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Concerning SCE's NRC Technical Presentation on 12-11-30

The DAB Safety Team has transmitted the following report this morning to the Chairman of the
NRC, Atomic Safety Licensing Board, NRC Offices of Nuclear Reactor Regulations and Nuclear
Regulatory Research:

"SONGS Unit 2 Dangerous Replacement Steam Generators:

SCE's Embarrassing Technical Performance Trying To Justify A Restart

Of Unit 2, To The NRC, At Their November 30, 2012 Public Meeting."

The 78 page technical document includes 14 questions that affect US Reactor
SAFETY, that the NRC, NRR and RES Regulators need to ask SCE to answer at
their Dec 18, 2012 NRR/RES Meeting.

The report will also be posted on the web at this link: San Onofre Papers.
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The DAB Safety Team: Don, Ace and a BATTERY of safety-conscious San Onofre insiders plus
industry experts from around the world who wish to remain anonymous. These volunteers assist
the DAB Safety Team by sharing knowledge, opinions and insight but are in no way responsible for
the contents of the DAB Safety Team's reports. We continue to work together as a Safety Team to
prepare additional San Onofre Papers, which explain in detail why a SONGS restart is unsafe at
any power level. For more information from The DAB Safety Team, please visit the link above.

Our Mission: To prevent a Trillion Dollar Eco-Disaster, like Fukushima, from happening in the
USA.

Copyright December 17, 2012 by The DAB Safety Team. All rights reserved. This material may not be published, broadcast or
redistributed without crediting the DAB Safety Team. The contents cannot be altered without the Written Permission of the DAB
Safety Team Leader and/or the DAB Safety Team's Attorneys.
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SONGS Replacement Steam Generators Sectional View & Anti-vibration Bars

http://www.nrc.gov/info-finder/reactor/songs/songs-steam-generator-internal-diagram.pdf
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DISCLAIMER & ACKNOWLEDGEMENTS

A NRC Branch Chief gifted with MIT Intelligence, Intuition and a Sixth Sense said to an anonymous
participant at an Industry Conference, "Sir, to resolve any complex technical problem and understand
unclear regulations, you have to, 'read and reread in between the lines', use, 'critical questioning and an
investigative attitude' and 'solid teamwork & alignment."

SONGS Unit 3 Replacement Steam Generators (RSGs) were destroyed due to the adverse effects of fluid
elastic instability (tube-to-tube wear). Academic Researchers have discussed and warned about the
adverse effects of fluid elastic instability in nuclear steam generators since 1970's. Westinghouse and
Combustion Engineering (CE) have designed CE engineering replacement steam generators (RSGs) to
prevent the adverse effects of fluid elastic instability since 2000's (e.g., PVNGS). SCE and MHI
Engineers were both negligent because they did a very poor job of Industry and Academic Research
benchmarking regarding the adverse effects of fluid elastic instability during the replacement of SONGS
original CE SG's, nor did they display 'critical questioning and an investigative attitude' or "solid
teamwork & alignment" during the design and fabrication of the new RSG's. Once again, SCE Engineers
are proposing to restart the damage Unit 2 RSGs at reduced power without really understanding the basic
concepts and adverse effects of fluid elastic instability as shown in the remainder of this document.

The position that San Onofre's "As designed and defective" replacement steam generators (RSG's)
without replacement or adequate repairs (replacement of tube bundle and/or anti-vibration supports) are
UNSAFE to meet the Steam Generator Fundamental Tube Integrity Criteria for a Main Steam Line Break
Accident is consistent with the recommendations made on this subject by:

1. Fairewinds Associates Internationally Known Nuclear Consultant Arnie Gundersen and his team of
Anonymous Industry insiders, who have had lengthy careers in the design, fabrication, and operation
of nuclear steam generators

2. Professor Dan Hirsch
3. Dale Bridgenbaugh (Retired professional nuclear engineer)
4. David A. Lochbaum, Director of the Nuclear Safety Project for the Union of Concerned Scientists

(UCS)
5. The DAB Safety Team's BATTERY of safety-conscious industry experts, along with a number of

insiders with SONGS specific root cause, thermal-hydraulic and operation expertize.
6. Other anonymous steam generator and thermal-hydraulic experts from around the world who wish to

remain anonymous.
7. Retired NRC Branch Chief and other anonymous NRC Experts
8. Publicly available posted documentation by Dr. Joram Hopenfeld, a retired engineer from the Office of

Nuclear Regulatory Research and NRC's Advisory Committee on Reactor Safeguards (ACRS) report
issued in February 2001, which substantiated many of Dr. Hopenfeld's concerns

The DAB Safety Team would like to thank the following NEI Qualified, "U.S. Nuclear Plant Designers"
AREVA NP Inc., Westinghouse Electric Company LLC, and especially Mitsubishi Heavy Industries
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Limited (MHI) for their extremely candid discussions and "Quoted Information" from the Publicly
Available Documents. These documents are available on http://www.SONGScommunity.com! or
www.nrc.gov/ Tab (San Onofre Nuclear Generating Station, Unit 2 - Confirmatory Action Letter - and
Return to Service Plan for Unit 2).

EXECUTIVE SUMMARY

SCE's misleading and embarrassing technical presentation at the NRC public meeting creates doubts
about its ability to-perform a safe restart of the Unit 2 Replacement Steam Generators.

After spending almost a year, wasting hundreds of millions of dollars of rate payer's money and hiring the
World's Best Experts, Southern California Edison brought out SONGS Senior Vice President of
Engineering, Tom Palmisano, on November 30, 2012 (Friday night) to give their technical presentation in
a dazzling performance bid to convince their NRC regulators why they should be able to restart damaged
SONGS Unit 2. Sadly, Palmisano failed miserably to convince the DAB Safety Team, the NRC Region
IV Panel and other Public/Technical Experts that Southern Californians would be safe from the effects of
a potential nuclear radiological accident by the restart of Unit 2's Steam Generators by operating them at
70% power for a trial period of 5 months. When questioned by NRC Panel Members, "stumbled several
times during his presentation", then in response to the panel members questions for further technical
details said sometimes irritatingly, "I will get back to you" and then finally "hesitantly" admitted, "SCE
and MHI analysis are still not yet complete and will continue for several months for a detailed analysis
and investigation to this problem."

The DAB Safety Team's perception is that Palmisano is either pretending or really does not understand
the Westinghouse Operational Assessment's conclusions regarding the adverse effects of fluid elastic
instability and flow-induced random vibrations, which caused the January 31, 2012, radioactive leak in
one of the SONGS Unit 3's brand new 680 million dollar replacement steam generators (RSG's) that were
reverse-engineered by the inexperienced SCE in-house engineers and manufactured at the direction of a
complacent Mitsubishi Heavy Industries. Based on analysis of NRC AIT Report and SONGS Procedures,
Operational Data, Plant Daily Briefing Sheets, Engineering Calculations and conversations with Plant
Personnel, the DAB Safety Team disagrees with SCE and confirms Westinghouse Operational
Assessment conclusions that fluid elastic instability did not occur in Unit 2 Steam Generator E-089.
Discussions with two of the NRC Panel Members gives us the perception that the NRC panel Members
disagree amongst themselves and also with SCE on the effect of operational parameters on fluid elastic
instability in Unit 2 Steam Generator E-089.

Unit 2 inspections reveal that there are numerous U-bends in both RSGs with tube-to-tube clearances as
small as 0.05 inches (SONGS RSGs Design 0.25 inches, Industry NORM 0.35-0.55 inches). SCE VP
Engineering Tom Palmisano states, "To figure out how it would be safe to restart Unit 2, Edison,
Mitsubishi and other independent consultants used a better formula developed by the Electric Power
Research Institute. Independent consultants - including Mitsubishi competitors Areva, Westinghouse and
B&W Canada - also used the better formula and found that it would have predicted the kind of problems
San Onofre experienced if Mitsubishi had used it during the manufacturing. It follows, that this formula
can predict accurately safe operating parameters for Unit 2, which include operating it at 70 percent power
for 5 months with certain tubes plugged and taken out of service, as has been done. Westinghouse states,
"For ATHOS simulations, each half of the steam generator, Columns 1 through 89 and 89 through 177 are
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modeled separately to capture the effects of asymmetric tube plugging. The primary and the secondary
side operating conditions and properties for both halves are assumed to be the same." Mock-up testing or
laboratory validation of simulation of thermal-hydraulic conditions using Close Circuit Detection cameras
to identify the effects of extremely low tube clearances, natural frequencies of individual damaged "in-
service" plugged and or stabilized tubes inside SONGS Unit 2 RSG's under MSLB, other anticipated
operational occurrences and transient conditions (complete uncovery of U-Tube Bundle, 100% void
fraction meaning "Zero" Water Conditions) has not even been performed. The SCE claims about the
accuracy of thermal-hydraulic computer modeling for 70% power conditions are based on bulk
fluid behavior. Since fluid elastic instability is based on highly localized dry outs occurring in
certain high wear regions of the U-tube bundle due to low tube clearances and hot leg side hot flux,
SCE's claims are erroneous, plus their blaming MHI's Thermal-Hydraulic Computer Modeling for
all past errors is misleading and is designed to absolve SCE of all their mistakes by putting the
blame on MHI for the purpose of collecting insurance money due to "outdated" computer codes.

Unit 2 now has hundreds of times more bad tubes and a thousand times more indications of wear on its
tubes than the typical reactor in the country with a new steam generator, and nearly five times as many
plugged tubes as the rest of the replacement steam generators, over a comparable operating period, in the
country combined. Therefore, the restart of Unit 2 with thousands of degraded tubes present a formidable
challenge to the safe restart of Unit 2 plan by making it highly vulnerable to localized steam dry-outs,
100% void fractions, fluid elastic instability, flow-induced random vibrations, cascading tube ruptures
during unanticipated operational occurrences and or Main Steam Line Breaks. In short, SCE is trying to
Restart Unit 2's Degraded RSG's, which are outside the NORM of the NRC Regulations.

The NRC Chairman has stated that SCE is responsible for the work of its vendors and contractors.
Westinghouse states that none of the MHI fabrication issues were extensively analyzed in the SCE root
cause evaluation." It is the DAB Safety Team's opinion that SCE claims that insufficient contact forces in
Unit 3 Tube-to-AVB Gaps ALONE caused tube "to" tube wear are misleading, erroneous and designed to
put the blame on MHI for purposes of making SCE look good in the public's eyes and for collecting
insurance money from MHI's manufacturing so called defects.

Here are the 14 most important questions that the DAB Safety Team feels must be answered before
the NRC, Atomic Safety Licensing Board, NRC Offices of Nuclear Reactor Regulations and Nuclear
Regulatory Research can complete their investigation regarding the reasonableness of the actions of
SCE with respect to SONGS steam generator replacements and their subsequent safe operation:

1 - According to some Newspaper Comments and Industry Reports in 2004, the going price for each of the
four 620 Ton CE Replacement Steam Generator was estimated to be between 175-200 Million Dollars
(Per Piece). How did SCE CNO/President in 2004 convince MHI to build such large, complicated,
innovative and complex steam generators for 569 million dollars, which is almost 130 million dollars
short of the market price and funds approved by CPCU?

Note: The steam generator project execution began in 2004 after a SCE cost-benefit analysis, which
revealed that replacement of major parts and components would save $I bn for Southern California Edison
customers during the plant's license period. Instead, the ratepayers have lost $1 bn in less than 2 years due
to SCE's in-house design teams mistakes.

2 - Since MHI only had experience building Fort Calhoun's Generator of less than 320 tons, how did the
SCE Engineers Technically Qualify MHI?
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3 - Which other utilities' QA Programs, did SCE take the credit for, to approve Mitsubishi's quality
assurance program. Fort Calhoun? French? Belgium? Japan?

4 - Why did SCE did not apply to NRC for increasing the plugging limit for the Old CE Generators, so
they would have had more time to think, research and not rush according to Michael Peevey?

5 - Which CE Replacement Generator US Utilities did SCE benchmark to develop such detailed design
and performance specifications or did they just modify the CE Old Generator Specifications with New
Industry Information? Were the SCE engineers, who wrote, checked and approved the specifications
steam generator experts or was another steam generator expert in the background, who directed all the
SCE work?

6 - Where did all the claims of challenges, reward, innovations and teamwork between SCE and MHI go
wrong?

7 - Were the SCE Engineers sent to Japan to check MHI work and approve documents /test results
qualified in that field, or they were just training/sight-seeing?

8 - Who at SCE made the decision to make all these numerous design changes and determined the changes
were "Like for Like" and did not need a Licensing Amendment Process?

9 - Which SCE Engineer provided all these changes, information and documents to which NRC Engineer,
who then made the decision that it was OK to proceed without a full Licensing Amendment Process?

10 - Which SCE engineer(s) approved/validated the MHI Thermal-Hydraulic FIT-Il FIVATS code Inputs
and Calculations?

11 - To get 10% heat transfer equivalent by switching from Alloy-600 To alloy 690, SCE needed to add
935 tubes, but they only added 377 tubes. What happened to the balance of 568 tubes? Did the SCE
Engineers told MHI to increase the length of 9727 tubes and by how much to make up for the 533 tubes?

12 - Why did the SCE Engineers did not question the MHI benchmarking, verification and validation of
the FIT-II thermal-hydraulic model?

13 - Why did the SCE engineers did not contact their counter parts at PVNGS for information/advice,
since PVNGS has the Largest CE Replacement Generators (800 Tons) in the world, were built in early
2001-2005 time frames and are running successfully?

14 - Were the original CE Steam Generators and new replacement generators exact in Thermal Output
(MWe) or were there minor differences?

The Public expects that NRC Region IV complies with President Barack Obama, Senator Barbara Boxer
and NRC Chairman's Open Government Initiative by using NRC Branch Chief's advice and Reactor
Oversight Process, when it audits SCE's Licensing Basis Documents, facility procedures/records, 10 CFR
50.59 Safety Evaluations, Unit 2 Restart Documents and issues/approves Safety Evaluation, License
Amendment Applications and Inspection Reports, Responses to Confirmatory Action Letters and other
enforcement violations, as appropriate. NRC completes its mission of ensuring public safety with
complete public respect, transparency and involvement by issuing all documents, emails, telephone
records and holding open and trial-like thorough hearings without any time pressure from SCE, its
vendors and contractors.

Under no circumstances should the NRC Region IV, Offices of Nuclear Reactor Regulation and Nuclear
Regulatory Research, and NRC Atomic Safety Licensing Board permit SCE to restart unit 2 without re-
tubing or replacing the defective replacement steam generators, a full NRC 50.90 Licensing Amendment
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and transparent trial-like public hearings.

