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P .. . 

DAB Safety Team's (DAB) Review of the report by Arnita Sharma (KPBS) and 

SCE's presentation of June 2006 to the NRC. 

1.Void fraction was not discussed at the June 2006 meeting with the NRG. 

2. DAB rejects SCE's claim that "Mitsubishi assured SCE (Southern California Edison) that void 

fraction would not be an issue and that the replacement steam generators would operate within 

specifications" (see SCE Note 6 & DAB Note 7 below). 

3. SCE, MHI, NRG, CPUC and the California State AG need to conduct investigations to find out who 

authorized or made that decision to increase the steam pressure and RCS flow Rate in Unit 3 RSGs 

and who is hiding or has destroyed the Units 2 & 3 operational data. 

DOCUMENT LISTING 

A. KPBS Article with Video and Documents attached. 

B. MHI Root Cause, SCE NRG Presentation & Bob Olech Paper 

C. DAB Notes/Expert Comments 

A. Edison Never Told Federal Regulators Of San Onofre Equipment Design Flaw KPBS -

Friday, October 30, 2015 - By Arnita Sharma 
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"The Edison spokeswoman also wrote that "design errors" by Mitsubishi that led to the steam 

generator failures "did not begin to be identified" until after the 2012 tube leak. But the NRC, in its 

own 2013 inspection, found that from the time Edison awarded the steam generator contract to 

Mitsubishi in 2004 until 2006, there were letters, emails, meeting minutes, action item lists and 

internal memos detailing concerns about void fraction. 

Overlooked in the saga of the 2012 failure of the steam generators at the now shuttered San Onofre 

Nuclear Generating Station is what the owner told federal regulators about the equipment before it 

was installed. Experts say a June 2006 meeting Southern California Edison had with the Nuclear 

Regulatory Commission is notable both for what the company claimed and omitted. In the 19 months 

before that critical meeting with federal regulators, Edison executives knew of a flaw in the new steam 

generator design , according to records. Steam too hot to handle, otherwise known as void fraction, 

was making its way through the equipment. A consequence could be excessive tube wear, the same 

problem that led to the permanent closure of San Onofre in 2013. In 2004 and 2005, then-Edison 

Vice President Dwight Nunn expressed worry about the matter in two letters to Akira Sawa, general 

manager at Mitsubishi - the maker of the replacement steam generators. "Tube dry out is an 

undesirable phenomenon as it may eventually result in tube cracking," wrote Nunn in June 2005. "The 

information presented to Edison in the most recent Technical Meeting, indicated that for the SONGS 

RSG (San Onofre Nuclear Generating Station Replacement Steam Generators) the expected void 

fraction is very high ." A letter from Mitsubishi to Edison also mentions potential tube wear. Yet Edison 

never alerted the NRC about the void fraction problem in its 22-page power point presentation at the 

June 2006 meeting. "To know you have a problem and to not inform the regulator that you had a 

problem raises questions about Edison attempting , in essence, to hide something that could have 

serious safety significance," said Daniel Hirsch , nuclear policy lecturer at UC Santa Cruz. In January 

2012 , less than a year after the new steam generators were turned on, the void fraction problem 

caused a tube to spring a radioactive leak. The leak ended up forcing Edison to close San Onofre for 

good. Ratepayers were left with a $3.3 billion tab that included shutdown costs and compensation to 

Edison for its lost profits on the plant. Customers are now also paying billions more for new power 

plants to make up for the lost energy from San Onofre. Edison spokeswoman Maureen Brown 

acknowledged to KPBS in an email that void fraction was not discussed at the June 2006 meeting 

with the NRC. "Mitsubishi assured SCE (Southern California Edison) that void fraction would not be 

an issue and that the replacement steam generators would operate within specifications (See 

Documents B. 1 & B.2 & DAB Notes 2 & 3 below)," Brown said. But according to a report by 

Mitsubishi , the manufacturer did consider fixes for the void fraction problem. They were not 
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implemented, however, because Edison did not want to impede its ability to avoid a license 

amendment process. It is during that process that federal regulators evaluate safety risks. 

The Edison spokeswoman also wrote that "design errors" by Mitsubishi that led to the steam 

generator failures "did not begin to be identified" until after the 2012 tube leak. (See Document B. 3. 

(Part 2) & DAB Notes 2 & 3 below) But the NRC, in its own 2013 inspection, found that from the 

time Edison awarded the steam generator contract to Mitsubishi in 2004 until 2006, there were letters, 

emails, meeting minutes, action "item lists and internal memos detailing concerns about void 

fraction. During Edison's June 2006 presentation to the NRC, the company refers to the equipment 

design as "improved." And yet the NRC's inspection found that Edison failed to verify the adequacy of 

its design. The NRC did not respond to a request seeking comment." 

