-07-8, the nine center rods were powered 12.5ro higher than the remaining 14 low powered
rods, resulting in high and low power rod peak densities of 39.5 kW/m and 35.1 kW/m, respectisely. The
total core power was 1.99 N1W. One rod (Rod E-5) was unpowered and another rod (Rod A-1) was
replaced by a liquid lesel probe.

In preparation for the test, the system was filled with treated demineralized water and vented at strategic
pomts to ensure a liquid-full system. Treated demineralized water in the steam generator feedwater tank
was heated to 490 K, and the required lesels were established in the steam generator secondary sides. The
accumulator for the vessellower plenum was filled with treated demineralized water, drained to specified
initial lesels, and pre 3surized with nitrogen to 4.14 N1Pa.a Prior to warmup, the system was pressurized to
check for leakage; system instrumentation was checked; and transducer readings were set to zero. Warmup
to initial test conditions w as accomplished with the heaters in the sessel core. During warmup, the purifica-
tion and sampling sptems were sahed into the primary system to maintain water chemistry requirements
and to proside a water sample at system conditions for subsequent analysis. At 50-K temperature intersals
during warmup, detector readings were sampled to allow the integrity of the measurement instrumentation
and the operability of the data acquisition system to be checked.

Prior to the initial core power les el being estColished, the pressure suppression system was pressurized to
0.24 VPa with saturated steam from the steam supply system. After the core power was increased to
1.99 N1W, initial test conditions were held for 915 s to establish equilibrium in the system. At the end of
this period all auxiliary systems were isolated to present blowdow n through those systems.

The system was successfully subjected to a simulated double-ended cold leg break through a rupture
2assembly and two blowdown notiels having a total break area of 4.59 cm . Pressure to operate the rupture

assembly and initiate blowdown was taken from an accumulator system filled with water and pressurized
to 15.6 N1Pa with gaseous nitrogen. Immediately (within 0.02 s) after ini iation for blowdown, the lines to
the accumulator were again isolated. The effluent was ejected from the primary system into the pressure
suppression system which was sented to maintain a constant pressure of J.243 N1Pa. At blowdown, power
to the primary coolant circulation pump was reduced and the pump was allowed to coast down to a speed
of 130 rad /s which was maintained for the duration of the test. During the blowdown transient, power to
the electrically heated core was automatically controlled to simulate the thermal response of nuclear heated
fuel rods.

For Test S-07-8, the coolant injection systems were arranged to discharge into the vessel twer plenum.
The high pressure coolant injection pumps were started at initiation of blowdown with coolant injection

.

a. All pressures are presented as absolute values.
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starting at a pressure of 12.4 MPa, and continued running (as pressure descreased) until the end of the test
(800 s). Low pressure coolant injection was initiated 29.5 s after blowdown at a system pressure of
1.0 MPa and continued until test termination (800 s). Coolam injection from the sessel _ cumulator
started 19 s and terminated 55 s after blowdow n. The total solume of coolant injected into the sessel from
the accumulator and injecti.m line w as 46.21. Nitrogen was not discharged into the system.

2. INITIALTEST CONDITIONS AND SEQUENCE OF EVEN~ S

. Conditions in the 3erniscale Mod-3 system at initiation of blowdow n are gis en in Tables I and II, and the
sequence of esents relatise to rupture is gisen in Table 111.

e
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TABLE I

CONDITIONS AT BLOWDOWN INITIATION

__

.

Test S-07-8

#
Measured Specified

Core power (MW) 1.99 2.0 + 0.05

System pressure (MPa) 15.73 15.51 + 0.12

Intact loop cold leg fluid 556 557 + 1
tempe rat ure (K)

Broken loop cold leg fluid 559 557 + 1
t emperat ure (K)

Intact loop hot leg to cold leg 38 37 + 1
t emperat ure d i f f ercntial (K)

Broken loop hot leg *.o cold leg 36 37 + 1
temperat ure d i f f erenti al (K)

~

Intact loop cold leg flow (1/s) 9.14 b

Broken loop cold leg flow (1/s) 2.94 b

Steam generator feedwater
Ct empe r at ur e (K) 490 497 + 6

Intact loop steam generator liquid level 284 295 + 5
(cm) (a bove top of tube sheet)

Broken loop s team generator liquid level 984 996 + E
(cm) (above top of tube sheet)

Pressure suppressi on tank pressure (MPa) 244 0.241 + 0.007

Pressure suppression tank temperature (K) 299 297 + 1

a. Measured initial conditions are t aken f rom the digi tal acqui si tion

system read just pri or to bl owdown i ni ti ation. Those measured
conditions which did not meet the s pe ci f i ed condi tions were

considered acceptable.
.

b. Flow is not s peci fied , si nce it must be adjusted to achieve the

requi red d i f f erential temperature across the core.

c. One source of feedwater f or both i ntact and bcoken loops.