ABBREVIATIONS AND ACRONYMS

* ACRS: NRC's Advisory Committee on Reactor Safeguards
* ADAMS: NRC's Agencywide Documents Access and Management System
* AIT: NRC's Augmented Inspection Team
* •AREVA: Nuclear engineering firm owned by French Atomic Energy Commission
* ASME: American Society of Mechanical Engineers
* AVB: Anti Vibration Bar
* Bq: Becquerel
* CFR: Code of Federal Regulations
* CPUC: California Public Utilities Commission
* DBA: Design Basis Accident
* DPO: Differing Professional Opinion
* ECT: Eddy Current Testing
* ECCS: Emergency Core Cooling System
* EDF: French nuclear parts manufacturing company, also owns transmission lines in France, etc.
* EPRI: Electric Power Research Institute
* FEI: Fluid Elastic Instability
* FIRV: Flow-Induced Random Vibrations
* FSAR: Final Safety Analysis Report
* FSM: Fluid elastic Stability Margin
* FWLB: Feed-Water Line Break
* GDC: General Design Criteria
* GSI: Generic Safety Issue
* ID: Inner Diameter
* IGA: Inter-Granular Attack

I lNES: International Nuclear Events Scale
* ISI: In-Service Inspection
* KEPCO: Kensai Electric Power Corporation
* LOCA: Loss Of Coolant Accident
* MHI: Mitsubishi Heavy Industry
* MPa: Million Pascal's
* MRPC: Motorized Rotating Probe Coil
* MSIV: Main Steam (line) Isolation Valve
* MSLB: Main Steam Line Break
* MWt: Mega-Watts Thermal
* NDE: Non Destructive Evaluation
• NEI: Nuclear Energy Institute
* NOPD: Normal Operating Pressure Differential
* NPP: Nuclear Power Plant
* NRC: Nuclear Regulatory Commission
* NRR: NRC's Office of Nuclear Reactor Regulations
* NUREG: Publications prepared by NRC Staff
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* OD: Outer Diameter
* P/D: Pitch to Diameter ratio
* OSG: Original Steam Generator
* pU2: Hydrodynamic Pressure
* PRA: Probabilistic Risk Assessment
* PVNGS: Palo Verde Nuclear Generating Station
* RCE: Root Cause Evaluation
* RCPB: Reactor Coolant Pressure Boundary
* RCS: Reactor Coolant System
* RELAP: A computer program for analyzing thermal-hydraulic conditions
* RSG: Replacement Steam Generator
* RWST: Refueling Water Storage Tank
* SCE: Southern California Edison
* SG: Steam Generator
* SGTR: Steam Generator Tube Rupture
* SM: Stability Ratio
* SONGS: San Onofre Nuclear (Waste) Generating Station (alternate abbreviation: SONWGS)
* SRP: Standard review Plan
* T/R: Transmit/Receive
* TS: Technical Specifications (for operation of a NPP)
* TSP: Tube Support Plate
* TTS: Top-of-Tube Sheet
* TTW: Tube-to-Tube Wear
* TW: Tube Wear
* UT: Ultrasonic Testing
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DAB SAFETY TEAM PROBLEM STATEMENT

1. Governing Requirements and NRC Standards of "Reasonable Assurance"

" SG tubes provide heat transfer capability to support SONGS Unit 2, 70% power operations, allow
removal of Reactor Coolant System (RCS) heat during accident conditions (Main Steam Line Break,
Design Basis Earthquake and other Unanticipated Operational Transients), and provide a physical
barrier to control the release of radioactive fission products to adequately protect the health and safety,
economy and environment of Southern Californians.

" Title 10 of the Code of Federal Regulations (10 CFR), "Energy," establishes the fundamental
regulatory requirements for the integrity of the SG tubes. Specifically, the general design criteria
(GDC) in Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50,
"Domestic Licensing of Production and Utilization Facilities," state that the RCPB-shall have "an
extremely low probability of abnormal leakage... and gross rupture" (GDC 14, "Reactor Coolant
Pressure Boundary") "shall be designed with sufficient margin" (GDCs 15, "Reactor Coolant System
Design," and 31, "Fracture Prevention of Reactor Coolant Pressure Boundary") shall be of "the
highest quality standards practical" (GDC 30, "Quality of Reactor Coolant Pressure Boundary") shall
be designed to permit "periodic inspection and testing.. .to assess.. .structural and leak-tight integrity"
(GDC 32, "Inspection of Reactor Coolant Pressure Boundary").

" The NRC Chairman has stated that SCE is responsible for the work of its vendors and contractors.

* When, as described, in 10 CFR 50.54(s)(2)(ii) and 50.54(s)(3) of its regulations, the NRC finds the
state of emergency preparedness does not provide reasonable assurance that adequate protective
measures can and will be taken in the event of a radiological emergency, the NRC will notify the
affected licensee accordingly and start the" 120-day clock." If after four months ("120-day clock") the
deficiencies are not corrected, the Commission will determine whether the reactor shall be shut down
until such deficiencies are remedied or whether other enforcement action is appropriate.

2. Deviations or Defects

About 9 months ago, on January 31, 2012, in SONGS Unit 3, one tube started leaking radioactive
coolant in one of brand new 580 million dollar replacement steam generators (RSG's) E-088 reverse-
engineered by SCE and manufactured by a complacent Mitsubishi Heavy Industries, Ltd (MHI). The
leak, although small, had increased enough in a short period of time to warrant the emergency
shutdown of the reactor. When tested later, in March 2012, eight (8) steam generator tubes (wear
range 72-100%, length of wear 23-34 inches) in the newly replaced San Onofre Unit 3 RSGs E-088
failed "in-situ" main steam line break pressure testing and therefore were plugged, after only after 11
months of operation, something that had never happened before in the history of the US Nuclear fleet.
Additionally, several hundred of the Alloy 690 Thermally Treated tubes were also plugged due to
tube-to-tube wear. SONGS RSG's now have more damaged and or plugged tubes than all the rest of
the US reactor fleet combined. Southern Californians were very lucky, because a potentially serious
nuclear accident in progress in Unit 3 was stopped. This accident could have caused a nuclear
meltdown and threatened the health and safety, economy and environment of Southern California.
SCE Unit 3 Root Cause Evaluation states, "As a part of the extent of condition for the Unit 2 RCE, a
focused ECT inspection was performed in the Unit 3 SGs, which identified three tubes with wear at
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the retainer bars greater than 35%." SCE in its November 30, 2012, NRC Presentation stated, "Four
tubes with retainer bars wear above 35% limit in Unit 2 were plugged." NRC website states, "The
severity of one of the wear indications at a Unit 2 retainer bar was significant enough (90 percent thru-
wall) to warrant in-situ pressure testing. This pressure test confirmed the structural integrity of this
tube (there was no leakage)." SCE is not stating the facts neither in its Root Cause Evaluation nor in
its NRC Presentation. What it really means that Southern Californians were lucky once again, that
Unit 2 was shutdown for refueling shutdown. Otherwise, this tube could have also leaked due to
another design bases accident or unanticipated transients. The RSGs designed by SCE and
manufacturing by MHI clearly violated the Code of Federal Regulations, 10 CFR Part 50, GDC 14,
"RCPB-shall have "an extremely low probability of abnormal leakage... and gross rupture."

SCE told NRC Panel members and the Public in their November 30, 2012 meeting that tube-to-tube
Wear (fluid elastic instability) in Unit 2 was most likely caused by in-plane vibration. Two affected
tubes with 14% wear depth were plugged and 321 tubes were plugged preventatively to add a
"conservative" safety margin. This statement directly conflicts with the DAB Safety Team's
Assessment and the Westinghouse Operational Assessment that fluid elastic instability did not occur in
Unit 2. The DAB Safety Team's statement is based on review of plant operational data, plant
procedures, steam generator system descriptions, NRC AIT Report data, discussions with operations
and root cause team members and is consistent with Westinghouse, the premier nuclear designer in the
world.

" The following instances do not meet NRC Chairman Standards
o Westinghouse states that none of the MHI fabrication issues were extensively analyzed in the SCE

root cause evaluation. Therefore, the DAB Safety Team concludes that SCE Engineers were
negligent in not checking the results of MHI Thermal-Hydraulic Computer Models.

o The NRR technical specialist reviewed SCE's 10 CFR 50.59 evaluation and found two instances of
computer programs that failed to adequately address whether the change involved a departure of
the method of evaluation described in the updated final safety analysis report.

" SCE claims that insufficient contact forces in Unit 3 Tube-to-AVB Gaps ALONE caused tube "to"
tube wear are misleading, erroneous and designed to put the blame on MHI for purposes of making
SCE look good in the public's eyes and for collecting insurance money from MHI's so called
manufacturing defects.

" Based on a thorough review of Technical reports from Arnie Gundersen's team of steam generator
experts and MHI, together with AREVA's and Westinghouse Operational Assessments, the DAB
Safety Team has concluded that the FEI in Unit 3 SG's high wear region was caused by highly
localized steam dry-outs (Vapor fraction - 99.6%) due to lack of in-plane supports (SCE and MHI
design defect), narrow tube pitch to diameter ratio [excessive number of tubes (SCE and MHI design
defects)], high heat flux in the hot leg, high reactor power and low steam pressures (SCE Operational
and SCE/MHI Thermal- Hydraulic Computer Modeling Defects). Instead of carefully analyzing and
implementing the results of MHI's Technical Reports, AREVA's and Westinghouse's Operational
Assessments, SCE invented their own conclusions to absolve them of their negligence in the design of
RSGs and justify the restart of their "Defectively Designed and Degraded" Unit 2 RSGs. This does
not meet NRC Standards of "Reasonable Assurance for adequately protecting the health and safety of
the public from a potential radiological accident caused by the restart of Unit 2."
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0 Based on review and observation of Plant Operators and SONGS Emergency Response Organization
Performance for the last 6 years, and former retired NRC nuclear engineer Dr. Johan Hopenfeld's
published concerns, the DAB Safety Team concludes that Operator Action is not feasible to stop a
major nuclear accident in Unit 2 in the first 15 minutes of a MSLB, stuck open SG safety valve,
Earthquake, cascading Steam Generator Tube Ruptures and or any other anticipated operational
transients during the 5-month trial period of the already heavily damaged Unit 2 RSGs.

3. Consequences and Impact

Unit 2 inspections reveal that there are numerous U-bends in both RSGs with tube-to-tube clearances as
small as 0.05 inches (SONGS RSGs Design 0.25 inches, Industry NORM 0.35-0.55 inches). If allowed to
restart SONGS Unit 2 by NRC, even at 70% power operations for a trial period of 5 months, a steam line
break outside containment in Unit 2 and/or any unanticipated operational transients at any time during the
5-month trial period can result in the following potential scenarios: (1) the depressurization of the steam
generators with the failure of a main steam isolation valve to close, and release. of steam to the
environment, or (2) over-pressurization of the steam generators with the actuation of a main steam safety
valve and release of steam to the environment. Any of these adverse conditions despite power reductions
and higher steam pressures at any time during the 5-month trial period would still result in 100% void
fractions in the degraded Unit 2 U-Tube bundle due to flashing of the feedwater into steam due to
depressurization of steam generator. This condition of ZERO Water in the steam generators would cause
fluid elastic instability (FEI) and flow-induced random vibrations, which in all likelihood would then
result in a massive cascading of RSGs tube failures (tubes would excessively rattle or vibrate, hitting other
tubes with violent impacts) due to extremely low tube-to-tube clearances and no in-plane anti-vibration
bar protection. This Titanic and adverse effect would involve hundreds of degraded and active SG tubes
along with all the damaged and inactive (all the plugged /stabilized) SG tubes causing an undetermined
amount of simultaneous tube leaks/ruptures. Under one or more of these adverse scenarios, approximately
60 tons of very hot high-pressure radioactive reactor coolant would leak into the secondary system. The
release of this amount of radioactive primary coolant, along with an additional approximately 200 tons of
steam in the first five to fifteen minutes from a broken steam line would EXCEED the SONGS NRC
approved offsite radiological release doses safety margins. So, in essence, the RSG's are loaded guns, or a
nuclear accident like Fukushima, waiting to happen. Any failure under these conditions would allow
significant amounts of radiation to escape to the atmosphere and a major Loss of Coolant Accident
(LOCA) could easily result causing much wider radiological consequences and even a potential nuclear
meltdown of the reactor. Operator Action as claimed by Edison to re-pressurize the steam generators is
not feasible to stop a major nuclear accident in Unit 2 in progress in the first 15 minutes of a MSLB, stuck
open SG safety valve, Earthquake, Steam Generator Tube Ruptures and other anticipated operational
transients during the 5-month trial period.

4. Describe what happened

The Reactor Coolant System (RCS) circulates primary system water in a closed cycle, removing heat from
the reactor core and internals and transferring it to the secondary side main steam system. The steam
generators (SGs) provide the interface between the RCS and the main steam system. Reactor coolant is
separated from the secondary system fluid by the SG tubes and tube sheet, making the RCS a closed
system forms a barrier to prevent the release of radioactive materials from the core.

Steam generators are large components that convert water into steam using heat produced in the reactor
core. SONGS replacement steam generators (RSGs) measure up to 65 feet in height and weigh
approximately 640 tons. Inside the steam generators, hot radioactive water is pumped through thousands
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of feet of tubing - each steam generator contains more than 9700 tubes, each about three-quarters of an
inch in diameter (size of a penny and thin as a credit card) - under high pressure to prevent it from boiling.
That water flowing through the inside of the tubes then heats non-radioactive water on the outside of the
tubes. This produces steam that turns the blades of turbines to make electricity. The steam is subsequently
condensed into water and returned to the steam generator as feed-water to be heated once again.

RSGs tubes have an important safety role because they constitute one of the primary barriers between the
radioactive and non-radioactive sides of the plant. For this reason, the integrity of the tubing is essential in
minimizing the leakage of water between the two "sides" of the plant. There is the potential that if a tube
bursts while a plant is operating, radioactivity from the primary coolant system - the system that pumps
radioactive water through the reactor core - could escape directly to the atmosphere in the form of steam.

4.1 Unit 3 Steam Generators

Unit 3 had been operating for approximately 1 year following replacement of the steam generators when
control room operators received alarms on January 31, 2012, indicating that reactor coolant was leaking
into one of the steam generators (3E088). The leak was unexpected, and the licensee responded in
accordance with its procedures by performing a rapid shutdown, since the leak, although small, had
increased enough in a short period of time to warrant the precautionary shutdown. SCE completed
extensive plugging and selective staking of 807 tubes in Unit 3 (420 in 3E088 and 387 in 3E089).

4.2 Unit 2 Steam Generators

Unit 2 commenced a normally scheduled refueling outage on January 10, 2012. This was the first
refueling outage after replacement of both steam generators in January 2010. The severity of one of the
wear indications at a retainer bar was significant enough (90 percent thru-wall) to warrant in-situ pressure
testing because it exceeded the 35% limitation. The total plugging for Unit 2 was 205 tubes in 2E088, and
305 in 2E089.

4.3 NRC Confirmatory Action Letter

On March 27, 2012, the NRC issued a Confirmatory Action Letter (CAL) to SCE, to confirm the actions
the licensee committed to take prior to returning Units 2 and 3 to power operation. The CAL specifies that
prior to restart of either unit, the licensee will identify the cause(s) of the excessive tube wear and take
corrective actions to ensure that SG tube integrity can be maintained. The CAL also specifies that the
licensee will provide in writing to NRC its protocol of inspections and/or operational limits for the
planned operating interval and the basis for SCE's conclusion that there is reasonable assurance that the
units will operate safely. Neither unit will resume power operations until the licensee responds to the items
in the CAL, and the NRC has completed a thorough review of those actions and communicates in writing
it is satisfied the licensee can operate the plant without undue risk to public health and safety.

4.4 NRC Augmented Inspection Team (AIT) Report

A NRC Augmented Inspection Team (AIT) was established to review the causes and safety implications
following an event that occurred on January 31, 2012, involving a reactor coolant leak identified in a Unit
3 steam generator and a subsequent identification that multiple steam generator tubes in Unit 3 had
experience substantial and unusual wear, eight of which failed in-situ pressure testing.
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Although the steam generator tube degradation from this phenomenon observed in Unit 2 steam
generators was not as severe, the NRC team concluded that both units' steam generators were of similar
design with similar thermal hydraulic conditions and configurations. Therefore, SONGS Unit 2 steam
generators are also susceptible to this phenomenon.

