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11 Q. Please state your full name.

12 A. G. Norman Lauben.

13 Q. By whom are you employed, and describe the work you perform?

14 A. I am employed by the Reactor Systems Branch, Division of Systems

15

16

17

Integration, Office of Nuclear Reactor Regulation, U.S. Nuclear

Regulatory Commission. A copy of my professional qualifications is

attached to this testimony.

18 Q. Have you read "Hemorandum and Order (Granting PG&E's and NRC Staff

19 fiotions for Summary Disposition of Joint Intervenor's Contentions 5

20 and 13; Denying their t1otions as to Contentions 4 and 24)"? In

21 particular, have you read Contentions 4 and 24 as stated therein?

22 A. Yes.

23 Q. Would you describe the scope of the subject matter addressed in your

24 testimony?

25 A. I have been asked to address the safety significance of the low

26 power testing program as it would affect the necessity to have in
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27

29

30

place an emergency plan which rieets all the requirements of

NUREG-0654. I have also been asked to address the safety

significance of block valve failure during the low power testing

progl am.

31 g. What are the major factors affecting safe reactor operation during

32 low power testing?

33 A. In supplement 10 to the Diablo Canyon SER (t<UREG-0675), the risk

34

35

37

38

39

40

43

44

associated with low power testing was addressed. As discussed in

that SER there are three major factors which contribute to a

substantial reduction in risk for low power testing as compared to

continuous full power operation. First, there is additional time

available for the operators to correct the loss of important safety

systems needed to mitigate relatively high risk events, or to take

alternate courses of action. Secondly, supplement 10 also discussed

the significant events that contribute to that risk and the

reduction in risk associated with the significant postulated events

during the low power testing program. Third, there is a reduction

in required capacity for mitigating systems at low power.

45 g. What are the significant postulated events that could potentially

46 affect the public health and safety'?

47 A. The dominant events are (1) small break LOCAs with loss of the

49

50

emergency core cooling system (ECCS), (2) transients with total loss

of feedwater, and (3) failure of double check valves between the

reactor coolant system (high pressure) and the residual heat removal
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51

53

54

55

56

57

58

59

system (low pressure) which results in a LOCA (inter-system LOCA)

outside containment, i.e. the interior of the reactor vessel

communicates directly with the environment. Since the publication

of the Reactor Safety Study (WASH-1400), the t(RC staff has continued

to study the risk to the public from potential severe accidents at

nuclear power plants. This effort has confirmed that the event

scenarios dominating accident risks are generally the same for

different PWR designs, i.e., small break loss of coolant accidents

(LOCAs) and transients.

60 g. What was done specifically to address the question of risk due to

61 low power testing, and what was the conclusion of that effort?

62 A. We have reexamined the dominant scenarios to estimate the reduction

63

64

65

66

67

68

69

70

71

72

73

in the probability of the event because of the additional time

available during low power operation for the reactor operators to

correct the loss of important safety systems needed to mitigate the

event or to take alternate courses of action. Similarly, we have

calculated the reduced fission product inventory for operation of an

initially unirradiated core at 5X power for 6 months and have

determined the reduction in potential public exposure via reduction

in potential release magnitudes. Risk is roughly proportional to

the probability of severe accidents (which lose the heat sink) and

to the fission product inventory in the core. From these factors we

have estimated that the overall reduction in risk to the public
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74

75

76

should be a factor of 400 to 1500 if a plant is operated at 5/ power

from initial startup for 6 months compared to continuous full power

operation.

77 g. In your review of fuel load and low power test programs what have

78 you concluded about the potential risk of low power testing?

79 A. Based on the actual power history of other reactors during their low

80

81

82

83

84

85

86

87

power testing program, the actual power history expected at Diablo

Canyon would result in even less available fission product

inventory. The peak power during this time period is only expected

to be 3 or 4~ of rated capacity. Operation at this power level is

only expected for a maximum of 10 days. This would result in a

further risk reduction by a factor of about 2. It is therefore

concluded that the public risk due to fuel loading and the proposed

low power test program is less than public risk due to full power

long-tern operation by a factor of about 400 to 3000.

89 g. How could risk to the public be affected by small break or inter-

90 system LOCA's7

91 A. Risk to the public would occur only if there is release of

92

93

94

95

96

97

substantial amounts of radioactive fission products outside the

containment. This could occur only if there is a failure to cool

the core for an extended period of time. During this time the fuel

element cladding would have to fail by overheating. The reactor

coolant pressure boundary would have to be violated and the reactor

building containment would have to be violated. Of course the
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115

116

117

118

latter condition would occur for the intersystem LOCA. The

important factor is that the core would have to remain uncooled for

a significant length of time. (Approximately 10 hours during the

low power test program).