. . q]
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TABLE II

PRIMARY COOLANT TEMPERATURE DISTRIBl' TION
PRIOR TO RUPTURE 3

.

Test S-07-8

- Temperature
Detector (K)

Vessel lower plenum (bottom of lower plenum) TFV-572W 555

Vessel l owe r plenum s cop of lower pl enum) TFV-352A 555

Intact loop 51ct leg f r 2ar vessel) RFI-2 594
'

Broken l oop hot leg (near ve s s e l) RF6-20 595

Intact loop cold leg (near pump inlet) TFI-Il 555

B rM< 2 n loop cold leg (near pump i nl et ) TFB-37 559

Intact loop cold leg (near downcomer) RFI-17 556

Broken loop cold leg (near downcomer) RFB-45 559

Vessel upper head (middle) TFV+221Q 555

Down com er (top) TFD-18F 558

Downcom er (middle) TFD-294 559

D own comer (b o t t o. .) TF D-43 5 558

a. Average of data taken from -5 s to -0.5 s prior to blowdown
initiation.

.
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TABLE III

#
SEQUENCE OF EVENTS DURING TEST S-07-8

,

Time Relative
To Rupture

Even* (s)
'

Core power level establi shed -915

Makeup pump and pressurizer heaters off -2.5

Intact and broken loop steam generator feedwater and -1
dis charge valves cl os ed

Intact and broken loop pump control s ini ti ated 0

Core p ower decay transient started 0

High pressure injection sys tem fl ow started 0

ECC accumulator vessel lower plenum fl ow started 19

Low pressure injection system flow started 29.5

Broken loop pump power terminated 800

Core power terminated 800

a. A time controlled sequencer was used to control critical events
during the test.

b. Injection f rom high and low pressure injection system pumps and ECC
accumulators did not s t a rt until system pressure dropped below
preset pump or accumul ator pres s ure , r e s pe c t i ve l y .

.
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lil. DATA PRESENTATION

The data from Semiscale Niod-3 Test S-07-8 are presented with brief conunent. Processing analysis has
been performed only to the extent necessary to obtain appropriate engineering units and to ensure that the
data are reasonable and consistent. In all cases, in conserting transducer output to engineering units, a
homogeneous fluid was assumed. Further inteipretation and anaissis should consider that sudden decom-
pression processes such as those occurrit.; during blowdow n may hase subjected the measurement desiees
to nonhomogeneous Guid conditions.

The performance of the system during Test S-07-8 was monitored by 211 detectors. The data obtained
were recorded on both digital and analog data acquisition systems. The analog system was used to proside
redundant data. The long-term data (-20 to 260 s) presented in this report were recorded at an effectise
sample rate of 3.194 points per second. Short-term data (-6 to 42 s) were recorded at an effectise sample
rate of 19.16 points per second.

The data are presented in some instances in the form of composite graphs to faci!itate comparison of the
salues of gisen sariables at several locations. The scales selected for the graphs do not reflect the
obtainable resolution of the data. (The data processing techniques are described further in Reference 2
and Appendix A.)

Figures 3 through 10 and Table IV provide supporting information for interpretation of the data graphs
shown in Figures 11 through 320 and proside relatise locations of all detectors used during Test S-07-8.
Table IV groups the measurements according to measurement type, identifies the specifie measurement
location and range of the detector and actual recording range of the data acquisition system, provides brief
comments regarding the data, and references the measurements and comments to the corresponding
figure. Figures 1I through 320 present all the blowdown data obtained. Time zero on the graphs is the time
of rupture initiation. Appendix A prosides information explaining the data acquisition system capabilities.
Appendix il explains posttest data processing for data consersion into engineering units and data
adjustments. Appcndix C presents an analysis of selected data which proside a guide to the uncertainty

,
associated with data measurements in the Semiscale N1od-3 system.
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TABLE IV

DATA PRESENTATION FOR SEMISCALE MOD-3 TEST S-07-8
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TABLE IV (continued)
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APPENDIX A

DATA ACQUISITION SYSTEM CAPABILITIES
_

The Semiscale Mod-3 system prosides for the acquisition, processing, and presentation of test data. The
test data system comprises detectors, signal conditioners, signal processors, and recording and display
equipment. The data obtained are principally recorded on an on-line digital system. Selected data channels
are also recorded on an analog system.