The NRC team concluded that: (1) The combination of unpredicted, adverse thermal hydraulic conditions
and insufficient contact forces in the upper tube bundle caused a phenomenon called "fluid-elastic
instability" which was a significant contributor to the tube to tube wear resulting in the tube leak. The
team concluded that the differences in severity of the tube-to-tube wear between Unit 2 and Unit 3 may be
related to the changes to the manufacturing/fabrication of the tubes and other components, which may
have resulted in increased clearance between the anti-vibration bars and the tubes; (2) Due to modeling
errors, the SONGS replacement generators were not designed with adequate thermal hydraulic margin to
preclude the onset of fluid-elastic instability. Unless changes are made to the operation or configuration of
the steam generators, high fluid velocities and high void fractions in localized regions in the u-bend will
continue to cause excessive tube wear and accelerated wear that could result in tube leakage and/or tube
rupture; (3) The thermal hydraulic phenomena contributing to the fluid-elastic instability is present in both
Unit 2 and 3 steam generators; (4) Based on the updated final safety analysis report description of the
original steam generators, the steam generators major design changes were appropriately reviewed in
accordance with the 10 CFR 50.59 requirements. However, further review is required related to the
change in methodology used for the steam generator stress analysis calculations.

The NRC AIT Team performed a number of different thermal-hydraulic analyses of Units 2 and 3 steam
generators. The output of the various analyses runs were then compared and reviewed to determine if
those differences could have contributed to the significant change in steam generator tube wear. It was
noted that Unit 3 ran with slightly higher primary temperatures, about 41F higher than Unit 2. Other
differences were noted in steam and feedwater flow but none of the differences were considered sufficient
to significantly affect thermal hydraulic characteristics inside the steam generators. The different analyses
included:
* Lower bounding thermal hydraulic analysis using the steam generator base design condition, where

primary inlet temperature was 5981F, and an upper bound case where primary inlet temperature was
611 OF as identified in Mitsubishi Document L5-04GA021, Revision 3

• Varying steam generator pressures from 833 to 942 psia
* Steam mass flow rates from 7.59 to 7.62 Mlbmihr
* Primary loop volumetric flow rate from 102,000 to 104,000 gpm, and
* Recirculation ratio from 3.2 to 3.5.

The result of the independent NRC thermal-hydraulic analysis indicated that differences in the actual
operation between units and/or individual steam generators had an insignificant impact on the results and
in fact, the team did not identify any changes in steam velocities or void fractions that could attribute to
the differences in tube wear between the units or steam generators.

4.5 SCE's Unit 2 Return to Service Report

On October 3, 2012, SCE submitted its CAL response and return to service report for Unit 2. On
November 30, 2012, SCE presented the results of its return to service report for Unit 2 to a NRC Panel,
Public and Media in a 3-hour presentation.
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4.6 Compensatory, Corrective, and Defense-in-Depth Actions

SCE claims that it has implemented compensatory and corrective actions that will prevent loss of integrity
due to TTW in Unit 2, including:
1. Limiting Unit 2 to 70% power prior to a mid-cycle SG inspection outage
2. Preventively plugging tubes in both SGs
3. Shutting down Unit 2 for a mid-cycle SG inspection outage within 150 cumulative days of operation at
or above 15% power

SCE has also implemented conservative DID measures to provide an increased safety margin in the
unlikely event of tube-to-tube degradation in the Unit 2 SGs during operation at 70% reactor power.
Additionally, SCE has provided enhanced plant monitoring capability to assist in evaluating the condition
of the SGs.

4.7 Operational Assessments

Upon discovery of TTW in Unit 3, SCE commissioned the services of industry experts to assist in
assessing the cause of this phenomenon. SCE selected experts based upon their previous experience in
design, evaluation, tube vibration, testing and causal determinations related to SGs. Members included
experts in T/H and SGPs from MPR Associates, AREVA, Babcock & Wilcox Canada, Palo Verde
Nuclear Generating Station, EPRI, Institute of Nuclear Power Operations (INPO), and MHI, as well as
experienced consultants including former NRC executives and a research scientist. A series of panel
meetings were conducted during which testing and analysis results were presented. The panel members
assessed whether the current work by SCE and its partners was sufficient in understanding the TTW
phenomenon and whether the corrective actions developed were sufficient to ensure tube integrity in the
future.

As required by the CAL, SCE has prepared an assessment of the Unit 2 SGs that addresses the causes
of TTW wear found in the Unit 3 SGs, prior to entry of Unit 2 into MODE 2.

Due to the significant levels of TTW found in Unit 3 SGs, SCE assessed the likelihood of additional TTW
in Unit 2 from several different perspectives, utilizing the experience and expertise of AREVA NP,
Westinghouse Electric Company, LLC (WEC), and Intertek/APTECH. Each of these companies routinely
prepare OAs to assess the safety of operation of SGs at U.S. nuclear power plants. These companies
developed independent OAs to evaluate the TTW found at SONGS and the compensatory and corrective
actions being implemented to address TTW in the Unit 2 SGs. These OAs apply different methodologies
to ensure a comprehensive and diverse evaluation. Each of these OAs concluded that the compensatory
and corrective actions implemented by SCE are sufficient to address tube wear issues so that the Unit 2
SGs will operate safely. The results of these analyses fulfill the TS requirement to demonstrate that SG
tube integrity will be maintained over the reduced operating cycle until the next SG inspection.

4.8 DAB Safety Team Investigations

4.8.1 - Observation No 1: Investigations by the DAB Safety Team after the leak in Unit 3 on January 31,
2012 revealed that the unprecedented tube-to-tube wear [TTW caused by fluid elastic instability (FEI)] in
Unit 3 RSGs was caused by operating the RSGs at higher reactor power and lower steam generator
pressure than the OSGs (the more reactor power, the more money for Edison). Poorly designed steam
generators such as SONGS RSGs without in-plane support protection or proper damping (a thin crucial
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water film on the surface of the super hot tubes, which acts as a shock absorber to reduce severe vibrations
and tube ruptures) and with narrow tube clearances experience severe vibrations at lower steam generator
pressures. High reactor thermal power also causes high steam flows, high fluid velocities and excessive
pressure drops through tube bundle regions with extremely low tube-to-tube clearances. This type of
steam generator operation in Unit 3 fulfilled Edison's desire to make more money, but caused the top of
the U-tube area to be almost dry (No damping- Crucial water film missing from super hot tubes) in some
regions of the U-tube bundle. Without liquid in the mixture, there is insufficient damping against
excessive tube rattling and/or severe in-plane vibrations (fluid elastic instability). Therefore, due to high
steam flows, high fluid velocities and excessive pressure drops (due to extremely low tube clearances),
severe fluid-elastic instability [localized steam dry-outs (void fraction >99.6%)] and flow-induced random
vibrations developed in Unit 3 RSGs. The tubes rattled or vibrated and hit other tubes causing violent
impact wear like being hit by a jackhammer. Unit 2 was operating at higher than normal reactor power,
but at higher steam pressures. This different steam generator operation damaged hundreds of tubes due to
flow-induced random vibrations but did not cause the U-tube bundle to dry out due to higher steam
pressures, therefore no fluid elastic instability developed in Unit 2.

4.8.2 - Observation No 2: Now Edison wants to restart Unit 2 with hundreds of damaged tubes at reduced
power by claiming that, "Reducing power to 70% eliminates the thermal hydraulic conditions that cause
FEI and associated [tube wear]." Then Edison contradicts itself by saying, "Limiting power to 70%
significantly reduces fluid velocity. The reduction in fluid velocity significantly reduces the potential for
FEI. Decreasing the void fraction in the upper bundle region during power operation increases damping
and reduces the potential for FEI." MHI in an official notice to NRC on October 5, 2012 stated, "The
plugging of the tubes that have the possibility of the fluid elastic instability and thermal power output
reductions were identified as potential corrective actions. SCE [Southern California Edison] will run Unit
2 at 70% power for a short duration as a corrective action. In addition, SCE and MHI will continue a
detailed analysis and investigation to this problem. Additional corrective actions may be required as the
analysis and investigation continues," which means the problems are not fully understood at this time.

4.8.3 - Observation No 3: SCE states that SONGS Unit 3 Damage (FEI) was caused due to outdated MHI
Thermal-Hydraulic Computer Models. According to NRC AIT Report, SONGS did not specify the value
of FEI in its Design and Performance Specifications S023-617-1. MHI states, "The major concern with
the large U-tube SGs is their propensity for tube wear in the tube bundle U-bend region. Consequently,
minimizing tube wear was given the first priority in the SONGS RSG specification, design and fabrication,
and the tube support design and fabrication was discussed by MHI and SCE in numerous design review
meetings. A SCE Engineer along with a MHI Technical Specialist claims in a joint paper published in an
International Magazine, "SONGS steam generators are one of the largest in the industry, which called for
innovative design solutions and improved fabrication processes when working on the RSGs. Conceivably,
the MHI and Edison project teams faced many tough challenges throughout the entire project in the design,
manufacturing and QC areas, when striving to meet the specification requirements. Both teams jointly
tackled all these challenges in an effective and timely manner. At the end, MHI delivered the RSGs, which
incorporated all the latest improvements found throughout the industry, as well as innovative solutions
specific to the SONGS RSGs. In Unit 2, the RSGs were installed and tested in 2009/10 and in Unit 3 in
2010/11. The RSG post-installation test results met or exceeded the test acceptance criteria for all
specified test parameters, thus properly rewarding the effort put into their fabrication." Academic
Researchers have discussed and warned about the adverse effects of fluid elastic instability (tube-to-tube
wear) in nuclear steam generators since 1970's. Westinghouse and Combustion Engineering (CE) have
designed CE engineering replacement steam generators (RSGs) to prevent the adverse effects of fluid
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elastic instability since 2000's (e.g., PVNGS). SCE and MHI are both negligent because they did a very
poor job of Industry and Academic Research benchmarking regarding adverse effects of fluid elastic
instability during the redesign of SONGS original CE SGs. SCE is negligent because they did not check
the results of MHI's outdated Thermal-Hydraulic Computer Models to meet their specification
requirements. This does not meet the NRC Chairman's Standards.

4.8.4 - Observation No 4: SONGS RCE States, "Visual inspection of the tube sheet primary side of the
SG 3E088, with the secondary side pressurized, identified the tube with the leak. Subsequent Eddy
Current Testing (ECT) inspection identified extensive unexpected tube free-span wear at the leakage
location, typically not seen in recirculating SGs, and tube-to-support wear. A full-length ECT inspection
of each tube (100%) in all four SGs using a bobbin coil probe was performed and provided a
comprehensive extent of condition evaluation for tube free-span and tube-to-support wear. The bobbin
coil probe inspection was supplemented by Rotating Coil (+Point) probe inspection, which provided
further confirmation of the extent of condition. This supplemental rotating probe examination covered the
U-bend portion of approximately 1300 tubes in each SG."

4.8.5 - Observation No 5: Bobbin probes are inadequate to detect circumferential cracking or to reliably
inspect the top-of-tubesheet (TTS) locations. However, detection and quantification of additional modes
of degradation such as pitting, inter-granular attack (IGA), axial cracking and circumferential cracking
require specialized probes. Additional inspections need to be carried out with the best available and
qualified technology for detection of crack-like flaws. This scope usually covers 100% hot leg TTS
inspection, 100% of dents or dings larger than a specified voltage threshold, 100% of tubes in tight radius
U-bends, typically rows 1 through 10, 20% cold leg TTS, cold leg periphery, 100% of sleeves (when
present). In addition, any unusual or new indications found are re-inspected to provide further information
that can help its disposition. These techniques can help resolve critical detection issues at susceptible areas,
such as the rolled-joint transitions at the tubesheet, U-bends and tube-support intersections.

4.8.6 - Observation No 6: SONGS Accident: About 9 months ago, on January 31, 2012, in SONGS Unit
3, one Steam generator tube started leaking radioactive coolant in one of brand new 580 million dollar
replacement steam generators (RSG's) reverse-engineered by SCE and manufactured by complacent
Mitsubishi Heavy Industries. Southern Californians were very lucky on January 31, 2012, because a
potentially serious nuclear accident in progress was stopped by an emergency shut down due to high
radiation alarms, which luckily happened to be maintained and in good working condition! Immediately
after the accident in Unit 3, Unit 2's refueling outage/shutdown was also extended pending completion of
Unit 3 Root Cause Evaluation. When tested later, in March 2012, eight (8) steam generator tubes (wear
range 72-100%, length of wear 23-34 inches) in the newly replaced San Onofre Unit 3 RSGs E-088 failed
"in-situ" pressure testing and therefore were plugged, after only after 11 months of operation. After that,
several hundreds of Alloy 690 Thermally Treated tubes were also plugged due to tube-to-tube wear.
SONGS RSG's now have more damaged and or plugged tubes than all the rest of the US reactor fleet
combined. (Thanks to San Onofre Safety.Org for the great chart).
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Table 1 - Unit 3 Steam Generator E088 Tube Wear and Pluging Summary

AVB TSP Retainer Foreign Tubes

SGSG Wear Wear TTW Bar Object with Wear Wear TubesU3E088

TWDepth Ind Ind Ind Ind Ind Ind Type/ SCE MHI Type/ Plugged

TW 2! 0 17 48 0 0 750% 0 117 48 o 0 Tube-Tube 161 161 Type 1 Wear 161

35-49% 3 217 116 2 0 119 AVB Wear 896 737 Type 1 P 164

20-34% 158 506 134 1 0 197 Type 2/3
TSP Wear 250 20 Wear 1

10- 19% 1380 542 98 0 0 554 Retainer Bar 3 3 Type 4 Wear 3

TW < 1818 55 11 0 0 817 Foreign
10% Object Type 4 P 91

Total 3357 13 0 919 TotalTotal 919 921 Plugged 420

Table 2 - Unit 3 Steam Generator E089 Tube Wear and Plugging Summary

AVB TSP Retainer Foreign Tubes

SGSG Wear Wear TTW Bar Object with Wear Wear Tubes3E089

Ind Ind Ind Ind Ind Ind Type/ SCE MHI Type/ Plugged
Depth

TW >
50% 0 91 26 o 0 60 Tube-Tube 165 165 Type 1iWear 165

35-49% 0 252 102 1 0 123 AVB Wear 871 714 Type 1 P 128

20-34% 48 487 215 0 0 175 Type 2/3

TSP Wear 214 15 Wear 0

10- 19% 940 590 72 0 0 450 Retainer Bar 1 1 Type 4 Wear 1

TW < 2184 94 1 0 0 838 Foreign
10% Object Type 4 P 93

Total 3149 1534 416 1 0 887 Total
Total 887 895 Plugged 387

In general, tubes exhibiting the free-span wear indications tended to exhibit tube support plate indications
with the highest depth measurements, typically with the deepest values at the seventh tube support plate
and trending down at successively lower support levels. Approximately- 170 tubes in each steam generator
exhibited indications at the tube support plates that exceeded the 35 percent plugging limit, with
maximum depths ranging to 70 percent. As you can see from Table 1 and 2 above, approximately 1800
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tubes in Unit 3 steam generators were found with wear indications. Only 800 tubes out of these were
plugged due to wear (Tube-to-Tube/AVB/TSPs). That means that there are 1000's of tubes in Unit 3
steam generators with wear indications that have not been plugged.