B. Documents: 

1. MHI Root Cause and MHI Letter to NRC in 2013 states, "In 2005 SCE/MHI AVB Design Team 

recognized that the design for the SONGS RSGs resulted in higher steam quality (void fraction) than 

previous designs and had considered making changes to the design to reduce the void fraction (e.g., 

using a larger downcomer, using larger flow slot design for the tube support plates, and even 

removing a TSP). But each of the considered changes had unacceptable consequences and the AVB 

Design Team agreed not to implement them. Among the difficulties associated with the potential 

changes was the possibility that making them could impede the ability to justify the RSG design under 

the provisions of 10 C.F.R. §50.59. " 

2. SCE/MHI Technical Meeting September 14-16, 2005: ()summarized - tubes that pass through a 

zone where the void fraction is very high are the ones that are most prone to wear, even though the 

wear sites may be at support locations outside the high void zone. ( ) warned that tubes with preload 

in the high void region should be avoided (because they have less mechanical damping). The AVB* 

Team, concluded that the design basis is the most uniform gaps achievable and as near zero without 

excessive preload. 

*At the instruction of Edison Dwight Nunn, a special joint MHl/SCE AVB team was formed . In 2005. 

The team's charter was to perform a systematic review of the industry experience related to tube 
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wear, identify all factors that may cause such wear, and identify all design and fabrication parameters 

which can be controlled to prevent wear from occurring. Edison viewed this team's task as critical for 

the success of the Project. 

3. Bob Olech, P.E., former Heat Transfer expert and MHI wrote a paper "Improving like for- like 

RSGs" published in an International ICAPP conference in May 2011 , Nile France. The paper stated 

(Part 1 ), " Replacement of the steam generators has typically been performed when the 

utility concluded that they were reaching their economic end-of-life. This occurs when forecasts of 

maintenance and repair costs exceed the amortized benefits of the reduced costs achievable with the 

replacement steam generators. Continuing to operate with highly degraded steam generators can 

involve substantial economic risks from forced outages, extended refueling outages, as well as the 

direct costs of inspections and repair. The repair levels (including plugging, sleeving, or using 

alternative repair criteria) at the replacement plants averaged 25%. Edison has set a 21.4% plugging 

level as the technical end-of-life of the SONGS steam generators. Forecasting when this would occur 

resulted in a range of years depending on the level of confidence in the projection. The SONGS worst 

case forecast indicated that he 21.4% plugging level could be reached as early as 2012." The paper 

further stated (Part 2), " Results: Even though all design and fabrication challenges were addressed 

during manufacturing, it was not known if the as-designed and fabricated RSGs would eventually 

perform as specified. To verify this, the RSGs were functionally tested after installation in the plant 

after unit re-start from the replacement outage. The following essential operating parameters were 

verified through functional tests. Heat transfer (steam pressure) As-designed, the RSGs operating at 

full (100%) reactor rated power with the reactor coolant temperature at the design point were 

expected to generate steam whose pressure was to be no less than 816 psia (and no greater than 

900 psia) at the steam outlet nozzle. As-tested, one RSG generated steam at approximately 831 psia 

(5.73 MPa) and the other one at approximately 837 psia .The authors wish to acknowledge all 

Edison and MHI personnel involved in the SONGS steam generator replacement project for 

their efforts to make this project a success." 

4. SCE Presentation To NRC, June 7, 2006 

2006 Effective Plugging -U2 - 13.5%, U3 - 7% 
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Plugging Limit is 21.4% 

Do Not Expect to Reach Plugging Limit (See B. 3. (Part 1) & DAB Comment 1) 

Will Be Implemented Under 1 OCFR50.59. (See DAB Comment 1) 

No Power Uprate (See DAB Comment 2) 

Design Reviews (See DAB Comment 3) 

Technical Meetings (SONGS, Kobe) (See DAB Comment 3) 

Special Engineering Visits (See DAB Comment 3) 

Readiness Reviews (See DAB Comment 3) 

Independent Inspections 

Audits 

Larger Surface Area (See DAB Comment 4) 

Improved AVB Design" (See DAB Comment 5) 

C.1 - DAB Notes: 

1. Not True - SCE specified and designed the RSGs and approved MHI design. SCE knew about the 

void fractions concerns errors based on Dwight Nunn's letters in 2004-2006 timeframe as 

documented in notes 2 & 3 below. 