However, NRC requires that all facilities licensed to operate

are provided with reliable and redundant emergency core cooling

systems (ECCS). NRC regulations (10 C.F.R 550.46) require

applicants to analyze a spectrum of pipe breaks and locations with

various assumed equipment failures. These analyses are performed

with NRC-specified conservative assumptions and must demonstrate

coolability of the core and minimum generation of hydrogen.

Specifically, ECCS evaluations must demonstrate that ECCS

performance will result in a eoolable geometry and less than 1%

core-wide metal-water reaction even with the reactor at 102> power

and worst-case linear heat rates. The Diablo Canyon ECCS is

required to conform to these requirements. Thus, for all power

levels the requirements of NRC regulations provide adequate

protection against severe core damage. Thus for small break LOCAs,

substantial risk to the health and safety of the public would occur

only if the ECCS failed to operate as designed. Therefore, when

performing risk assessment this condition must be evaluated.

119 g. With a reactor operating at a maximum of 5'A of full power, could

120 these events lead to the significant amounts of core damage?

121 A. No. I have looked at these events and have concluded, as discussed

122 herein, that at 5% power it is extremely unlikely that such events
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124

would lead to significant amounts of core damage by "significant" I

mean 5~ metal-water rea tion.

125 g. Please provide the basis for your conclusions?

126 A. LOCA analyses with severly degraded ECCS's were performed which

127 demonstrate the large amount of time that would be available at 5Ã

128 power for diagnosis and corrective action to prevent significant

129 core damage. For these analyses, it was conservatively assumed that

130 none of the pumped ECCS systems was functioning. I have had Sandia

131 Laboratories, our consultant, run a calculation for me using the

132 RELAP4 code to estimate the time at which boi 1-off begins. For a

133 small 4-inch cold-leg break LOCA, boil-off would not begin for about

134 1 hour and uncovery would be delayed until about 3 hours. Rapid

135 increase in fuel clad temperature, leading to severe core damage,

136 would not begin until about 15 hours.

137 I have also obtained information from the NRC staff Project

138 Manager for the Sequoyah nuclear power plant concerning the actual

139 maximum power level and test duration for the low-power test

140 program. Sequoyah is a comparable facility and the test program is

141 similar to that planned for Diablo Canyon. This information

142 indicates that actual test power was about 4X full power or less and

143 , lasted only some 8 days. For similar conditions at Diablo Canyon

144 uncovery would not occur until about 4 to 5 hours. tagore than 20

145 hours would elapse before significant core damage would occur.





146 Q. Based upon this assessment, what is the likelihood of significant

147 core damage at low power due to a LOCA?

148 A. As I have indicated above, with the t(RC's requirements for reliable

149

150

151

152

153

154

155

156

157

158

159

160

161

162

ECCS performance, the potential for severe core damage and

associated significant hydrogen generation is very small even at

full power. The time available at low power for the operator to

take corrective action ranges from 15 hours to more than 20 hours in

the event of a small LOCA. In addition, the coolant flow required

to dissipate decay heat at 10 hours following a LOCA would be only

about 8 gpm which is within the capacity of the centrifugal charging

pump used for the normal make-up systems. Because of the time

available for the operators to correct malfunctions in the ECCS or

to initiate cooling with the normal charging system, we believe that

the probability of a small LOCA resulting in excessive fuel damage

and significant radiological release is reduced by at least a factor

of 400 to 1600 for low power operation as compared to operation at

full power.

163 Q.

164

165 A.

166

167

168

What about the potential effects of other significant events, e.g.,

transients with total loss of feedwater, on the public risk?

At 5% power the number of events that can result in failure to

adequately cool the core is greatly reduced. All transients

initiated by turbine trip are eliminated since the turbine is not on

line. Total loss of feedwater caused by any other transient becomes

169 negligible with respect to core damage and public risk. In such a

170 case, core heat is transferred through the steam generators from the
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171

172

173

174

175

176

177

178

179

180

181

primary to secondary systems. After a scram from 5'ower I

calculate that it would take about 2> days to boil the steam

generators dry, conservatively assuming no feedwater makeup. During

that p riod of time, diagnosis, corrective action or alternate heat

removal methods could easily be accomplished. Moreover, by that

time fission product heat will have decayed sufficiently so that

passive steam heat losses (radiant heat transfer) would be enough to

keep the reactor cool, even if no corrective action were taken. As

a consequence we believe that the total risk reduction associated

with these events is about 1000 to 20,000 lower compared to full

power operation.