T he on-line digital system is called the digital data acquisition and processing system (DDAPS). The
DDAPS has dual and single speed capabilities with identical storage and data output limitations. The dual
speed mode is used to extend the recording time w hen obtaining high frequency data.

I rom each of up to 240 data channels, the test data system stores 20 blocks of data. Each block of data
contains 920 words (each word is the abseissa and ordinate of a data point) of digitalinformation. These
920 words represent a fixed storage display.

The maximum measured throughput rate for the system is 24 000 words per second. This throughput
rate can be reduced in increments of 100 words per second. The throughput rate, the number of data chan-
nels recorded, and the fixed display of 920 points per block determine the time base for displaying the data.

After the data base been stored, data reduction can be made for presentation and analysis purposes.
Ilecause of hardware limitations and aesthetic considerations of data presentation, only certain time bases
are used uhen the data are reduced. For data displayed from -20 to 260 s, the recorded data are made to
occupy a 280-s span yielding a time base of 16 s.

Generally,920 points from a gisen data channel are displayed in the nominal time base of 16 s. Integral
(1 to 20) multiples of 16 s may be used as sariations on the nominal time base. Ilecause the output is fixed
at 920 points, data compression is accomplished by aseraging adjacent data points to gise the desired
compression.

.
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APPENDIX B

POSTTEST ADJUSTMENTS TO DATA FROM SEMISCALE MOD-3
TEST S-07-8

Many of the transducers used in the Semiscale Mod-3 systen exhibit significant sensitisity to one or
more spurious inputs. Strain page bridge circuits used in pressure transducers, differential pressure

,

transducers, and drag dises are sensitise to changes in ambient temperature. Differential pressure cells are
also sensitise to changes in system pressure. Photomultiplier tubes med as gamma ray detectors in the den-
sity transducers are sensitise to temperature changes, as well as to .andom sariations in the locations of the
radiation sources. Core power measurements depend on a calibr ited resistor, w hose resistance changes in
values as a f unction of time and power lesel as it heats up.

Although the uncertainties introduced into the data by spt ious secondary inputs generally do not
exceed the specified uncertainty ranges of the transducers, gnificant improsement in measurement
accuracy can be achiesed if the secondary sensitisity can be ider, ified and remosed. Since the exact salues
of the spurious inputs to which different transducers might b sensitive cannot often be easily predicted
and are sometimes inconwnient to measure, secondary effects have been accounted for by correcting the
data after the test rather than by using elaborate real time programs in the data acquisition system com-
puter. The methods and re3 uhs of the posttest data correction analysis for Test S-07-8 are presented in the
following paragraphs and tables.

1. DIFFERENTIAL PRESSURE MEASUREMENTS

Pressure sensitisity in the differential pressure cells in the main system loop is determined from the
,

pretest sy3 tem pressure check. Digital data are recorded for all measurements at ambient temperature, with
no system flow, at pressures of ambient, 5313,9010,10 908,12 530, and 15172 kPa. The output of the
differential pressure cells is plotted against system pressure, with the resulting plots used to describe the
pressure response of the transducers.

.

Corrections to differential pressure data were made using the following equation:

F ' ( t ) == F( t ) + P P(t) (B 1)

w here

F'(t) corrected data, kPa-

raw data, kPaF(t) =

pressure sensitis ity, k Pa/ M PaPg =

pressure data from indicated transducer used for pressure correction sensitivity,P(t) =

M Pa.
.

Values of the constants are gis en in Table B-I.

.
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TABLE B-I

CONSTANTS FOR DIFFERENTIAL PRESSURE MEASUREMENT CORRECTIONS
(TEST S-07-8)

Detector
Identification 1 P(t)

.

DI-13V-1A -0.024 PV-13

DI-1A-6 0

DI-6-7 -0.053 PI-16

DI-SGI-SCO 0.027 PI-16

DI-7-13 -0.027 PI-16

DI-13-15 1.567 PI-16

DI-15-17A 0

DI-17A-DIA 0

DB-13V-20B 0.10 PV-13

DB-20B-21 0.09 PV-13

DB-21-27A -1.067 PV-13

DB-SCI-SCO 2.0 PV-13 .

DB-27A-37A -0.053 PV-13

DB-37A-40B -0.90 PV-13

DB-37A-40L -0.133 PV-13 *

DB-40B-43A 0

DB-40B-45A 0.018 PB-45A

DB-45A-43 0

DB-45A-DIA 0.467 PB-45A

DD-DIA-13V -0.04 PI-16

DD-DIA-170 -0.057 PI-16

DD-DIA-578 -0.024 PI-16

DD-170-435 -0.055 PI-16

DD-435-578 -0.033 PI-16

DV+421+154 0.040 PV-13

DV+159-105 -0.533 PV-13
.