Table 3 - Unit 2 Steam Generator E088 Tube Wear and Plugging Summary

AVB TSP Retainer Foreign Tubes SG

"SGU2E088 Wear Wear TTW Bar Object with U2E088 Wear Tubes

TWth Ind Ind Ind Ind Ind Ind Wear SCE MHI Type/ PluggedDepth

TW>~TW 0 0 0 1 0 1
50% Tube-Tube 0 0 Type 1 Wear ND

35-49% 2 0 0 1 0 3 AVB Wear 595 595 Type 1 P 109

20-34% 86 0 0 0 2 74 Type 2/3

TSP Wear 180 137 Wear 4

10- 19% 705 108 0 0 0 406 Retainer Bar 2 2 Type 4 Wear 2

TW < 964 117 0 0 0 600 Foreign
10% Object 2 2 Type 4 P 92

Total 1757 225 0 0 2 734 T Total
Total 734 736 Plugged 207

MHI Tube Plugging Criteria: Tubes, which exhibit a potential for losing their integrity during the next
operating period due to progressive through-wall wear and/or susceptibility to FEI should be plugged. All
tubes with ECT tube-tube wear indications in the free span section should be plugged regardless of the
wear depth. Furthermore, tubes with wear indications at the AVB and TSP locations, which are similar to
those on the tubes with the wear indication in tlhe free span section, should be preventatively plugged.
Tubes with Tube-AVB/TSP wear equal to, or greater than, 35% should be plugged in accordance with
Technical Specifications. As you can see from Table 3 and 4 above, approximately - 1600 tubes in Unit 2
steam generators were found with wear indications. Only -500 tubes out of these were plugged due to
wear (Tube-to-Tube/AVB/TSPs). That means - 1080 tubes in Unit 2 steam generators with wear
indications have not been plugged.
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Table 4 - Unit 2 Steam Generator E089 Tube Wear and Plugging Summary

AVB TSP Retainer Foreign Tubes

SGSG Wear Wear TTW Bar Object with Wear Wear Tubes2E089

TWth Ind Ind Ind Ind Ind Ind Type/ SCE MHI Type/ PluggedDepth

TW Ž T : 0 0 0 1 0 1
50% Tube-Tube 2 2 Type I Wear 2

35-49% 0 0 0 1 0 1 AVB Wear 804 802 Type'l P 212

20-34% 78 1 0 3 0 67 Type 2/3

TSP Wear 119 53 Wear 0

10- 19% 1014 85 2 0 0 496 Retainer Bar 4 4 Type 4 Wear 4

TW < 1499 53 0 0 0 768 Foreign
10% Object 0 0 Type 4 P 90

Total 2591 139 2 5 0 861 TotalTotal 861 861 Plugged 308

4.8.7 - Observation No 7: Damage to SONGS Unit 3 RSG's: The DAB Safety Team Analysis
conclusions regarding mechanistic causes of tube wear in Unit 3 RSGs is fluid elastic instability, which
can be attributed to a combination of (Adverse-Thermal Hydraulic Conditions, Design and Manufacturing
Deficiencies) are as follows:

* Tube-to Tube wear fluid elastic instability in the tube bundle U-bend region was caused by a
combination of the operating thermal-hydraulic conditions [low steam generator pressures of 833 psi,
high reactor thermal power of 1739 MWt (0.5% error) per/RSG, high interstitial fluid velocities of 28
feet/sec. and high void fractions -99.6%), narrow tube pitch to tube diameter (p/d) ratio or narrow tube
clearances (0.050 inches versus 0.25 inches design) and the consequential inactive AVB support
conditions in the in-plane direction (Operating or Manufacturing deficiency). In general, larger
thermal power is more severe for vibration, because the steam flow rate increases. At constant thermal
power, lower steam pressures are more severe for vibration than higher pressure, because pU2
increases - (the lower p causes the higher U). MHI postulated that a "zero" gap in the hot condition
does not necessarily ensure that the support is active and that contact force between the tube and the
AVB is required for the support to be considered active. The most likely cause of the observed tube-
to-tube wear is multiple consecutive AVB supports becoming inactive during operation. This is
attributed to redistribution of the tube-to-AVB-gaps under the fluid hydrodynamic pressure exerted on
the tubes during operation. This phenomenon is called by MHI, "tube bundle flowering" and is
postulated to result in a spreading of the tube U-bends in the out-of-plane direction to varying degrees
based on their location in the tube bundle (the hydrodynamic pressure varies within the U bend). This
tube U-bend spreading causes an increase of the tube-to-AVB gap sizes and decrease of tube-to-AVB
contactforces rendering the AVB supports inactive and potentially significantly contributing to tube
FEI. AREVA states, "At 100% power, the thermal-hydraulic conditions in the U-bend region of the
SONGS replacement steam generators exceed the past successful operational envelope for U-bend
nuclear steam generators based on presently available data." The DAB Safety Team concludes that
SONGS Unit 3 RSG were operating outside SONGS Technical Specification Limits for Reactor
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Thermal Power and Current Licensing Basis for Design Basis Accident Conditions. The DAB Safety
Team further agrees with MHI that high steam flows and cross-flow velocities combined with narrow
tube pitch-to-diameter ratio caused elastic deformation of the U-tube bundle from the beginning of the
Unit 3 cycle, which initiated the process of tube-to-AVB wear and insufficient contact forces between
tubes and AVBs. Tube bundle distortion is considered a major contributing cause to the mechanism of
tube-to-tube/AVB/TSP wear seen in the Unit 3 SGs. After 11 months of wear, contact forces were
virtually eliminated between the tube and AVBs in the areas of highest area of Unit 3 wear as
confirmed by ECT and visual inspections.

* The concluded mechanistic cause of the Tube-to-AVB and Tube-to-TSP wear is random vibration of
the tubes.
o The Tube-to-AVB wear was caused by the violent tube in-plane and out-of plane random

vibrations motion due to high void fractions, high axial and cross-flow velocities, excessive
hydrodynamic pressures, elastic deformation of the U-Tube Bundle, narrow tube pitch to tube
diameter (p/d) ratio and taller than normal tube-bundle.

o The Tube-to-TSP wear was caused by narrow tube pitch to tube diameter (p/d) ratio and high
velocity flow across the straight leg sections of the tubes.

4.8.8 - Observation No 8: Damage to SONGS Unit 2 RSGS: The DAB Safety Team Analysis shows that:
(1) Compared with Unit 3, lower secondary side mass flow and reactor thermal power 1729 MWt (0.5%
error) per/RSG at 100% power produced higher than normal fluid velocities in the tube bundle region and
straight portion of the tube-leg sections in Unit 2 where the Tube-AVB/TSP wear was observed, (2)
Secondary side higher pressure (863 -942 psi) at 100% power produced lower void fractions (< 98.5) in the
Unit 2 tube bundle region where no tube-tube wear was observed. Higher (98.5%) than typical (96%)
void fraction in Unit 2 is a result of a very large (tall) and tightly packed tube bundle, particularly in the
U-bend, with high heat flux in the hot leg side.

4.8.9 - Observation No 9: NRC: At the June 18, 2012 AIT presentation, the NRC said, "Throughout the
US nuclear industry, this is the first time more than one steam generator tube failed pressure testing....
Eight tubes failed. The pressure testing identified that the strength of eight tubes was not adequate and
structural integrity might not be maintained during an accident... this is a serious safety issue." According
to NRC AIT Report, "The eight tubes "failed" prior to reaching 5300 psi. NRC states, "Failure in this
context means that leakage occurred in excess of the 4.5 gallons per minute pump capacity during the test,
and test pressure could not be maintained." The DAB Safety Team: In reality, this leakage @ > 0.5
gallons per minute of eight tubes in the case of full blown eight tube ruptures due to a Main Steam Line
Break would have been approximately 4800 gallons per minute, which is consistent with the industry tube
rupture experience.

4.8.10 - Observation No 10: The design distance between tubes on the sides at the intersection with the
top TSP should be 0.250 inch plus or minus the small broached hole tolerance. The Nominal Gap between
tube and AVB in SONGS RSGs built by Mitsubishi is 0.002", while in Fort Calhoun RSGs (another US
plant built by Mitsubishi) the Nominal Gap is 0.0031 ". The tube diameter (d) and pitch (P) Tube Index
(P/d) in SONGS RSGs built by Mitsubishi is 1.33-1.433, whereas tube diameter (d) and pitch (P) Tube
Index (P/d) in Arkansas Nuclear One Unit 2 RSGs built byWestinghouse is 1.518-1.672. The in-plane
tube spacing at Apex in SONGS RSG is (0.298, 0.344, 0.400 inch) whereas at another plant, it is (0.442,
0.502, 0.562 inches). These other RSGs have experienced insignificant TTW. According to Westinghouse,
the actual distance may be between 0.040 and 0.120 inch (1-3 mm). According to AREVA, "The nominal
distance between extrados and intrados locations of neighboring U-bends in the same plane ranges from
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0.25 inches to 0.325 inches due to the tube indexing. There are instances where the closest approach
distance is less than this value, based on field measurements using bobbin coil ECT. The bobbin probe on
the 140 kHz absolute channel can detect neighboring U-bends if the separation distance is less than
approximately 0.15 .inches. Using a proximity signal calibration curve, the separation distance between U-
bends was measured for all steam generators. The smallest detected U-bend separation distance is close to
contact. There are 36 U-bends in Unit 2 SG E-088 and 34 in SG E-089 with a separation less than or equal
to 0.050 inches. The separation of the U-bends in Unit 2 with TTW is 0.190 inches as measured by UT.
The U-bends with the smaller separation distances are much better candidates for wear by rubbing yet do
not exhibit TTW. In Unit 3, TTW via in-plane fluid-elastic instability is incontrovertible." In summary,
SONGS RSG's narrow tube pitch to tube diameter ratio (P/D) is a major contributor to Fluid elastic
instability experienced by SONGS Unit 3 RSGS.

5.8.7 - Observation No 12: The DAB safety team concludes there are between 2000 and 2200 tubes in
Unit 2 steam generators between 10-34% Tube-to-AVB/TSP with wear indications that have not been
plugged. The smallest detected U-bend separation distance is close to contact (zero). There are 36 U-bends
in Unit 2 SG E-088 and 34 in SG E-089 with a separation less than or equal to 0.050 inches. The
separation of the U-bends in Unit 2 with TTW is 0.190 inches as measured by UT. Note: The U-bends
with the smaller separation distances are much better candidates for wear by rubbing yet do not exhibit
TTW.

4.8.11 - Observation No 11: The LAW: Regulatory Framework for Ensuring Steam Generator Tube
Integrity: Title 10 of the Code of Federal Regulations (10 CFR), "Energy," establishes the fundamental
regulatory requirements for the integrity of the SG tubes. Specifically, the general design criteria (GDC) in
Appendix A, "General Design Criteria for Nuclear Power Plants," to 10 CFR Part 50, "Domestic
Licensing of Production and Utilization Facilities," state that the RCPB: (a) shall have "an extremely low
probability of abnormal leakage.. .and gross rupture' (GDC 14, "Reactor Coolant Pressure Boundary)",
(b) shall be designed with sufficient margin' (GDCs 15, "Reactor Coolant System Design," and 31,
"Fracture Prevention of Reactor Coolant Pressure Boundary)", (c) shall be of "the highest quality
standards practical' (GDC 30, "Quality of Reactor Coolant Pressure Boundary), and (d) shall be designed
to permit "periodic inspection and testing.. .to assess ...structural and leak-tight integrity" (GDC 32,
"Inspection of Reactor Coolant Pressure Boundary"). To this end, 10 CFR 50.55a, "Codes and Standards,"
specifies that components that are part of the RCPB must meet the requirements for Class 1 components in
Section III .of the American Society of Mechanical Engineers Boiler and Pressure Vessel Code (ASME
Code).1938 In 10 CFR 50.55a, the NRC further requires that, throughout the service life of a PWR facility,
ASME Code Class 1 components meet the requirements (except for the design and access provisions and
preservice examination requirements) in Section XI, "Rules for Inservice Inspection [ISI] of Nuclear
Power Plant Components," of the ASME Code, to the extent practical. This requirement includes the
inspection and repair criteria of Section XI of the ASME Code. Section XI requirements pertaining to ISI
of SG tubing are augmented by additional requirements in the plant technical specifications (TS). As part
of the plant-licensing basis, applicants for PWR licenses are required to analyze the consequences of
postulated DBAs, such as an SG tube rupture (SGTR) and MSLB. These analyses consider primary-to-
secondary leakage that may occur during these events and must show that the offsite radiological
consequences do not exceed the applicable limits of 10 CFR 50.67, "Accident Source Term," or
i 0 CFR Part 100, "Reactor Site Criteria," for offsite doses, GDC 19, "Control Room," criteria for control
room operator doses (or some fraction thereof as appropriate to the accident), or the NRC-approved
licensing basis (e.g., a small fraction of these limits). Operating experience has proven that SG tubing is
subject to a variety of mechanically and corrosion-induced degradation mechanisms that may impair the
structural and leakage integrity of the SG tubing. The licensee's plant TS require the implementation of
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SG tube surveillance programs to ensure that tubes are repaired, or removed from service by plugging the
tube ends, before the structural or leakage integrity of the tubes is impaired. The TS include a generally
applicable depth-based tube repair limit, typically 40 percent of the nominal tube wall thickness; beyond
which the tubes must be repaired or plugged. This depth-based tube repair limit is intended to ensure that
tubes accepted for continued service will not leak and will retain safety factors against burst consistent
with the design basis (i.e., the stress limits in the ASME Code, Section 1111938) with allowance for flaw
depth measurement uncertainty and for incremental flaw growth before the next scheduled inspection. The
plant TS also include a limit on operational primary-to-secondary leakage, typically 150 gallons per day,
beyond which the plant must be promptly shutdown.

4.8.12 - Observation No 12: The DAB Safety Team: The discovery of not one but eight RSG's tube
failures now not only means that SCE was operating beyond their Current License Basis (CLB), (which
they have yet to be penalized for by the NRC as required by law), but also offers real proof, for the very
first time, that had a MSLB accident happened, at least eight RSG tubes would have leaked/ruptured and
thereby could very well have caused the SONGS reactor Unit 3 to Meltdown, due to loss of radioactive
core coolant, an event which has not ever before been computer modeled by the NRC!

4.8.13 - Question No 1: Why has SCE in their rush to Restart Unit 2, not inspected thousands of Unit 2
Steam Generator tubes with T/R single-pass array probes, laser-scanned penetrant inspection and
ultrasonic detection technologies to accurately determine the depth, extent and location of these internal
cracks at the U-bends and tube-support intersections and the clearances between these tubes, nor have they
made use of the world's best remote video-inspection technology (which is not available in-house to,
AREVA, Edison and MHI choosing instead to not use this technology, in order to cut their costs and save
time by not doing a thorough inspection of all the damage to the RSG tube bundle, the AVB structure and
tube support plates using the most accurate remote visual and mechanical inspection techniques.