2. DAB Experts based on SONGS Unit 3 RSGs in-plane FEI Observations and analyses conclude 

that, "Two conditions have to occur to create in-plane fluid elastic instability and tube-to-tube 

contact. Condition (1) - Dry steam, Excessive hydro-dynamic pressures, elevated steam velocities 
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and zero damping (mechanical, external fluid damping and squeeze film damping) to start the in

plane motion of the tubes with large amplitudes by exceeding the critical velocities of the tubes, and , 

Condition (2) - Based on MHI Repair Plan- Thicker AVBs with in-plane friction force> 30 Newtons 

are required to pin down or stop the in-plane motion of the moving tubes (exceeding the critical 

velocity) to prevent tube-to-tube contact. Condition (1) existed in Unit 3 RSGs due to higher primary 

flow (79E6 lbs./ Hr.) and condition (2) did not exist (Thinner AVBs with in-plane friction force - 1 

Newton instead of Thicker AVB >Newtons). That is why Unit 3 RSGs experienced in-plane fluid 

elastic instability and tube-to-tube contact. Condition (1) did not exist in Unit 2 RSGs due to lower 

primary flow (77.5E6 lbs./ Hr.). Unit 2 AVBs were crooked with in-plane friction force - 2 Newtons. 

Absence of condition (1) did not create in-plane fluid elastic instability and tube-to-tube contact in Unit 

2 RSGs. If Unit 2 had Condition (1) and with condition (2) not present, then Unit 2 RSGs would have 

experienced in-plane fluid elastic instability and tube-to-tube contact like Unit 3 RSGs. But In-plane 

FEI and tube-to-tube contact did not occur in Unit 2 RSGs. Each of the Unit 3 RSGs had 

approximately 160 tubes that experienced tube-to-tube wear due to presence of conditions (1) & 

absence of condition (2) in 11 months of operation . No tubes in the Unit 2 RSGs experienced tube-to

tube wear due to absence of condition (1) though the Unit 2 RSGs operated twice as long (22 

months) compared with the Unit 3 RSGs (11 months)." 

3. SCE exceeded the Unit 3 steam generators functional specifications stated in Document B. 3. 

(Part 2) above (Steam Pressure 942 PSI for Unit 3 RSGs - Functional Limit - 900 psi, Verified in a 

Meeting with Greg Werner, Ryan Lantz and Art Howell in March 2012). Low steam pressures (833 

psi) are severe for tube vibrations with zero tube-to-A VB gaps. Higher steam pressure (942 psi) 

reduces tube vibrations but also generate low power (1724 MWt instead of 1729 MWt). In order to 

generate 1729 MWt at a steam pressure of 942 psi, SCE increased the feedwater flow by 32,000 

lbs./hour requiring an extra primary heat of 24E6 Btu/Hour and 0.2E6 lbs./hr. of primary flow. 

Somebody within SCE Organization made a decision to increase to steam pressures to 942 psi (Test 

Limit 900 Psi), 32,000 lbs./hour of feedwater and 1.5E6 lb./hr of RCS Flow rate in Unit 3 RSGs 

to minimize ding/dent indications, maintain mechanical damping and thus minimize tube 

vibrations and increase the extra 5 MWt of Thermal power. This added primary flow of 1.5E6 lbs./hr. 

was fatal for the tubes vibrations due to excessive steam velocities/void fractions, when only 0.2E6 

lbs./hr. of primary flow was needed. SCE Engineers/Operators added 1.5E6 lbs./hr. of primary flow 

without any thinking , procedures, thermal-hydraulic, flow-induced vibration, tube and wear analysis. 

SCE Engineers/Operators even did not pay any attentions to Unit 3 extra alarms and higher primary 
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temperatures, both potential indicators of tubes banging into each other and film boiling. AVP Experts 

state, "The Primary side flow is higher in Unit 3 RSGs (79E6 lb./hr.) than Unit 2 RSGs (77.5E6 lb./hr.), 

which equates to more primary energy transfer to the Unit 3 RSGs secondary side. The OSGs had 

primary side flow of 75E6 lb./hr. The importance of this undiscovered/hidden fact during SCE, 

MHI and NRC investigations is that Unit 3 RSGs had more heat energy transfer from the 

hottest channels (region of tube-to-tube wear) than the OSGs and Unit 2 RSGs hottest 

channels to the Unit 3 RSGs secondary side. These adverse phenomena caused elevated 

steam and void fractions much higher (than the SG average) in Unit 3 RSGs secondary side 

than the OSGs and Unit 2 RSGs secondary side. These AVP observations are consistent with a 

new proprietary nuclear industry study (Impact of High Moisture Carryover on Turbines) published in 