DV+154-105 0.027 PV-13

DV-579-501 -0.021 PI-16

bV-578-13A -1.933 PI-16
,

'[ij)192
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TABLE B-I (continued)

_

Detector p
Ident i fic a t i on 1 P(t)

DV-501-442 -0.027 PI-16-

DV-501-105 0.057 PV-13

DV-501-13A 0 PI-16

DV-442-278 -0.013 PI-16

DV -2 78-154 -0.033 PI-16

DV-105-13A 0

DI-SC-LL 0

DB-S S I -S S4 0

DV-ACCl-LL 0

2. DENSITY MEASUREMENTS

Density calculations are based on the voltage output of the photomultiplier tubes in the gamma-
attenuation densitometer assemblies. The equation used for conserting voltage to density is as follows:

.

p=C +C F(t) (B-2)e 1

w here

p the density, kg/m3

C of fset, kg 'm3o

3
C1 consersion factor,(kg/m Fv

ILt) transducer output, v.

Con'tants C and Ci are adjusted to match the final data to density salues calculated from measuredo
pressure and temperature salues at the preblowdown and post drain conditions, effectisely gising the data
an in-place calibration. These calculation, are made in the Mod-3 system prior to initial data release and
are not consiJered posttest adjustments.,

Some density measurements are obtained using a two-beam gamma densitometer which operates on the
same basic principle of gamma attentuation as does the single-beam gamma densitometer. liach beam
origina:es from the same gamma source and is allowed to pass through separate portions of the piping

'

cross-scetional flow area to obtain an asecage density measurement in that particular region. The
geometrical relationship of the gamma beam path through the piping and geometrically related sariables

EE ,j ') | n,
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used for processing of data from a two-beam gamma densitometer are shown in Figure 13-1. The aserage
density measured by each individual gamma beam is obtained using the same equation as is used for the
single-beam gamma densitometers.

Gamma source -

Upper beam path

.

Vertical axis Lower beam
path

df

_- -

_ _ _ _ _ . _ _ _ _

O O

Froth

p -- Pipe inside diameter
D

6

H

~
n

Water-froth
interf ace

k -
H

Water
V f
-

IN EL- A-285

F ig. H-1 Geometry used for protcwing of densit3 data obtained from two-heam gamma densitometers,

in the Semiscale \1od-3 9 stem, two-beam gamma densitometers proside information which allows the
calculation of a better aserage density than that obtained from a single beam in a horizontal pipe. A
mathematical model is used for processing the two-beam data to obtain the improsed aserage density
information. The processing method used is based on a froth-water model coupled with information from
the tu o indisidual gamma beams and related beam path and piping cross-sectional geometry. The resulting
inf ormation is recorded and reported under the density m"asurement identification ending with a "C", for
example, Gl-17C. .

The use of the froth-water model for obtaining aserage density f rom a two-beam gamma densitometer in
a horizontal pipe is beed on observations indicating that flow regimes in the Semiscale N1od-3 9 stem can
be modeled by a layer of water on the bottom of the pipe with a degree of froth on the surface. For

'

homogeneous flow conditions such as all troth or allliquid the model remaias salid. At any point in time
slug flow is also modeled. The troth-water model does not model annular or n.serted annular Dow s sery

194
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well. Iloaeser, these flows are not expected to exist for significant portions of a Semiscale .\ lod-3 system
blowdown in horizontal piping. Density gradients from the top to the bottom of the pipe may exist show-
ing no distiner location change from water to froth. This flow is neither totally homogeneous nor

_

stratified, but the froth-water model does proside an adequate approximation of the average density
characteristic of this flow pattern.

The aserage density obtained by using the gamma beam geometry show n in Figure 11-1 and by applying
the froth-water modelis gis en by

,

3-p=ag p; + (1 - a ) p kg/m (11-3)
f y

where

ji as erage cross-sectional density

P1 as erage density measured by the upper beam (measures the froth density)

pw - density ofliquid water (at local system conditions)

or 14 (1/2r)(sind-$) - solumetric fraction containing froth.

The angle w hich $ represents is show n in Figure 11-1. Values for $ are obtained as follow s:

' - (1 - 2h) (11-4)f3 = 2 cos

w here

11
P, -P

h - cos-0
~ i,

U
Pw -Pi

w here

11 I cos 0 (l and 0 are defined in Figure 11-1)w w

D piping inside diameter

p2 the as erage density measured by Ihe lower gamma beam.