4.8.14 - Answer to Question No 1: These inspections along with the detailed manufacturer's drawings
should have been conducted to accurately determine the gaps between Tubes/AVB and TSP of the entire
degraded Unit 2 RSG's to identify regions with narrow tube pitch to diameter ratio, low tube clearances
and potential steam dry-out areas, nor do these RSG's as designed by SCE's in-house designers, have any
in-plane protection. As you can see from the table 3-2 provided below, Westinghouse is projecting the
wear of 2 active tubes in SG 2E089 from 28% to be -3 1% by the end of 5 months assuming everything
goes as planned, without any transients or MSLB. In light of SONGS Unit 3 Operating experience, and to
adequately protect the Public Health & Safety from a potential nuclear accident, the projection of this
number based on empirical formulas and data derived from other plants/tests is highly questionable and
does not meet the intent of Deterministic Analysis. Furthermore, this number -3 1% is too close to the
NRC's plugging limit of 35% and that, together with the 2 degraded tubes present a formidable challenge
to the Safe Restart of Unit 2 by making it highly vulnerable to localized steam dry-outs, 100% void
fractions, fluid elastic instability, flow-induced random vibrations and cascading tube ruptures during
unanticipated operational occurrences and or Main Steam Line Breaks, because these 2 active tubes and
all their neighboring tubes should be plugged, using the MHI Screening Criteria, which would exceed the
NRC total plugging limitation and RIGHTFULLY PREVENT ANY RESTART of Unit 2! SCE is trying
to Restart Unit 2's Degraded RSG's, which are outside the NORM of the NRC Regulations, which include
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a limit on operational primary-to-secondary leakage, typically 150 gallons per day, beyond which the

plant must be promptly shutdown.

Result: By not doing these inspections of all RSG tubes, nor plugging these additional 2 questionable
tubes along with hundreds of their surrounding tubes as a preventive, SCE has failed BOTH the public's
trust and the performance criteria as specified in Appendix A, "General Design Criteria for Nuclear Power
Plants," (GDC 14, 15, 30 and 32) to 10 CFR Part 50, which establishes the fundamental regulatory
requirements for the integrity of their RSG tubes.

Table 3-2. Westinghouse Wear Projection Results for Active Tubes with Limiting AVB Wear Indication

Maxium Wear Depth % Maximum Depth @70% Power After 6 Months

Tube SG Tube ECT Expected FASTVIB No Sequence Without With

No Status Reported Value Case AVB Uncertainty Uncertainty

R97C87 88 Active 25 27.4 38 4 27.4 27.4

R119C89 89 Active 28 30.3 46 5 31.2 31.5

R121C91 89 Active 28 30.3 37 4 31 31.2

R131C91 89 Active 21 23.S 17 2 23.5 23.5

R129C93 89 Active 21 23.5 17 2 23.5 23.5

R126C90 89 Active 21 23.5 45 5 24 24.2

4.8.15 - Observation No 13: In a rush to design replacement steam generators (RSGs), Edison and
MHI Engineers never "Actually" performed adequate industry benchmarking and review of
academic literature (see examples below) on how to prevent the adverse effects of FEI in RSGs.
Now SCE says, "But at San Onofre, a new type of vibration that nuclear operators hadn't seen before
caused the worst wear. In the Unit 3 generators at San Onofre, the tubes experienced "in-plane
vibration," meaning the tubes vibrated back and forth against their fellow tubes in their column,
rather than tubes in adjacent columns, something (FEI) scientists had never seen in a nuclear plant
steam generator." NRC AIT Report states, "SCE Design Specification S023-617-1 did not address
specific criteria for stability ratio and does not mention fluid-elastic instability. The smaller that the
design stability ratio is (has to be less than 1), the more margin to fluid-elastic instability." NRC
(Bulletin 88-02), Scientists and Researchers (e.g., Pettigrew, Weaver, Schneider, M. K. Au-Yang, Ivan
Catton, Pierangelo, Adinolfi, Omar Alquaddoomi, Janzen, Hagburg, Viollette, etc.) have known about
FEI since 1980's and Westinghouse/Combustion Engineering have designed RSGs (e.g., Palo Verde,
South Texas, Sequoyah, etc.) to prevent FEI and steam dry-outs since early 2000's.

4.8.16 - Observation No 14: Based on review and observation of Plant Operators and SONGS
Emergency Response Organization Performance for the last 6 years, and former retired NRC nuclear
engineer Dr. Johan Hopenfeld's published concerns, DAB Safety Team Expert Panel concludes that
Operator Action is not feasible to stop a major nuclear accident in Unit 2 in progress in the first 15
minutes of a MSLB, stuck open SG safety valve, Earthquake, Steam Generator Tube Ruptures and other
anticipated operational transients during the 5-month trial period, because:
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SONGS poor Operating and Emergency Preparedness history gives a clear indication that by claiming
reliance on timely operator action to save the public from the effects of a potential Fukushima type
SONGS 2 nuclear accident is a well orchestrated and intentional SCE move designed to make profits and
to fool/hurt the public.

" The operator action will not work due to the short duration of the initial and devastating event, the
radiation/steam environment, communication errors between the control room and field operators due
to sonic booms and hissing steam noises (sound-powered phones, pagers, cell phones and radio's will
not work in such an environment), darkness, difficult terrain and other unknown equipment
failures/troubles [e.g. San Onofre's auxiliary feed-water steam supply piping, which would provide
water to the steam generators, if their main supply was lost is vulnerable to a big flood; A big fire in
auxiliary feed-water pump room would knock 2 out of three pump's electrical circuits, etc.], and other
contingencies.

" During a partial walk down of the Unit 2 high pressure safety injection system in August 2011, NRC
inspectors found a drain valve partially open, when it was required to be closed. "Operations personnel
failed to implement instructions for filling, venting, draining, startup, shutdown, and changing modes
of operation for emergency core cooling systems as written," the NRC said. "seismic class I valves
continue to be mispositioned, safety-related plant systems may be unable to accomplish their safety
functions after an accident".

* One of the well-known SONGS Shift Managers told the SCE Management that he was not going to
put his "License on the line" by operating a "Defective Unit." Several other shift managers have
retired than to work for the SCE Profit-Motivated and Retaliating Management.

* The Operator Union has warned the SCE Management that with the proposed operator reductions, it
will not be safe to restart Unit 2.

4.8.17 - Observation No 15: The Operational Assessments reports prepared by AREVA, and
Westinghouse "conflict and contradict" with MHI's Technical Report and Press Statements, on the causes
and extent of degradation pertaining to the SONGS Unit 2 Steam Generator Replacement Generators. The
DAB Safety Team Expert Panel and SONGS Concerned Insiders preliminary opinion are that these
reports are not comprehensive and fail to arrive at a concise and clear conclusion, because:
* SCE Engineers have either not provided, or they are withholding all the information to these parties

because of "The consequences of being Wrong, Terminated or Fired",
* Due to competing and proprietary interests between the three NEI qualified, "US Nuclear Plant

Designers", these reports have not been openly and candidly discussed,
* Time/Pressure exerted by SCE on these parties to prepare Operational Assessments in order to rush to

Restart Unit 2 have led to incomplete conclusions,
" Since nobody really knows, what really happened, all the Parties have a shared interest to "Operate

Unit 2 at reduced power as a "Test Lab to conduct Nuclear Experiments "to determine, "What really
went wrong with unit 3, so SCE can determine the Root Cause, corrective actions, repair and test plans
to return both units 2 and 3 to full power operations."

4.8.18 - Observation No 16: The Operational Assessments reports prepared by AREVA, and
Westinghouse "conflict and contradict" with MHI's Technical Report and Press Statements, on the causes
and extent of degradation pertaining to the SONGS Unit 2 Steam Generator Replacement Generators.
Some examples of the conflicting and contradicting statements are listed below:

Independent Expert 1 states, "U-tube out-of-plane direction is more susceptible to flow-induced
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excitation than the in-plane direction due to lower U-bend natural frequency in the out-of-plane
direction. U-tube FEI in the in-plane direction has never been observed in the U-tube SGs before its
occurrence in the SONGS SGs. However, recent academic studies report (2005) that FEI may also
occur in the in-plane direction, if tube motion in the in-plane direction is possible (no tube in-plane
supports or low tube contact forces with the out-of-plane supports)."

0 Independent Expert 2 states, "Out-of-plane fluid-elastic instability has been observed in nuclear steam
generators in the past and has led to tube bursts at normal operating conditions. However, the
observation of in-plane fluid-elastic instability in steam generators in a nuclear power plant is a true
paradigm shift."

The DAB Safety Team's Comment to items 1 & 2: FEI in the in-plane direction has been identified as
early as 1983 by Academic Scholars and Palo Verde Replacement Steam Generator manufactured in the
early 2000s are designed for FEI. Weaver and Schneider in 1983 examined the flow induced response of
heat exchanger U-tubes with flat bar supports. It is worth quoting the first conclusion of their paper: "The
effect of flat bar supports with small clearance is to act as apparent nodal points for flow-induced tube
response. They not only prevented the out-of-plane mode as expected but also the in-plane modes. No in-
plane instabilities were observed, even when the flow velocity was increased to three times that expected
to cause instability in the apparently unsupported first in-plane mode."

" Independent Expert 1 states, "ECT-based AVB locations are compared with design-based locations. It
is evaluated that AVB insertion depth in actual SG is not changed compared with the design-based
location. There is some Pattern-I wear identified by visual inspection, for which Bobbin ECT was not
able to detect as this type of wear."

* Independent Expert 2 states, "It should be noted that because of field spread effects the bobbin probe
typically overestimates wear scar lengths." Even though no evidence of elongated wear scars is
evident in Unit 2, it doesn't necessarily rule out undetected in-plane instability. Wear scars at AVB
locations may be too shallow to evaluate properly and AVB wear scar lengths may be shortened by a
contact length that is small because of the presence of AVB twist. The best evidence of in-plane
instability is the detection of TTW, not the detection of elongated AVB wear scars. Extensive
inspections of the regions of interest with the +PtTM probe show that possible undetected TTW would
be less than 5 %TW. It is unreasonable to expect detectable elongation of AVB wear scars without the
detection of TTW. The significance of elongated AVB wear scars is that the amount of elongation
reveals the extent of unstable tube motion in-plane.

" Independent Expert 3 states that "he does not have access to the assembly procedures. The 0.12 to 0.14
dimensions are anecdotal (based on personal observation, case study reports, or random investigations
rather than systematic scientific evaluation) without verification."

4.9 Highlights of AREVA Operational Assessment

At 100% power, the thermal-hydraulic conditions in the U-bend region of the SONGS replacement steam
generators exceeded the past successful operational envelope for U-bend nuclear steam generators based
on presently available data. The primary source of tube-to-AVB contact forces is the restraint provided by
the retaining bars and bridges, reacting against the component dimensional dispersion of the tubes and
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AVBs. Contact forces are available for both cold and hot conditions. Contact forces significantly increase
at normal operating temperature and pressure due to diametric expansion of the tubes and thermal growth
of the AVBs. After fluid elastic instability develops, the amplitude of in-plane motion continuously
increases and the forces needed to prevent in-plane motion at any given AVB location become relatively
large. Hence shortly after instability occurs, U-bends begin to swing in Mode 1 and overcome hindrance at
any AVB locations.

4.10 Highlights of Westinghouse Operational Assessment

An evaluation of the tube-to-tube wear reported in two tubes in SG 2E089 showed that, most likely, the
wear did not result from in-plane vibration of the tubes since all available eddy current data clearly
support the analytical results that in-plane vibration could not have occurred in these tubes. There is
evidence of proximity in these tubes from pre-service inspection results. The tube-to-tube wear in the U-
bend free span reported in two tubes in Unit 2 is determined to be the result of a different mechanism than
the tube-to-tube wear reported in the Unit 3 RSGs. Hence, the tube-to- tube wear is most likely a result of
out-of-plane vibration of the two tubes in close proximity to the level of contact during operation.

Test data shows that the onset of IP vibration requires much higher velocities than the onset of OP fluid
elastic excitation. Hence, a tube that may vibrate IP would definitely be unstable OP. A small AVB gap
that would be considered active in the OP mode would also be active in the IP mode because the small gap
will prevent significant in-plane motion due to lack of clearance (gap) for the combined OP and IP
motions. Thus, a contact force is not required to prevent significant IP motion.

There are several potential manufacturing considerations associated with review of the design drawings
based on Westinghouse experience. The first two are related to increased proximity potential that is likely
associated with the ECT evidence for proximity. Two others are associated with the AVB configuration
and the additional orthogonal support structure that can interact with the first two during manufacturing.
Another relates to AVB fabrication tolerances. These potential issues include:
1. The smaller nominal in-plane spacing between large radius U-bend tubes than comparable
Westinghouse experience.
2. The much larger relative shrinkage of two sides (cold leg and hot leg) of each tube that can occur within
the tubesheet drilling tolerances. Differences in axial shrinkage of tube legs can change the shape of the
U-bends and reduce in-plane clearances between tubes from what was installed prior to hydraulic
expansion.
3. The potential for the ends of the lateral sets of AVBs (designated as side narrow and side wide on the
Design Anti-Vibration Bar Assembly Drawing (LU-04FU 116, Rev. 2) that are attached to the AVB
support structure on the sides of the tube bundle to become displaced from their intended positions during
lower shell assembly rotation.
4. The potential for the 13 orthogonal bridge structure segments that are welded to the ends of AVB end
cap extensions to produce reactions inside the bundle due to weld shrinkage and added weight during
bundle rotation.
5. Control of AVB fabrication tolerances sufficient to avoid undesirable interactions within the bundle. If
AVBs are not flat with no twist in the unrestrained state they can tend to spread tube columns and
introduce unexpected gaps greater than nominal inside the bundle away from the fixed weld spacing.

The weight of the additional support structure after installation could accentuate any of the above potential
issues. There is insufficient evidence to conclude that any of the listed potential issues are directly
responsible for the unexpected tube wear, but these issues could all lead to unexpected tube/AVB fit-up
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conditions that would support the amplitude limited fluid elastic vibration mechanism. None were
extensively treated in the SCE root cause evaluation.

REPLACEMENT STEAM GENERATORS BACKGROUND

San Onofre's 680 million dollar replacement steam generators that were designed to last for 40 years failed
in less than 22 months (Unit 2) and 11 months (Unit 3) of operation. This is a classic tale of a profit-
motivated and negligent nuclear power plant utility, an aggressive and inexperienced manufacturer, and its
regulator (NRC Region IV) sleeping at the wheel by failing to provide the necessary checks and balances
to insure public safety.

Steam generator tubes and their support structures need to be extremely carefully designed and
manufactured within the allowed design tolerances. These tubes perform a very important safety function
because they are the main barrier that prevents the loss of highly radioactive reactor coolant into the
environment during a main steam line break or other abnormal operational and unanticipated transient
conditions. Therefore, the designers and manufacturers have to ensure that these tubes, which are about
the diameter of a penny and thinner than a dime, don't excessively rattle, vibrate or hit other tubes with
violent impacts causing them to fail due to tube-to-tube wear during normal power operation, main steam
line breaks or other abnormal operational conditions.

After two decades of operation of the original SONGS steam generators (OSGs), it became evident to
Edison Engineers that the steam generator tubes, made predominantly of Alloy 600, were susceptible to
primary water stress corrosion cracking (PWSSC). This corrosion mechanism resulted in tube degradation
necessitating plugging large numbers of tubes after each inspection of the tubing. In addition, the SONGS
OSG design had shown to be susceptible to tube through-wall wear and severe corrosion of the tube
supports. It became evident that the OSGs would have to be replaced much sooner than stipulated by their
design service life. Continuing to operate with highly degraded steam generators involved substantial
economic losses from forced outages and extended refueling outages, as well as the direct costs of
inspections and repairs.

The financial considerations and mounting losses prompted Edison to make a rash decision (despite
objection by San Diego Gas & Electric) to replace the SONGS OSGs in both Units as soon as possible.
The contract for fabrication and delivery of the replacement steam generators (RSGs) was awarded to
Mitsubishi Heavy Industries Ltd. (MHI). As designed and specified by Edison, the RSGs were supposed
to be a replacement in-kind for the OSGs in terms of form, fit and function. At the same time, however,
the RSG specification included many new requirements derived from both industry and SONGS operating
experience, and the-requirement to use the best and most suitable materials of construction. These
requirements were aimed at improving the RSG longevity, reliability, performance and maintainability.
Also, the Edison design specifications called for very tight fabrication tolerances of the components and
sub-assemblies, especially the tube-sheet and the tube U-bend support structure. In addition, SONGS
steam generators are among the largest in the industry, which called for innovative design solutions and
improved fabrication processes when working on the RSGs.