November 2015, which states, 'Core exit steam quality (Note 1 & 2) in 'hot' channels are much higher 

than the core average, resulting in elevated steam velocity exiting the core.' SCE's experiment 

backfired, producing dry steam with elevated steam velocities and zero damping, which caused in

plane FEI in Unit 3, in-plane motion of some of the tubes with large amplitudes in the zone of highest 

void fractions or highest heat flux. These tubes moved in the middle of the AVBs without being 

restrained by any of the AVBs, made tube-to-tube contact and produced tube-to-tube wear which lead 

to the retirement and decommissioning of San Onofre Units 2 & 3. In-plane FEI did not occur in Unit 2 

RSGs because of lower steam pressure and lower RCS Flows. The double tube-to-AVB contact 

force, higher number of dent/ding signals, higher AVB Twist, crooked AVBs and unverified 

theories/analysis/testing results developed by SCE/MHI (ignoring the operational differences between 

Units 2 & 3) for preventing in-plane FEI in Unit 2 are completely repudiated/rejected based on the 

reports and interviews listed below. Somebody within the SCE AVB Team, Design Team, Root Cause 

Team, Shift Managers, Senior Leadership and Operations made the decision to exceed the Unit 3 

RSGs Functional acceptance criteria. SCE, MHI, NRC, CPUC and the CA State AG needs to conduct 

investigation to find out who authorized/made that decision. All the investigations conducted to date 

have been meaningless or focused in the wrong direction. Truth can be suppressed but not hidden 

forever like the Hotel Bristol notes and SCE/MHI decision not to inform NRC about their failed efforts 

to reduce void fractions and improve circulation ratios. This is a question of nuclear safety. 

After SCE exceeded the Unit 3 steam generators steam pressure functional specifications stated in 

item Document B. 3. (Part 2) described above and caused a tube leak and broke hundreds of tubes 

in Unit 3 RSGs in 11 months or few hours, Bob Olech, P.E., Former International and Famous SCE 

Heat Transfer Expert became Mentor to the SCE Unit 3 Root Cause Team. SCE Unit 3 Root Cause 
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Evaluation Team under Bob's mentorship wrote this imaginative and weird analysis, ""The facts 

identified in this analysis indicate that even though the Unit 3 tube bundle components (tubes and 

[Anti-Vibration Bars (AVBs)]) might have been fabricated and assembled better, the tube-to-AVB as

built gaps might have been in fact larger in the Unit 3 RSGs as suggested by the ECT results. Based 

on this, it cannot be ruled out that the tube-to-AVB gaps are larger and more uniform in the Unit 3 

RSGs than the Unit 2 RSGs. This might have resulted in reduction of the tube-to-AVB contact force 

and consequently in multiple consecutive AVB supports being inactive. Inactive tube supports might 

have resulted in tube-to-tube wear." NRC Independent Consultants blasted the SCE Unit 3 Tube 

Leak Root Cause Analysis and stated , "The average of the gaps between the outermost tubes and 

the central columns was found to be essentially the same between the Unit 2 and Unit 3 steam 

generators, which does not support a premise that more uniform manufacturing practices for Unit 3 

steam generator tube bundles resulted in less contact force between anti-vibration bars and tubes. 

Eddy current testing inspection measurements of tube-to-anti-vibration bar gap were determined to 

be of questionable value in an assessment of likely tube wear behavior. Review of Figure 4.1.2-1 in 

Mitsubishi Document L5-04 GA564, Revision 2, indicated the potential fallacy in projecting differences 

in average contact forces (at tube-to-anti-vibration bar intersections) between Units 2 and 3." 

(Ref. Ref. SONGS NRC Confirmatory Letter Response Action Report dated September 20, 2013, 

Pages A2-3 & A2-6) . NRC Inspectors agreed with NRC Independent Consultants and stated , "The 

inspectors concur that the measured gaps between the outermost tubes and the anti-vibration bars in 

the central columns do not in-and-of-themselves support a premise that more uniform manufacturing 

practices for the Unit 3 tube bundles resulted in less contact force between the tubes and anti

vibration bars." (Ref. SONGS NRC Confirmatory Letter Response Action Report dated September 20, 

2013, Page 34). NRC Atomic Safety Licensing Board unanimously stated , "Manufacturing of 

components is never perfectly exact. Thus, if the nominal design specifies a required distance 

between adjacent steam generator tubes, it will also specify how closely the manufacturer must come 

to that required distance. This permitted variance from the design is referred to as the fabrication 

tolerance. Ironically, SCE indicates that the steam generators for Unit 3 were built more closely to 

design specifications than those in Unit 2, and it maintains that this greater manufacturing precision 

rendered the Unit 3 steam generators more susceptible to in-plane tube vibration. One of SCE's 

contractors "concluded that the [tube-to-tube wear] in Unit 2 was not due to [fluid elastic instability], 

but instead to proximity. But other SCE analyses "assumed that [fluid elastic instability] could occur in 