Aserage density is not calculated using the two-beam froth-water model when the angle 0 is not
fasorable due to system hardware restrictions in positioning the source. The froth-water model requires
separate density sampling in both the upper and lower portions of the piping cross section.
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APPENDIX C

SELECTED DATA WITH ESTIMATED TOTAL UNCERTAINTY
- B ANDS FROM SEMISCALE MOD-31 EST S-07-8

Analpis has been performed on selected data from Test S-07-8 to proside a guide to the uncertainty
associated with data measurements in the Semiscale Mod-3 sptem. The end result of the analysis is

*

presented as uncertainty bands about the measured data w hieh represent a 95% confidence les el.

The uncertainty bands are otitained by combining uncertainties obtained from analyis of the data itself
(random uncertainty) and engineering analpis of the measurement system (engineering uncertamty). Ihe
procedure by w hich uncertainty bands were established for the data presented in this appendix is described
in the following paragraphs.

'I he data trace under analpis was empirically fitted u hh a linear difference equation, w hich was subject
to a white noise in;3ut at each sampling time point. The objectise of the empirical fitting procedure was to
characteri/e the w hite noise, w hich was taken to represent the random uncertainty. I he procedures for fit-
ting the dif terence equation are discussed in depth in Reference C-1. A data trace was often segmented and
diff erent equations were fitted to each segment with statistical correlations between successis e obsersations
accounted for by the fitting procedure. The white noise input was assumed to arise from a normally
distributed population. The standard desiation of the white noise. as found during the fining procedures,
was taken as an estimate of the random uncertainty standard desiation and is shown in Fable C-1 in
appropriate engineering units. Ihe traces of the uncertainty band analpis are shown in 1igures C-1
through C-40

*

Other uncertainties in the data exist because of such f actors as sariability in installation procedures and
techniques, calibration uncertainties, sariability in materials, and temperature and pressure sensitisities.
These uncertainties and the procedures for estimatine them are discussed in Reference C-2. Ihey are
referred to as engineering uncertainties and the estimates are largely subjectise. Because of the continuing

- effort to improse the accuracy of the measured data, such as through the use of better transducers, better
signal conditioning and processing equipment, and better calibration and installation techniques, the
engineering uncertainties for data trom most of the transducer sptems hase changed from those published
in Reference C-2. Table C-Il prosides a sununary of engineering uncertainty salues obtained f rom current
analpis techniques as applied to the data presented herein.

in addition to the normal hardware and installation related sources of engineering uncertainty, a signifi-
cant measurement uncertainty results when the current transducer sprems are subjected to separated tuo-
phase kw regiraes during the course of the blowdown transient. Accordingly, for those data affected
(fluid denscy, solumetrie flow, and mass flow), which are presented in this appendix, a more extensise
assessment was conducted of additional engineering uncertainty due to flow regime effects. Fable C-Ill
identifies the data anal >/ed and the period in the blowdown precess for w hich flow regime uncertainties
were included as a part of the total engineering uncertainty The time of occurrence of separated two-phase
flow and the resulting eff ect on the uncertainty of the data were esaluated by considermg, on an indisidual
basis, each detector e atput with reference to indications by other auxiliary measurements.

Ihe gamma densitometer density measurement data are affected by two-phase separated flow regimes.
The resuhing translucer output is a measurement of the aserace attenuation of the canuna beam through.

the measured medium. The beam attenuation, in turn, is interpreted through phrical relationship to be a
measure of the aserage density aiorm the beam path. When stratified ty pe flow was considered present, the
gamma beam attenuation was considered to be a rau!! of a liquid layer and steam at system conditions.
With this assumption and the system geometry, a soid fraction was calculated and a new "etlectise'

,

aserage density was calculated. The difference between the aserage density based on the auumption of
homogeneous conditions and the aserage density for stratified conditions was considered to be the
uncertainty.

|i
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The flow regime uncertainties of the turbine flow meter were estimated by calculating a soid fraction and
the cross-sectionalliquid and steam flow area for stratified flow. 'Ihis calculation was accomplished using
methods similar to those used to calculate the aserage density for stratified flow s. A simple model was used
to equate the forces on the turbine with the assumption of a known soid fraction, stratified flow, known
component densities, and slip ratio greater than unity. This process prosided phase selocuies. With the

,

phase densities, selocities, and soid fraction, a volumetrie flow rate could be calculated. The difference
between this salue and the measuied salue was considered to be the uncertainty.