Rather than simply rebuild the steam generators to their original design specifications, Edison decided to
extensively modify the original San Onofre's steam generator design to produce more heat than the
"Industry NORM", thereby, to produce more electricity and make more money for Edison. None of the
design modifications, except the change of tube alloy material, were necessary for operation of either San
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Onofre's Units 2 or 3. These numerous and untested changes were made by Edison without adequate
consideration of their impact upon the reliability and safety of the RSGs and their reactors (See DAB
Safety Team Paper: Big Attachment Notes). SONGS RSGs were designed by SCE with very close
spacing between the tubes and hundreds of additional tubes to generate more heat compared with the
original steam generators in a "hush-hush" manner without the formal NRC Approvals and Public
Hearings as required by Federal laws. Furthermore the design and manufacturing were done without the
use of "critical questioning and investigative attitude", "solid teamwork & alignment" and "prudent
industry and academic research benchmarking." The entire process was performed in a rush without
proper consideration for adequately protecting the health and safety of the public from a potential nuclear
accident.

J

Southern Californians have witnessed the results of poor Human Performance and Operator Errors in
Fukushima, Chernobyl, Three Mile Island, Browns Ferry, Mihama 2 & 3, SONGS 2 & 3 and numerous
other nuclear incidents in United States in last 30 years.
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INDEX WITH QUESTIONS AND SUMMARIES

The above incidents raises very serious questions about what led to such massive amounts of damage in
these brand new RSGs only after 11 (Unit 3 RSGs) and after 22' months (Unit 2 RSGs) of operation
respectively. DAB Safety Team will try to answer these in a series of questions and reports.

Part 1 - Page 32, Question 1: What did the designer (Edison) and manufacturer (MHI) proudly proclaim
to the public about these "Innovative Replacement Steam Generators"?

" Pete Dietrich, SONGS Chief Nuclear Officer said in Jan 10 2012, "The plant's largest components
- steam generators - are just two years old and represent the safest, most efficient 21st century
machinery Source: Market Watch."

" Ei Kadokami, the deputy manager of Mitsubishi Heavy Industries - "Tube P/D (pitch/outer diameter)
is narrower - Alloy 690 is used for almost all steam generators and has high resistance against
corrosion, but some steam generators fabricated by other manufacturers have wear caused by tube
vibration in the U bend region. No tube wear has been experienced in recent MHI steam generators
because not only AVB and TSP are designed to have enough margin against fretting wear but also the
manufacturing procedure is appropriate to control gaps between the tube and AVB. "

" Boguslaw J. Olech (Retired from Southern California Edison) - "MHI and Edison project teams faced
many tough challenges throughout the entire project in the design, manufacturing and QC areas, when
striving to meet the specification requirements. Both teams jointly tackled all these challenges in an
effective and timely manner. At the end, MHI delivered the RSGs, which incorporated all the latest
improvements found throughout the industry, as well as innovative solutions specific to the SONGS
RSGs. In Unit 2, the RSGs were installed and tested in 2009/10 and in Unit 3 in 2010/11. The RSG
post-installation test results met or exceeded the test acceptance criteria for all specified test
parameters, thus properly rewarding the effort put into their fabrication."

Part 2 - Page 34, Question 2: What did International Nuclear Consultant Arnie Gundersen of Fairewinds
Associates said about the designer (Edison) and manufacturer (MHI) of these "Innovative Replacement
Steam Generators" in a series of reports after the SONGS Unit 3 Nuclear Accident?

" That Edison and Mitsubishi made a very significant design change that magnified the San Onofre
steam generator stresses and vibrations by removing the main structural pillar called the stay cylinder
in order to fit an additional 400 tubes into the unique and already tightly packed design. Furthermore,
this design is also bigger than anything Mitsubishi Heavy Industries (MHI) had ever fabricated or
designed. The NRC license amendment review process would likely have identified these and other
problems.

* With the Mitsubishi design the top of the U-tubes are almost dry in some regions. Without liquid in the
mixture, there is no damping against vibration, and therefore a severe fluid-elastic instability
developed.

" Using NRC publicly available data, Fairewinds compared the replacement steam generator plugging at
both San Onofre Units 2 and 3 to the replacement steam generator plugging history for all other
replacement steam generators at US nuclear power plants. Fairewinds concludes that San Onofre's has
plugged 3.7 times as many steam generator tubes than the combined total of the entire number of
plugged replacement steam generator tubes at all the other nuclear power plants in the US. ED Using
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Edison's San Onofre Condition Report as a basis, Fairewinds also compared the damage and failure
modes at San Onofre Unit 2 to Unit 3 and concludes that there is no difference in the failure modes
between the two units and that both should remain shut down until extensive modifications or
fabrication of replacement generators are completed.

Part 3 - Page 38, Question 3: What did Professor Daniel Hirsch and International Nuclear Consultant
Dale Bridenbaugh say about the damaged replacement steam generators in a series of reports after the
SONGS Unit 3 Nuclear Accident?

* Professor Dan Hirsch concluded "Restarting either San Onofre reactor with crippled steam
generators that have not been repaired or replaced would be a questionable undertaking at best."

* Dale Bridenbaugh, a retired nuclear engineer who resigned from General Electric in the 1970s over
reactor design flaws that subsequently contributed to the 2011 Fukushima Daiichi disaster. "In spite of
Edison's attempt to assert a different level of risk between Units 2 and 3, it seems clear that similar
design and failure challenges are present in both units and that future operation of either unit has not
been technically justified. It is my opinion that measures necessary for the future safe operation of
either of these units have not been adequately put forth at this time, and that operation with or without
reduced power of Unit 2 should not be authorized," Bridenbaugh concludes.

Part 4 - Page 40, Question 4: What did Union of Concerned Scientists (UCS) David Lochbaum, Director,
Nuclear Safety Project said about the damaged replacement steam generators?

Unit 2 replacement steam generator 2SG89 has significantly more wear indications per number of
supports than does [Unit 2] replacement steam generator 2SG88. Until the reason for this marked
difference between the wear degradation for the Unit 2 replacement steam generators is understood,
the operational assessment performed for future operation is suspect.

*. Attachment 6 to Enclosure 2 has proprietary information redacted. Section 1.4 of Enclosure 2 states
that the owner used AREVA, Westinghouse Electric Company LLC, and Intertie/APTECH to review
the operational assessment. At least one of these companies manufactures replacement steam
generators and would therefore be a competitor to Mitsubishi Heavy Industries (MHI), which made the
replacement steam generators for San Onofre. If the owner did not withhold the proprietary
information from MHI's competitors, why withhold it at all? If SCE did withhold the proprietary
information from these reviewers, what is the value of their independent, but limited, review?

Part 5 - Page 41, Question 5: What did Ace Hoffman, a DAB Safety Team spokesperson says about the
damaged replacement steam generators?

" There can be little doubt now that MHI has been delivering products with criminally-negligent
workmanship, and San Onofre has been accepting those parts and using them.

" One meltdown at SanO -- or two -- would destroy everything we love about SoCal. Why spend
billions of dollars just to restart THAT risk? Right now we just have the spent fuel to deal with -- the
radioactive waste pile. It's deadly, difficult to manage, and will cost a fortune. But at least it's NOT
GROWING at the moment, and that's good. In fact, slowly but surely, it's cooling and becoming less
hazardous. Restarting San Onofre is just plain stupid!

• The effort to restart San Onofre is a totally bogus scam for a totally terrible reason: To create deadly
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poisons in enormous quantities and risk releasing those poisons into the environment, destroying
Southern California. Poisons with nowhere safe to put them anywhere. SCE wants to produce some
electricity along with these poisons, the poisons will remain but the electricity which will be gone in a
flash. Furthermore, the electricity could easily be produced by renewable resources, especially if the
same money that will be poured into San Onofre were to be put into solar rooftops and wind turbines
instead.

Part 6 - Page 49, DAB Safety Team Report - SCE's misleading and embarrassing technical presentation
at the NRC public meeting creates doubts about its ability to-perform a safe restart of the Unit 2
Replacement Steam Generators

Part 7 - Page 53, DAB Safety Team Impressions and Conclusions

* What went wrong with SONGS RSG's, which are now the worst in the US Operating Nuclear Fleet
* The World's Foremost Experts and Scholars: RSG design theory used to prevent FEI
* Westinghouse/Combustion Engineering RSGs design to prevent FEI:
* Why Fluid Elastic Instability caused unprecedented tube-to-tube wear in Unit 3 RSG's
* The DAB Safety Team concludes that SONGS Unit 3 RSG's were operating outside SONGS

Technical Specification Limits for Reactor Thermal Power and Current Licensing Basis for Design
Basis Accident Conditions.

• Irresponsible SCE claim that SONGS Unit 3 Damage (FEI) was caused due to outdated MHI Thermal-
Hydraulic Computer Models

* SCE's invalidated claims of "Improved Computer Mathematical Models"
* The Final Question - Is Unit 2 Safe at 70% power for 5 months operation - The Answer is NO

Attachment 1, Page 66 - Definitions and Figures
* Figure 11 - SONGS Steam Generator U-Tube Bundle -TOP View, Slide 14
* Notes: Tubes are too closely packed to fit more UNAUTHORIZED tubes to produce more electricity
* Figure 13 - TOP of SONGS Steam Generator U-Tube Bundle and Drum, Slide 17
* Notes: No in-plane support design protection provided between tubes from vibrating & hitting other

tubes with violent impact, "Like when the Titanic Rammed an Iceberg," Excessive number of Tubes.
Tubes too closely packed.

Attachment 2, Page 68 - Examples of Steam Generator Tube Ruptures/Steam Line Breaks

Attachment 3, Page 72 - Background - Steam Generator Tube Ruptures

Attachment 4, Page 74 - Background - NRC Generic Safety Issue 188
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PART 1 - MOST EFFICIENT 21ST CENTURY MACHINERY

Question 1: What did the designer (Edison) and manufacturer (MHI) proudly proclaim to the public about
these "Innovative Replacement Steam Generators"?

" Mike Wharton, Edison Manager of the steam-generator replacement project said, "The new steam
generators are designed to last longer. They are designed for 40 years. We expect we'll actually be
able to get 60 years out of them ... better materials, better design. You learn over the course of years
what works well and what doesn't, and you try to build it into the next generation. December 24th,
2009 Source: OC Register."

" Pete Dietrich, SONGS Chief Nuclear (Officer said in Jan 10 2012, "The plant's largest components -
steam generators - are just two years old and represent the safest, most efficient 21st century
machinery Source: Market Watch."

* Ross Ridenoure, Southern California Edison senior vice president and chief nuclear officer, said,
"The installation is "a major milestone in the station's history. We're committed to making sure it's
done right. Source: January 28th, 2009, LA Times.

" John R. Fielder, Edison President said, "New steam generators are cheaper for ratepayers than
building new power plants or buying power on the open market. Source: LA Times, December 16th,
2005.

* Mitsubishi Heavy Industries, Ltd., manufacturer of these RSGs stated in December 2006, "There is
no standard design for a replacement SG because the specifications and plant requirements vary
among customers. By applying the following latest advanced technologies to all SGs, improvements
were made which cope with all past problems such as tube corrosion, vibration and wear, fatigue, and
water hammer, and products which satisfy customers' advanced demands for heat transfer capability
and moisture content are being supplied. (1) Tube material of high nickel alloy TT690 with excellent
corrosion resistance, (2) Outstanding tube support plate design, tube expansion technology in tube
sheets, (3) Tube support structure at U-bends with high support function. The tube support structure at
a U-bend is a unique design with reduced flow resistance increasing the number of support points.
Together with excellent assembly technology during manufacturing, high reliability against vibration
and wear of heat transfer tubes is achieved, and (4) MHI has developed a small, high-performance
moisture separator by optimizing the geometry of the parts based on extensive field pressure tests. As
a result, replacement SGs corresponding to power up-rating and/or advanced moisture requirements
can be designed. Source: Mitsubishi Heavy Industries, Ltd., Technical Review Vol. 43 No. 4 (Dec.
2006).

" Ei Kadokami, the deputy manager of Mitsubishi Heavy Industries in an article in the March-April
2009 Edition of the Nuclear Plant Journal explained some of the changes and expectations in MHI
steam generators, "Tube P/D (pitch/outer diameter) is narrower than others so that the tube bundle and
the Steam Generator itself are smaller, which is the first feature. The second feature MHI would like to
emphasize is that MHI has not experienced any significant degradation in recent design. Alloy 690 is
used for almost all steam generators and has high resistance against corrosion, but some steam
generators fabricated by other manufacturers have wear caused by tube vibration in the U bend region.
No tube wear has been experienced in recent MHI steam generators because not only AVB and TSP
are designed to have enough margin against fretting wear but also the manufacturing procedure is
appropriate to control gaps between the tube and AVB. Nuclear Plant Journal, Plant Maintenance &
Plant Life Extension Issue, March-April 2009 volume 27 No. 2, ISSN: 0892-2055"
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Boguslaw J. Olech (Retired from Southern California Edison) and Tomoyuki Inoue (Mitsubishi
Heavy Industries Ltd.) in an International Engineer Magazine said, "The SONGS is majority owned
and operated by Southern California Edison Company (Edison). The SONGS consists of twin plants
(Units 2 and 3) rated at 3358 MWt (-1180 MWe) each. SONGS Unit 2 began commercial operation in
1983 and Unit 3 in 1984. The plants were originally equipped with CE Model 3340 recirculating steam
generators. The Original Steam Generators (OSGs) employed heat transfer tubing made of Alloy 600
Mill Annealed (MA) and the carbon steel egg-crate type tube supports. The OSGs were designed for a
40-year service life. The main function of-steam generators in PWR power plants is to transfer heat
from the reactor core, and in doing so produce steam. The steam, in turn, drives the main
turbine/electric generator to produce electricity. Within the steam generator pressure vessel, a bundle
of U-tubes, typically made of nickel-based alloy, provides surface 'area required for heat transfer from
the primary to secondary coolant. The primary coolant flows through the tubes and causes the
secondary coolant, which is in contact with the exterior surface of the tubes to boil, generating wet
saturated steam. After passing through the moisture separators and steam dryers, essentially dry,
saturated steam leaves the steam generator on its way to the high-pressure turbine. Over the years of
operation of the PWR plants, it became evident that the steam generator tubes, made predominantly of
Alloy 600, were susceptible to primary water stress corrosion cracking (PWSSC). This corrosion
mechanism was resulting in tube degradation necessitating plugging large numbers of tubes after each
inspection of the tubing. In addition, the SONGS OSG design has shown to be susceptible to tube
through-wall wear and severe corrosion of the tube supports. It became evident that the OSG would
have to be replaced much sooner than stipulated by their design service life. 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 repairs. To address these risks,
and consistent with industry experience, Edison has set a 21.4% plugging level as the technical end-of-
life of the SONGS OSGs. The worst case forecast indicated that this plugging level could be reached
by approximately 2012. All the considerations mentioned above prompted Edison to make a
conservative decision to replace the SONGS OSGs in both Units prior to that date. The contract for
design, fabrication and delivery of the RSGs was awarded to Mitsubishi Heavy Industries Ltd. (MHI).
As specified, the RSGs were supposed to be a replacement in-kind for the OSGs in terms of form, fit
and function. At the same time, however, the RSG specificationincluded many new requirements
derived from both industry and SONGS operating experience, and the requirement to use the best and
most suitable materials of construction. These requirements were aimed at improving the RSG
longevity, reliability, performance and maintainability. Also, the specification called for very tight
fabrication tolerances of the components and sub-assemblies, especially the tubesheet and the tube U-
bend support structure. In addition, SONGS steam generators are one of the largest in the industry,
which called for innovative design solutions and improved fabrication processes when working on the
RSGs. Conceivably, the MHI and Edison project teams faced many tough challenges throughout the
entire project in the design, manufacturing and QC areas, when striving to meet the specification
requirements. Both teams jointly tackled all these challenges in an effective and timely manner. At the
end, MHI delivered the RSGs, which incorporated all the latest improvements found throughout the
industry, as well as innovative solutions specific to the SONGS RSGs. In Unit 2, the RSGs were
installed and tested in 2009/10 and in Unit 3 in 2010/11. The RSG post-installation test results met or
exceeded the test acceptance criteria for all specified test parameters, thus properly rewarding the
effort put into their fabrication."
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PART 2 - SUMMARY OF FAIREWINDS ASSOCIATES REPORTS

Question 2: What did International Nuclear Consultant Arnie Gundersen of Fairewinds Associates said
about the designer (Edison) and manufacturer (MHI) of these "Innovative Replacement Steam Generators"
in a series of reports after the SONGS Unit 3 Nuclear Accident ?