182 g. If, as you say, feedwater transients are of almost no concern at low

183 power, what about other scenarios? Could they not now become

184 dominant at low power'?

185 A. Other transients (steam line break, steam generator tube rupture,

186 rod ejection and ATWS) were also examined. A similar reduction in

187 risk was evident. Therefore, these transients did not become

188 dominant.

189 (}. But an ATWS event could result in a significant primary to secondary

190 heat imbalance. Why isn't this of concern?

191 A. "If one assumes that the highly unlikely scenario of total loss of

192 feedwater is followed by a failure of the reactor system to scram

193 (i.e., the worst ATWS event), complete boil-off of the water in the

194 steam generators would occur in 45 minutes. During this period of
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198

199

200

201

202

203

204

205

206

time there are a number of things the operator could do. to bring the

reactor to safe shutdown, including initiation of the boron

injection system and diagnosis and correction of the failure to

scram. These would terminate the event before boi 1-off of

significant reactor vessel inventory and thus, well before the onset

of severe core damage. Moreover, at low power, significant

overpressurization of the primary system does not occur because of

the low integrated reactor power. It should be emphasized that the

sequence which involves a transient, total loss of feedwater, and

failure to scram as independent events has such a low probability

that it cannot be considered a credible event (less than 10 per

reactor year).

207 g. How does the above discussion relate to the need for a qualified

208 emergency plan during low power operation?

209 A. The above discussion shows that abundant time (at least 20 hours) is

210

211

212

213

214

215

available to take corrective action to mitigate or terminate the

most likely scenarios which could affect public risk during low

power testing. For some sequences of concern at full power, no

action would be required during low power operation to prevent

public risk. Under these conditions the risk is so small that there

is virtually no need for a qualified emergency plan.

216 g. What is the safety significant of a failure of a block valve during

217 low power testing?
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218 A. Hone. Each block valve is located upstream of one PORY. There are

219

220

221

222

223

224

225

220

227

three sets of these valve pairs in parallel. In theory a block

valve could fail open or closed. During operation the block valves

are normally open and the PORVs are closed. If the PORVs are not

challenged the position of the block valves has no significance.

PORVs can be challenged only if a heat imbalance occurs. As

discussed ear lier the transient events that could cause this

condition are those for which secondary heat sink is lost when

feedwater is lost. At low power these events have virtually no

safety significance and PORV challenge is extremely unlikely.

228 g. But what if a block valve and a PORY should both fail open?

229 A. The likelihood of this double failure is extremely remote. As noted

230

231

232

233

234

235

in the testimony of Mr. Frank Cherny, the Diablo Canyon type PORVs

will be tested in the EPRI program prior to fuel loading. If this

should occur it would simply be a small LOCA which was discussed

previously. The size of this LOCA would be even smaller than that

previously discussed. Thus even more time would be available to

correct, mitigate or avert fuel damage and public risk.
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236

237

STATENEHT OF PROFESSIONAL QUALIFICATIOHS

HORI1AH LAUBFH

238 tiy name is George Norman Lauben. I am employed as a Nuclear

239 Engineer in the Reactor Systems Branch, Division of Systems Integration,

240 U.S. Nuclear Regulatory Commission. I have worked in the field of

241 nuclear reactor for 19 years, and in nuclear activities for 23 years. I

242 have worked for the Commission and its predecessor, the Atomic Energy

243 Commission, since 1968. During this time I have worked directly on

244 reactor safety matters, including Emergency Core Cooling System (ECCS)

245 performance review and Loss-of-Coolant Accident (LOCA) analysis.

246 I was a member of the 1971 AEC ECCS task force and the AEC Staff

247 Panel for the ECCS Rulemaking Hearing. I am the author of the TOODEE2

248 computer program used by the HRC and the nuclear industry for transient

249 fuel pin thermal analysis during a LOCA. I was a member of the technical

250 team that accompanied Hr. Harold Denton to the Three bile Island Reactor

251 on harch 30, 1979.

252 I have a B.S. and tl.S. in Chemical Engineering from Case Institute

253 of Technology (now Case Western Reserve University).
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