The osera.1 standard desiation of a data point is taken as the root of the sum of the random uncertainty
,

sariance and the total engineering uncertainty sariance; that is:

2 2
a + 0 (C- 1 )0 =

o R c

w here

c oserall standard desiation of a data pointo

,
Og- random uncertainty sariance

20[i engineering uncertainty sariance.

T he uncertainty bands for the data are computed about the value gisen by the fitted difference equation
yj at time point i; that is:

'

1.96 o (C-2 )uncertainty band = v. +_ o
.

t

With due regard to the tact that cg; has been estimated subjectisely, the uncertainty band may be inter-
preted as an approsimate 95% confidence intersal within uhich any true salue of the measured sariable is -

consistent with the data.

On certain occasions, the symmetrical uncertainty band pisen by Equation (C-2)is not appropriate. On
tho.e occasions, asymmetrical uncertainty bands were computed; that is, with the width being greater on
one side of yj than on the other.

1-inally, the original data trace, alon_e with its uncertainty band from liquaton (C-2), was input to a
computer plot package. T he resulting plot contained the actual data trace sunounded by an uncertainty
band derned both from random uncertainty and engineering uncertainty considerations. l he indicatee
uncertainty bands af ter thermocouple dryout occurred for the fluid temperature measurements should be
ignored. l ncertainty bands for these segments of the data were not obtained and bands only appear
because of hmitations in the plotting packace.
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TABLE C-I

RANDOM UNCERTAINTY STANDARD DEVIATION
(TEST S-07-8)

Random Uncertainty
Period of

Standard Deviation
Application,

Measurement R (s) Figure

TFI-l 0.009 -20 to -0.278 C-1
1.2 -0.278 to 3.48
0.533 3.48 to 31
1.357 31 to 59
0.334 59 to 268

TFB-20 0.209 -20 to -0.278 C-2
1.527 -0 278 to 3.48
0.819 ' 48 to 28
1.933 28 to 45
0.643 45 to 108
0.212 108 to 268

TF D-294 0.128 -20 to 1.3 c-3
2.150 1.3 to 4.7
2.833 4.7 to 36-

3.814 36 to 61
0.973 61 to 268

. TFV-578A 0.011 -20 to 0.348 C-4
1.445 0.348 to 4.42
1.567 4.42 to 60
0.522 60 to 268

TIFV+79D 0.731 -20 to 0.661 C-5
0.702 0.661 to 4.73
0.427 4.73 to 30
0.228 30 to 42
0.743 42 to 46
0.087 46 to 208
0.407 208 to 240
0.069 240 to 268

TFC-5AB-45 0.0 -20 to -0.3 C-6
16.96 -0.3 to 5.4
7.54 5.4 to 12

31.05 12 to 17
1.56 17 to 23

17.80 23 to 30
15.90 30 to 36
40.67 36 to 40

* 1.34 40 to 268

a1|, . , ,
~
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TABLE C-I (continued)

Random Uncertainty Period of -

Standard Deviation Application

Measurement R (s) Figure

TMI-IT16 0.003 -20 to 0.074 C-7 .

0.381 0.974 to 4.42
0.424 4.42 to 60
0.294 60 to 268

TMB-20B16 0.086 -20 to 1.29 C-8
0.620 1.29 to 4.73
0.575 4.73 to 26
0.450 26 to 67
0.183 67 to 104

0.283 104 to 268

TMD-364 0.072 -20 to 12 C-9
0.236 12 to 120

0.360 120 to 268

TMV+79D 0.541 -20 to -0.278 C-10
0.647 -0.278 to 3.80
0.387 3.80 to 27 -

0.030 27 to 198
0.234 198 to 228
0.106 228 to 268

Til-C2-8 0.072 -20 to -0.278 C-Il
~

2.37 -0.278 to 3.17
5.40 3.17 to 23
4.20 23 to 80
0.728 80 to 268

Til-C2-180 1.71 -20 to 0.348 C-12
8.21 0.348 to i.0

4.95 5.0 , 127

4.59 127 to 268

PI-16 0.006 -20 to -0.278 C-13
0.986 -0.278 to 3.17
0.025 3.17 to 268

PB-45A 0.003 -20 to -0.278 C-14
1.05 -0.278 to 3.48

*

0.046 3.48 to 80
O.006 80 to 268

PV-ACCl 0.0001 -20 to 18 C-15
0.012 18 to 22 -

0.005 22 to 268

s ;
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TABLE C-I (continued)

.
Random Uncertainty

Period of
Standard Deviation

7 ;g
Measurement R (s) Figure

PB-SD 0.006 -20 to 0.974 C-16a

0.007 0.974 to 150
0.012 150 to 268

DI-6-7 1.565 -20 to 0.035 C-17
29.24 0.035 to 4.42

3.27 4.42 to 30
5.74 30 to 50
2.27 50 to 268

DI-7-13 0.149 -20 to -0.591 C-18
2.72 -0.591 to 7.86
0.518 7.86 to 30
0.438 30 to 50
0.185 50 to 268

DB-37A-40L 1.847 -20 to -0.591 C-19
215.3 -0.591 to 2.852

0.238 2.852 to 29*

6.223 29 to 33
8.889 33 to 59
2.806 59 to 268

.