Summaries and links of four Fairewinds Associates reports on San Onofre steam generators are provided
below:

February 2012 - Summary: Following 28 and 29 years of operation, the two San Onofre Nuclear
Generating Station reactors owned by Southern California Edison (Edison) are unable to safely generate
the necessary electricity for the people of California. An investigation conducted by Fairewinds
Associates has identified that a series of major modifications to the internal design of replacement steam
generators in both San Onofre Units 2 and 3 are likely the cause of excessive wear, leaks and pressure test
failures in the steam generator tubes. Despite Edison's rush to make an early restart of at least Unit 2 if not
Unit 3, and the apparent relaxed approach of the NRC as to their role in the timing of any start up by
Edison, Fairewinds Associates recommends that both San Onofre Unit 2 and Unit 3 remain shut down
until the "root causes" of the nuclear power plant's rapid tube failures are understood and repaired,
reliability is assured, and radioactive releases are prevented.

http://libcloud.s3.amazonaws.com/93/fa/7/1255/SteamGeneratorFailures-atSan Onofre.pdf

March 2012 - Summary: Following 28 and 29 years of operation, the two San Onofre Nuclear
Generating Station reactors owned by Southern California Edison (Edison) are unable to safely generate
the necessary electricity for the people of California. An investigation conducted by Fairewinds
Associates has identified that a series of major modifications to the internal design of replacement steam
generators in both San Onofre Units 2 and 3 are likely the cause of excessive wear, leaks and pressure test
failures in the steam generator tubes. Despite Edison's rush to make an early restart of at least Unit 2 if not
Unit 3, and the apparent relaxed approach of the NRC as to their role in the timing of any start up by
Edison, Fairewinds Associates recommends that both San Onofre Unit 2 and Unit 3 remain shut down
until the "root causes" of the nuclear power plant's rapid tube failures are understood and repaired,
reliability is assured, and radioactive releases are prevented.

http://www.fairewinds.com/content/steam-generator-failures-san-onofre

April 2012 -Summary: In Fairewinds Associates March 26, 2012 report entitled Steam Generator Failures
At San Onofre: The Need For A Thorough Root Cause Analysis Requires No Early Restart, Fairewinds
recommended that both San Onofre Unit 2 and Unit 3 remain shut down until the 'root causes' of these
twin nuclear power plants' rapid tube failures are understood and repaired, reliability is assured, and
radioactive releases are prevented. In its March 23, 2012 letter to the Nuclear Regulatory Commission
(NRC), Edison suggests that there are no similarities in the unique and simultaneous problems with each
San Onofre reactor's leaking steam generator, therefore restarting Unit 2 is a decision that is separate and
apart from any restart considerations for Unit 3. Additionally, in its March 27, 2012 Confirmatory Action
Letter, the NRC appears to agree with Edison and develops two separate review and restart procedures for
Unit 2 and Unit 3. D D Due to the common elements connecting the tube failures in both Units 2 and 3,
Fairewinds believes that Units 2 and 3 must be analyzed concurrently. Moreover, in Fairewinds opinion,
the most likely common element or 'root cause' of the simultaneous steam generator tube failures at each
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Unit may be traced to Edison's unwarranted steam generator design changes. San Onofre's original steam
generator tubes lasted almost 30-years, and it is probable that replacement steam generators meeting the
original design criteria would have lasted for another 30 years.

http://fairewinds.org/content/san-onofre-cascading-steam-generator-failures-created-edison

May 2012 - Summary: Southern California Edison's four replacement steam generators at their San
Onofre Nuclear Generating Station failed in less than two years of operation, while the original equipment
operated for 28 years. Fairewinds has been analyzing the data in order to determine how such an
expensive investment could fail so quickly. ED []In June of 2006 Edison informed the NRC that the
replacement steam generators to be manufactured by Mitsubishi would be fabricated to the same design
specifications as the original San Onofre Combustion Engineering (CE) steam generators. According to
Nuclear Engineering International, Edison has admitted that this was a strategic decision to avoid a more
thorough license amendment and review process. At SONGS, the major premise of the steam generator
replacement project was that it would be implemented under the 10 CFR 50.59 rule, that is, without prior
approval by the US Nuclear Regulatory Commission (USNRC). To achieve this goal, the RSGs were to be
designed as 'in-kind' replacements for the OSGs in terms of form, fit and function.

Fairewinds finds that there are numerous changes to the San Onofre steam generators that are not like-for-
like or "in-kind." I] ElFurthermore, the facts reviewed by Fairewinds makes it clear that if Edison had
informed the NRC that the new steam generators were not like-for-like, the more thorough NRC licensing
review process would have likely identified the design problems before the steam generators were
manufactured.0 [] Finally, Fairewinds finds that tube plugging is not the solution to the vibration
problem[3] and that the damaged steam generators will still require major modifications with repair and
outage time that could last more than 18 months if Edison and Mitsubishi are even able to repair these
faulty designed steam generators. However, Fairewinds finds that the safest long-term action is the
replacement of the San Onofre steam generators.

Ramifications Of Edison's Decision To Avoid The License Amendment Process: Edison's strategic
goal was to avoid the process of license amendment according to the January 2012 article in Nuclear
Engineering International NEI Magazine[6]. Had Edison notified the NRC that the new steam generators
at San Onofre were not a like-for-like replacement, a more thorough review through the license
amendment process would have been required. Given that scenario, it is likely that the requisite and
thorough NRC review would have identified the design and fabrication inadequacies that appear to have
caused the San Onofre steam generator tube failures. El More specifically, Fairewinds believes that the
NRC would have identified the inadequacy of the Mitsubishi Heavy Industry computer code applied to
validate the tube design and vibration pattern prior to fabrication. Mitsubishi's computer code was simply
not capable of analyzing Combustion Engineering (CE) designs like San Onofre and was only qualified
for Westinghouse designs that are not similar to the original CE steam generator design. In NRC licensing
jargon, the Mitsubishi design codes were not benchmarked for the CE Design[7]. F1 LI While Mitsubishi
Heavy Industry has been supplying steam generators for many years in Japan, it did so under a specific
license from Westinghouse for Westinghouse nuclear reactors. Although Mitsubishi made several
incremental changes to the Westinghouse design, such as switching to alloy 690 tubing and the use of
stainless steel broached plate tube supports, Mitsubishi has had very little experience with the tight tube
pitch and the egg crate design used in the original CE design for San Onofre. The original steam
generators designed and manufactured by CE for San Onofre were successfully operated 28 years.
Moreover the original steam generators had a triangular tube pitch pattern, very closely packed U-tubes,
and unique egg-crate tube supports that kept the tubes from vibrating and colliding. The pitch to diameter
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ratio of tubes in the original CE generators is dramatically different from any of the Westinghouse
generators fabricated by Mitsubishi. Moreover, an NRC licensing review would have identified the fact
that the Mitsubishi computer design code, which is based upon Westinghouse models, was not appropriate
for design changes to the San Onofre replacement steam generators originally designed by
CE. i El Another problem with the San Onofre steam generators is that Edison and Mitsubishi made a very
significant design change that magnified the San Onofre steam generator stresses and vibrations by
removing the main structural pillar called the stay cylinder in order to fit an additional 400 tubes into the
unique and already tightly packed design. Furthermore, this design is also bigger than anything Mitsubishi
Heavy Industries (MHI) had ever fabricated or designed. The NRC license amendment review process
would likely have identified these and other problems.

The Actual Steam Generator Problem: As water moves vertically up in a steam generator, the water
content reduces as more steam is created. When the volume of steam is much greater than water then the
flow resistance of the water/steam mixture passing through the tube supports accounts for one third of the
total resistance at the top of the steam generator. Therefore to avoid vibration at the top of the tubes,
Mitsubishi needed to specifically analyze the type of tube support to use in this unique application. El El The
flow resistance of the Mitsubishi broached plate is much higher than that of the original Combustion
Engineering egg crate design because the tubes are so tightly packed in the original CE San Onofre steam
generators. By reviewing the documents thus far produced, it appears that due to Mitsubishi's fabrication
experience with broached plates, both Edison and Mitsubishi missed this key difference in the design and
fabrication of the new San Onofre steam generators. E]Not only is Mitsubishi unfamiliar with the tightly
packed CE design, but also Edison's engineers created so many untested variables to the new fabrication
that this new design had a significantly increased risk of failure. As a result of the very tight pitch to
diameter ratios used in the original CE steam generators, Mitsubishi fabricated a broached plate design
that allows almost no water to reach the top of the steam generators. EL El The maximum quality of the
water/steam mixture at the top of the steam generator in the U-Bend region should be approximately 40 to
50 percent, i.e. half water and half steam. With the Mitsubishi design the top of the U-tubes are almost dry
in some regions.[10] Without liquid in the mixture, there is no damping against vibration, and therefore a
severe fluid-elastic instability developed. LI Li In response to the Edison/Mitsubishi steam generator changes,
the top of the new steam generator is starved for water therefore making tube vibration inevitable.
Furthermore, the problem appears to be exacerbated by Mitsubishi's three-dimensional thermal-hydraulic
analysis determining how the steam and water mix at the top of the tubes that has been benchmarked
against the Westinghouse but not the Combustion Engineering design. EL EL The real problem in the
replacement steam generators at San Onofre is that too much steam and too little water is causing the
tubes to vibrate violently in the U-bend region. The tubes are quickly wearing themselves thin enough to
completely fail pressure tests. Even if the new tubes are actively not leaking or have not ruptured, the
tubes in the Mitsubishi fabrication are at risk of bursting in a main steam line accident scenario and
spewing radiation into the air.

[10] With the Mitsubishi design the top of the U-tubes are almost dry in some regions. Fairewinds
research and four independent industry experts, who wish to remain anonymous, substantiate this
statement.

http://fairewinds.Srg/content/san-inPfreolE2ms899s-steam-generatorBfailures-cauld-have-been-prevented
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July 2012 - Summary: Using NRC publicly available data, Fairewinds compared the replacement steam
generator plugging at both San Onofre Units 2 and 3 to the replacement steam generator plugging history
for all other replacement steam generators at US nuclear power plants. Fairewinds concludes that San
Onofre's has plugged 3.7 times as many steam generator tubes than the combined total of the entire
number of plugged replacement steam generator tubes at all the other nuclear power plants in the
US. D D Using Edison's San Onofre Condition Report as a basis, Fairewinds also compared the damage
and failure modes at San Onofre Unit 2 to Unit 3 and concludes that there is no difference in the failure
modes between the two units and that both should remain shut down until extensive modifications or
fabrication of replacement generators are completed.
http://fairewinds.org/content/san-onofre%/E2%/80ý/99s-steam-generators-significantly-worse-all-others-nationwide

Videos and much more about the San Onofre steam generators available at the Fairewinds Associates web

site: http://fairewinds.org'
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PART 3 - SUMMARY OF COMMITTEE TO BRIDGE THE GAP REPORT

Question 3: What did Professor Daniel Hirsch and International Nuclear Consultant Dale Bridenbaugh
say about the damaged replacement steam generators in a series of reports after the SONGS Unit 3
Nuclear Accident?

FOR IMMEDIATE RELEASE: September 12, 2012
CONTACT: Daniel Hirsch, Committee to Bridge the Gap: (831) 336-8003

SAN ONOFRE: STUDY QUESTIONS SAFETY OF RESTARTING EITHER UNIT 2 OR 3
Hundreds of Times More Damaged Tubes in Either Reactor Than Typical for New
Replacement Steam Generators

LOS ANGELES, CA, Sept. 12 - An exhaustive analysis of data from nuclear plants nationwide reveals
that critical safety components in both reactors at the San Onofre nuclear power plant - the damaged
replacement steam generators - are in far worse shape compared to typical U.S. reactors than
previously admitted by federal regulators and the plant's operator.

The report released today reveals that:
* San Onofre's Unit 2 reactor has about 400 times as many damaged steam generator tubes as the

median number at comparable plants over the same operational period, and Unit 3 has more than 450
times as many.

" Each San Onofre reactor has greater than 1,000 times as many indications of wear on the tubes than
the typical reactor in its first cycle of operation.

" Each San Onofre unit has had to plug more tubes than all replacement steam generators nationwide
combined.

The newly unearthed data refute claims of the U.S. Nuclear Regulatory Commission that the tube
damage in Unit 2 is "similar" to that found at comparable reactors and of plant operator Southern
California Edison that the damage was "not unusual," just a normal "settling in" of the equipment. The
data also show that despite Edison's claims that problems with Unit 2 are not as severe as in Unit 3, both
reactors have comparable levels of damage--1595 worn tubes in Unit 2 compared with 1806 in Unit 3.
"San Onofre Unit 2 and 3 are both very ill nuclear plants. They are far, far outside the norm of national
experience," writes Daniel Hirsch, report co-author. "Restarting either San Onofre reactor with crippled
steam generators that have not been repaired or replaced would be a questionable undertaking at
best." Hirsch is President of the Committee to Bridge the Gap, the nuclear policy organization that
prepared the report, and a Lecturer on nuclear policy at the University of California, Santa Cruz.

The group compiled the data from records for all reactors with similar replacement steam generators
after the NRC was unable to provide figures to back up its claim that the damage to tubes at San Onofre
Unit 2 is typical of new steam generators. The report also notes that the NRC and Edison have given
significantly different answers for the number of damaged tubes at San Onofre and that the agency is
even now unable to say which is correct.

Both San Onofre reactors have been shut down since January, after a leak from one of the thousands of
thin, tightly packed tubes that transfer heat from radioactive water to produce steam to turn the plant's
electricity turbines. The findings of today's report are critical because Edison claims that Unit 2 is far less
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seriously damaged than Unit 3 and should be allowed to restart and operate at reduced power. Edison
has acknowledged that Unit 3 may never restart.

"Unit 2 cannot be said to be acceptable for restart, any more than Unit 3," writes Hirsch. "Unit 2 has
hundreds of times more bad tubes and a thousand times more indications of wear on those tubes than
the typical reactor in the country with a new steam generator, and nearly five times as many plugged
tubes as the rest of the replacement steam generators, over a comparable operating period, in the
country combined."