Unit 2 at 100% power; SCE attributes the difference in tube-to-tube wear between Units 2 and 3 to 

fabrication differences arising from allowable fabrication tolerances. Fabrication tolerances permit 

small differences between components designed to the same specifications, and SCE attributes the 
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large difference in steam generator operational performance to very small differences in 

their construction." In other words, NRC ASLB was laughing at the Bob Olech, Mentor and the SCE 

Unit 3 Root Cause Team's imaginative and weird analysis and telling them to go back home and re

write their Unit 2 Restart Reports written on "Worthless Reams of Paper" after paying hundreds of 

millions of dollars to Global Consultants and performing 170,000 tube inspections. Ted Craver told 

San Onofre CNO Peter Dietrich and his Engineers to stop their useless efforts and announced 

retirement and decommissioning of San Onofre Units 2 & 3 with San Onofre Settlement secure in his 

with the help pf Peevey, Melanie and Pickett. MHI Repair Plan and 

Independent Consultants Report to NRC (which would have exposed SCE, MHI and NRC weird and 

unverified analytical Reports) was never made public by SCE, MHI and NRC. 

C.2 - DAB Comments: 

1. Bob Olech contradicted what SCE told NRC and CPUC regarding the plugging limit of OSGs. 

Based on the numbers, the OSGs could have easily lasted till 2023 with reduced power and plugging, 

which could have been increased by decreasing the steam pressure and increasing the primary flow 

rate and feedwater rate. What was the rush of installation of the replacement steam generators, when 

there was a still ample plugging margin for OSGs to operate safely for few more years? Why was 

1 OCFR 50.59 avoided when SCE knew that OSGs and RSGs designs were completely different? It is 

obvious that the safety was compromised due to the rush to increase profits. 

2. Not True. The OSGs were rated only for 1705 MWt and RSGs power was boosted to 1729 MWt. 

3. There was a complete failure of SCE Oversight based on a review of SCE/MHI Meeting Notes and 

NRC Reports by DAB. 

4. Benchmarking of the NRC Licensed and in-plane qualified Palo Verde and AN0-2 RSGs Alloy 690 

tubes heat transfer area/Thermal Megawatt ratio calculations shows that as-designed/operated by 

SCE, and unlicensed San Onofre's RSGs with Alloy 690 tubes were capable of only producing 1600 

MWT (operational flexibility of± 2%, 1568 -1632 MWt) of safe thermal power instead of the 1729 MWt 

thermal power specified by SCE to maximize their profits. AVP/DAB Expert's cannot find any 
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documents showing how SCE justified the power of 1729 MWTs in the new RSGs since there was no 

comparative design/operational, thermal-hydraulic, tube wear/vibrational, stress, fatigue and impact 

on the balance of plants systems/components analysis done between the OSGs and the RSGs. 

Besides the heat transfer area, you also have to review the friction losses due to replaced 

components, tube height, tub-to-tube clearances, tube-to-AVB gaps, impact of localized heat transfer 

from the additional tubes, primary flow rate , steam pressure, FIV & T/H Analyses and the new 

secondary flow area and feedwater distribution mechanism. 

5. Not True. The OSGs were qualified for in-plane FEI. The RSGs were qualified for out-of-plane 

FEl.Dwight Nunn stated in 2005, "Anti-Vibration Bar design (and installation) is by far one of the most 

challenging tasks that will face Mitsubishi Heavy Industries and San Onofre; in fact, it is in our opinion 

the single most significant task facing the industry for steam generators of our size today. Since the 

San Onofre steam generators are one of the largest steam generators ever built and large steam 

generators appear more susceptible to wear (in fact, our current steam generators have experienced 

a high percentage of plugged tubes due to wear), it is a paramount concern of ours that we ensure a 

reliable support design. We consider this engineering challenge perhaps the most critical issue at this 

time. Recent industry experience with Anti Vibration Bar supports has demonstrated the difficulty in 

developing a successful design (the recent experience at a United State's plant emphasized this point 

when more that 180 tubes were found to have wear indications 

after only one cycle of operations, some of these indications 'Were up to 20% through wall). Our 

discussions with Mitsubishi Heavy Industries to date have not resulted in a plan that will successfully 

address this industry concern. Both San Onofre and Mitsubishi Heavy Industries are having difficulty 

in formulating such a plan." 
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