DD-DIA-578 0.253 -20 to -0.591 C-20
17.0 -0.591 to 4.42

1.974 4.42 to 30
11.35 30 to 50
4.576 50 to 90
2.890 90 to 268

DV-501-105 0.257 -20 to -0.591 C-21
19.690 -0. 591 to 2.852
0.953 2.852 to 30
3.970 30 to 50
0.854 50 to 268

DI-SG-LL 0.252 -20 to 0.974 C-22
0.509 0.974 to 5.043
0.032 5.043 to 268

.

FI-l 0.632 -20 to -0.278 C-23
1.355 -0.278 to 3.478
0.856 3.478 to 30
1.648 30 to 33

* 5.257 33 to 50
1.083 50 to 268

203 i, ,a 9 | ,3
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TABLE C-I (continued)

Random Uncertainty
Peri od of

Standard Deviation
~

Application
oMeasurement p (s) Figure

FI-17 0.028 -20 to -0.278 C-24 .

1.054 -0.278 to 3.165
0.685 3.165 to 32
3.813 32 to 61
2.690 61 to 268

FB-45 0.409 -20 to -0.278 C-25
3.447 -0.278 to 5.043
1.693 5.043 to 36
4.621 36 to 59
3.183 59 to 268

FD-424 0. 0 04 -20 to -0.278 C-26
3.582 -0.278 to 4.417
0.684 4.417 to 29
1.245 29 to 50
0.647 50 to 268

FV+1 0.019 -20 to -0.278 C-27 .

1.243 -0.278 to 4.730
0.673 4.730 to 32
7.215 32 to 50
0.999 50 to 268

,

FV-LPIS 0.984 -20 to 29 C-28
15.360 29 to 34

1.255 34 to 68
0.231 68 to 247
2.944 247 to 251
1.380 251 to 268

GI-lT 3.845 -20 to -0.278 C-29
42.30 -0.278 to 4.10
12.73 4.10 to 14
7.032 14 to 268

GI-1B 5.111 -20 to -0.278 C-30
27.14 -0.278 to 3.48
47 . 44 3.48 to 19

5.388 19 to 137
*

14.675 137 to 268

GI-lc 3.140 -20 to -0.278 C-31
31.25 '' . 2 7 8 t o 4.73
16.75 4.73 to 30 -

5.96 30 to 268

L}9
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TABLE C-I (continued)

Random Uncertainty
Period of

9tandard Deviation
Application

Measurement R (s) Figure

GI-17T 6.670 -20 to 6.3 C-32.
65.950 6.3 to 11

68.354 11 to 17
20.612 17 to 268

GI-17B 5.77 -20 to 5 C-33
33.70 5 to 11

7.69 11 to 268

GI-17C 5.78 -20 to 1.9 C-34
14.58 1.9 to 8

42.95 8 to 20
7.78 20 to 268

GB-45VR 13.48 -20 to 4.4 C-35
38.87 4.4 to 11

19.23 11 to 150

20.07 150 to 268
,

GV-l! 4.504 -20 to -0.278 C-36
24.96 -0.278 to 5.4
9.18 5.4 to 12

39. 64 12 to 18
~

5.738 18 to 150
16.32 150 to 268

FI-1, GI-lC 0.037 -20 to -0.28 C-37
0.601 -0.28 to 5

0.112 5 to 35
0.110 35 to 268

FI-17, GI-17C 0.047 -20 to -0.28 C-38
0.607 -0.28 to 5

0.302 5 to 19
0.358 19 to 268

FB-45, CB-45VR 0.310 -20 to -0.28 C-39
2.622 -0.28 to 5

0.516 5 to 20
0.363 20 to 268

.

FV+1, GV-Il 0.063 -20 to 0.035 C-40
0.749 0.035 to 5

0.124 5 to 95
0.249 95 to 268-
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TABLE C-II

GENERAL MEASUREMENT ENGINEERING UNCERTAINTY SOURCES AND UNCERTAINTY VALUES
(TEST S-07-8)

Measurement Expected Uncertainty

Category Uncertainty Sources Uncertainty Value Values

Fluid Changes in homogeneity +1.11 K +1.66 K, R 5 550 K

Temperature of the thermocouple
wi re due to cold
working

Data interpretation +1.11 K, to 550 K + [1.42 + (0. 0021 R) ]!,
_

from standard re fer- +0.0021 R, R > 550 K aR > 550 K
erence tables

M
"

General da;a acquisi- +0.42 K where
tion processing

_

R = transducer reading
(K)

Thermal aging of the +0.28 K
thermocouples

Material Changes in homogeneity +1.11 K
Temperature of the thermocouple

wire due to cold
working

Thermocouple radial +2.78 K +3.33 K, R < 550 K

position

Data interpretation +1.11 K, to 550 K +[9. 75 + (0.0021 R) ]!,
from standard re fer- +0.0021 R, R > 550 K R > 550 K,

erence tables j
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TABLE C-II (continued)

Measurement Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values

Material General data acquisi- +0.4 2 K where
Temperature tion and processing R = transducer reading
( con t i nued ) (K)

i

Thermal aging of the +0.28 K j

thermocouples >

Pressure Entrance effects +0.3% of transducer h
full scale

Ca lib ra tion +0.26% of transducer
full scale +0.44% of transducerw

O full ccale
Temperature +0.13% of transducer
sensitivity full scale

General data acquisi- +0.15% o f sys tem
tion and processing full scale

/

{Differential Installation +0.3% of transducer
Pressure full scale

,

~, >

O

N
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TABLE C-II '. c on t inu e d )

Mea s u reme nt Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values

Differential Calibration

+ [(0.05) + (0.5 R/FS) ]1/2
2

%P re ssu re Transducer ranges
( con t i nued ) +4.96 through of transducer

+199.26 kPa full scale

+ [(0.03) + (0. 5 R/FS)2]l/2Transducer ranges %

+ 3. 44. 74, +689.47, of full scale
+3447 kPa

Transducer ranges + [(0.02) + (0.5 R/FS)2]l/2% +2% of transducero

M +6894, +10 342 kPa of full scale full scaleb
I

Temp e ra t u re +0.5% of transducer b where
sensitivity full scale R = transducer reading

} (kPa)
'

General data acquisi- +0.15% of system FS = transducer range
tion and processing full scale full scale (kPa)

Air entrapment +0.069 kPa
)

Density Calibration +1.0% of reading (kg/m3)

3Detector system +2.1 kg/m i

Uncertainty >

General data acquisi- +0.15% o f system full scale c
tion and processing (kg/m3),

'
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TABLE C-II (continued)

Measurement Expected Uncertainty
Category Uncertainty Sources Uncertainty Value Values

Density Flow regime Grc T

(continued)
where

|
Gr = flow regime uncer-

3tainty (kg/m ) j

Volumetric Flow Calibration instrument +0.25% of transducer
(turbine flow- reading full scale
meter)

Calibration standards 119.56 x 10-2 1/s

b! Velocity profile 12.9% of reading

Frequency-to-voltage 10.25% of transducer
conversion full scale c

General data acquisi- 10.15% o f system_,

_
tion and processing full scale

Dead bands +5% of transducer I
"'

full scale
rs'
.;,- Flow regimes c
.r .



TABLE C-II (cont.inued)

Measurement Expected Uncertainty

Category Uncertainty Sources Uncertainty Value Values

T

Mass Flow Rate Combined results c j

(from volumetric f rom individual un- |

fl ow and density certainty sources > c

data) for volumetric fl ow I

and density datad

a. This value is no longer valid after thermocouple dryout occurs.

b. Value is based on observed system performance. It is more conservative than that obtained from the
stati st i cal summat ion o f the identified engineering uncertainties.

$ c. Uncertainty value is time and fl ow regime dependent.

d. The general method for combining volumetric flow or momentum flux with density data to obtain mass
fl owra te and the resulting uncertainties in the data are explained in Reference C-2.
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TABLE C-III

TIME PERIODS WHEN FLOW REGIME UNCERTAINTIES WERE APPLIED
(TEST S-07-8)

Time During Which Flow Regime
Detector Uncertainties Were Applied

,

Identification (s) Figure

FI-1 1 to 21; 98 to 268 C-23

FI-17 1 to 12 C-24

FB-45 10 to 17 C-25

GI-lC 1 to 21; 98 to 268 C-31

GI-17C 1 to 12 C-34

GB-45VR 10 to 17 C-35

FI-1, GI-lc 1 to 21; 98 to 268 C-37

FI-17, GI-17C 1 to 12 C-38

FB-45, GB-45VR 10 to 17 C-39
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