The report contains a forward by Dale Bridenbaugh, a retired nuclear engineer who resigned from
General Electric in the 1970s over reactor design flaws that subsequently contributed to the 2011
Fukushima Daiichi disaster. "As dramatically shown in this report, the San Onofre experience after only
two or less years of operation with replacement steam generators lies far outside the bounds of
normality when compared to the experience of other nuclear units with such replaced components,"
says Bridenbaugh. "Steam generators play a critical role in assuring plant safety and the containment of
possible radioactive releases."

"In spite of Edison's attempt to assert a different level of risk between Units 2 and 3, it seems clear that
similar design and failure challenges are present in both units and that future operation of either unit
has not been technically justified. It is my opinion that measures necessary for the future safe operation
of either of these units have not been adequately put forth at this time, and that operation with or
without reduced power of Unit 2 should not be authorized," Bridenbaugh concludes.

http://committeetobridgethegap.org/wp-content/uploads/2012/09/CBG-SONGStubes5.pdf

FAR OUTSIDE THE NORM: The San Onofre Nuclear Plant's Steam Generator Problems
in the Context of the National Experience with Replacement Steam Generators

http://www.committeetobridgethegap.org/pdf/CBG-SanOnofreReport.pdf

Dan Hirsch of Committee to Bridge the Gap speaks about the steam generator report at Del Mar city
council:

http://www.youtube.com/watch?v=Rh6aZ5gwoGo
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PART 4 - SUMMARY OF DAVID LOCHBAUM REPORT

Question 4: What did Union of Concerned Scientists (UCS) David Lochbaum, Director, Nuclear Safety
Project said about the damaged replacement steam generators?

UCS Observations: The Union of Concerned Scientists (UCS) has serious concerns about Southern
California Edison's (SCE) restart plans for San Onofre Unit 2. In a 10/12/2012 letter submitted to the
Nuclear Regulatory Commission (NRC), David Lochbaum, Director, Nuclear Safety Project, identified
the following issues:
" Unit 2 replacement steam generator 2SG89 has significantly more wear indications per number of

supports than does [Unit 2] replacement steam generator 2SG88. Until the reason for this marked
difference between the wear degradation for the Unit 2 replacement steam generators is understood,
the operational assessment performed for future operation is suspect.

* Since all four replacement steam generators came from the same manufacturer, were of the same
design, made of the same materials, assembled using the same procedures, and operated under nearly
identical conditions in twin reactors, the reason for this marked difference is unclear...
[the] explanation is not well documented and therefore appears to be more convenient than factual.

" The document states that the owner will "administratively limit Unit 2 to 70% reactor power prior to a
mid-cycle" outage to inspect the replacement steam generators. What are the legal and safety
consequences if the reactor power were to increase to 75%, 85% or 100% power, advertently or
inadvertently? The NRC has licensed San Onofre Unit 2 to operate at 100% power. What would
legally prevent the owner from restarting Unit 2 and increasing its output to the NRC licensed limit?
The NRC's enforcement program includes sanctions when its regulations are violated, but nothing if
promises are broken. If the NRC agrees that reactor operation at less than 100 percent power is
warranted, it should enforce that reduction with an order or comparable legally enforceable
document. However even that will not necessarily prevent its occurrence. Has NRC even considered
that fact?

" Table 8-1 of Enclosure 2 and its accompanying text attempt to explain how operating Unit 2 at 70%
power will prevent the tube-to-tube wear (TTW) experienced on Unit 3 by comparing it to an
anonymous reactor (called Plant A). Reliance on one suspect data point (Plant A) is hardly solid
justification for operation at 70% power being acceptable.

* There is no justification in this 80-plus-page document for an operating duration of 150 days.
* There are no legal means compelling the plant's owner to shut down Unit 2 after 150 days of operation

at or above 15% power.
* A temporary nitrogen- 16 radiation detection system will be installed prior to the Unit 2 startup.

However, there is no commitment to use it after startup, or to keep it in service should it stop
functioning. The detection system is proposed as a defense-in-depth measure, but there is no assurance
it will be operated. Furthermore, it will NOT provide the necessary warning that tube rupture is
eminent. It will only indicate that it is already occurring.

* Attachment 6 to Enclosure 2 has proprietary information redacted. Section 1.4 of Enclosure 2 states
that the owner used AREVA, Westinghouse Electric Company LLC, and Intertie/APTECH to review
the operational assessment. At least one of these companies manufactures replacement steam
generators and would therefore be a competitor to Mitsubishi Heavy Industries (MHI), which made the
replacement steam generators for San Onofre. If the owner did not withhold the proprietary
information from MHI's competitors, why withhold it at all? If SCE did withhold the proprietary
information from these reviewers, what is the value of their independent, but limited, review?
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PART 5 - SUMMARY OF ACE HOFFMAN'S NUCLEAR FAILURES REPORTS

Question 5: What did Ace Hoffman, a DAB Safety Team spokesperson said about the damaged
replacement steam generators?

1. March 18, 2012 - Ace Hoffman's Nuclear Failures Reports

It's time to decommission San Onofre Nuclear Generating Station. It's the only sensible thing to do. It
makes economic sense for just about everybody, and spares us the possibility of "Fukushima USA" here in
SoCal.

Right now, neither of San Onofre's two reactors are operating. Southern California Edison is already
predicting there could be rolling blackouts during the summer if they can't get the reactors running by then.
The threat of blackouts is at odds with the historic record of energy usage, which clearly shows that there
is more than enough electrical generating capacity and transmission line capacity in SoCal to replace San
Onofre.

Nevertheless, SoCal residents can EXPECT rolling blackouts -- because SCE wants them to happen: It
may cost as much as a billion dollars (or more) to repair San Onofre. Instead SCE could be securing
contracts NOW for summer energy use. They could be building a billion dollars' worth of solar rooftops,
offshore wind turbines, turbine peaker plants, cogeneration plants, energy storage reservoirs, geothermal
energy systems, etc.

But they don't want to, because when San Onofre is operating, it's "easy money": A million dollars per day
per reactor! So instead they'll want to "prove" that SoCal "needs" San Onofre, so they won't prepare, the
blackouts will happen, and then they'll expect us, the ratepayers, to pay for it all!

Meanwhile, there is still NO solution to the problem of long-term storage of nuclear waste, which has
been piling up for decades in dangerous "temporary" locations at every nuclear power plant in the country
(and nor will there ever be agood solution). And NOR is there a solution to the dangers of nuclear
weapons proliferation, which SanO exacerbates by producing plutonium and tritium. Additionally, the
dangers from terrorism, or from mother nature's fury, remain unsolved too. San Onofre is built on or near
several fault lines, and along the coast, nearly at sea level. It's tsunami-prone and earthquake-prone. And
surrounded by about eight million people within 50 miles (noting that the U.S. Government recommended
U.S. citizens evacuate-from within 50 miles of Fukushima, Japan -- and ALSO noting that even that might
not be far enough!).

r
Furthermore, San Onofre continues to have problems with worker harassment (intimidation of workers to
prevent them from reporting dangers) AND, paradoxically, worker safety complaints (that safe procedures
aren't being followed). San Onofre is officially (Nuclear Regulatory Commission's own data) the worst-
run commercial nuclear facility in the nation on BOTH counts.

A meltdown at San Onofre would be the ruination of SoCal. And we don't need a tsunami or "the big one"
to cause it: It's not inconceivable that a thing as simple as a flashlight dropped in the reactor water could
start a cascade of failures, leading to a meltdown "just like" Chernobyl or Fukushima. That's why they
have regulations to prevent things like dropped flashlights (I mention this specifically because it happened
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there last month, and the contract worker, a temporary employee at the plant, who violated workplace
rules by dropping the flashlight, then further violated the rules by trying to retrieve it -- and falling in!)
SCE doesn't want to be responsible for ANY of the costs to fix the reactors. They just want to fix them
any way they can, so they can restart them as soon as possible, so they can go back to making money --
and creating a ton a week of highly dangerous "spent fuel" which will be the real legacy of San Onofre's
decades of operation: Millions of pounds of deadly poison sitting on our shoreline just waiting to be
released by accident/sabotage, etc. Southern California Edison will be long out of business, all of us will
be long dead, California will be a nation unto itself (perhaps), but the waste will still be here.

The cause of San Onofre's current shutdown is defective replacement Steam Generators (SGs) made in
Japan by Mitsubishi Heavy Industries. MHI has been building SGs for nuclear power plants since the
1970s and have manufactured, shipped and installed well over 100 SG units around the world. MHI's
current annual report indicates they plan to double their nuclear steam generator business several times in
the next three years to almost $10 billion annually. So this is a big setback for them as well as for SanO's
owners. The problem is almost surely the result of incorrect manufacturing procedures: This didn't have to
happen. What other SGs around the world are in trouble?

Steam Generators are massive things used in Pressurized Water Reactors (PWRs). PWRs have three
coolant loops: Water under very high pressure in the primary loop goes through the reactor core, gets
heated (and irradiated), and then goes through thousands of very thin tubes inside the steam generators.
San Onofre's two SGs each have nearly 9,500 long, thin U-shaped tubes (the tube's walls are about the
thickness of a credit card). Because the water inside the thin tubes is highly pressurized, it does not boil.
The water on the other side of the tubes (the secondary coolant loop) comes in contact with the hot tubes
and turns to steam. The steam is piped out of the containment domes and into the turbine room, where it is
used to turn the turbines, which generate electricity. A third coolant loop (ocean water) condenses the
steam in the second loop, and that condensate is then pumped back into the steam generators again.
When any company receives $800 million worth of equipment, it invariably inspects that new equipment
very carefully to make sure it's exactly what they ordered. San Onofre's replacement steam generators
were inspected when they arrived at the plant in 2009, and found to be defective. MHI had to send out a
special team to SoCal to reweld them. Like the defects that are appearing now, those defects SHOULD
NEVER HAVE MADE IT OFF THE FACTORY FLOOR.

You can be sure numerous additional inspections were done after the problems were discovered in 2009.
The additional inspections and repairs took about six months. Then they put the steam generators in the
reactors (two SGs in each of two reactors) and just over a year later... problems, problems, problems!

The first problems to show up were in Unit II, the older of the two operating reactors and the one to get its
steam generators replaced first. Excessive wear was discovered on the thin U-shaped tubes inside the SGs,
when were inspected during Unit II's first refueling outage after the SG replacement. The outage was
already far from "routine" despite repeated assurances by the utility that it was "just" a routine refueling
outage: The Reactor Pressure Vessel Head was being replaced, which is another massive (and expensive!)
part which had worn out prematurely. Neither the RPVH nor the SGs were ever supposed to wear out in
the entire life of the plant.

Unit II's SG wear is significant: Two tubes had at least 30% wear, and nearly 70 tubes had at least 20%
wear, and about 700 tubes had at least 10% wear. The new SGs are expected to last 40 years or longer --
but all of this excessive wear was detected after only about 14 months of operation! PWRs rely on the SGs
to remove excess heat from the reactor. They are a vital safety component of the reactor, which is one
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reason there is a minimum of two SGs per reactor (sometimes more than two) in every PWR in the world -
- in case one fails.

San Onofre's engineers were quick to explain to the media and the public that the wear they found on Unit
II was probably just wear from "settling in": The parts merely had to "get comfortable" with each other. I
actually heard SanO employees using these "engineering" terms! ED ED Then Unit III's steam generators
failed, too -- and it was "discovered" the hard way: A rupture. One of the nearly 20,000 tubes inside Unit
III's SGs suddenly burst, and the subsequent release of primary coolant -- which is highly radioactive --
into the secondary coolant loop -- which normally isn't very radioactive -- caused the control room
operators to have to shut down that reactor as well. Some radiation was released to the atmosphere (and to
the public) when the radioactive steam condensed back to water at atmospheric pressure.

Calling what happened Last January merely a "leak" is being too nice: It was an extremely violent flashing
to steam of super-heated, super-pressurized radioactive water and chemicals. (If you passed your arm
accidentally over the breach, it would take your arm off (by steaming it off!) in an instant. (But at least the
stump would be sanitized.))

Such steam generator tube ruptures are rare, and it's a good thing: The real danger would be that one burst
tube would damage the tube next to it, which would burst too, and so on in a cascade of failures that
would throw metal parts throughout the primary and secondary coolant loops, damaging valves and
reactor fuel assemblies, blocking water flow, and damaging the other SG. And then what? Fukushima
USA: An inability to cool the reactor -- a meltdown.
San Onofre avoided that, but their troubles had only just begun.

After letting the reactor cool for several days, technicians went in and started trying to discover what had
gone wrong with Unit III's new steam generators. Was it "just" wear, like Unit II was experiencing? It
doesn't appear to be the same problem: SanO employees identified 129 tubes that appeared to be
excessively worn, and started pressure-testing them. This involves increasing the pressure in one tube at a
time to about three times the normal operating pressure. Seven tubes have failed these tests already, and
they've only just begun that phase of the testing!

Will it ever be safe, or reasonable, to restart these reactors with Mitsubishi Heavy Industry's steam
generators? When BOTH units are having problems? (Exactly ONE tube in Unit II was pressure tested in
light of the problems with Unit III. That one tube passed the test. All pressure tested tubes are plugged up
permanently, and can no longer be used.)

There can be little doubt now that MHI has been delivering products with criminally-negligent
workmanship, and San Onofre has been accepting those parts and using them.

One meltdown at SanO -- or two -- would destroy everything we love about SoCal. Why spend billions of
dollars just to restart THAT risk? Right now we just have the spent fuel to deal with -- the radioactive
waste pile. It's deadly, difficult to manage, and will cost a fortune. But at least it's NOT GROWING at the
moment, and that's good. In fact, slowly but surely, it's cooling and becoming less hazardous.
Restarting San Onofre is just plain stupid!
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October 9, 2012 - Ace Hoffman's Nuclear Failures Reports

Three independent groups of experts tell Edison/NRC: DON'T RESTART SAN ONOFRE UNIT 2!

It is to the nuclear industry's great advantage that their failures are odorless, colorless, tasteless -- in short,
utterly undetectable to the human sense organs except in very high (and very poisonous) doses, when
radiation first gives you a metallic taste in your mouth much like adrenalin might give you, then, at higher
doses, skin bums, nausea, vomiting, organ deterioration, and death. And you might get all the rest without
getting the metallic taste in your mouth. Lower doses cause cancer, heart disease, lowered IQs, and, of
course, thyroid problems: 40% of Japanese children living near the crippled -- and still spewing --
Fukushima reactors now have thyroid problems, a harbinger of cancers in the community in the coming
years.

You need sophisticated equipment to detect radiation -- equipment which, fortunately, has come down to
the $150 price range, while increasing in sensitivity significantly too. Scintillators, which can tell you the
energy level of the radiation as well as what type (alpha, beta, gamma) -- and thus can determine what
isotope is emitting the deadly particles and rays -- are also coming out in similar price ranges.

I suppose it could be said to be an exciting time to detect radiation, thanks to Fukushima, Chemobyl, and a
thousand other events.

But monitoring radioactive releases doesn't save lives nearly as well as not having the releases in the first
place. San Onofre Unit 2 is in bad shape and should not be restarted in any case, but especially because of
the problems it has right now.

I

Basic Reactor Facts: Nuclear reactors heat water to create steam to turn a turbine to spin a generator to
produce electricity. There are two types of commercial nuclear power plants in the United States. About
2/3rds of the 104 U.S. power reactors are Pressurized Water Reactors (PWRs), which have three coolant
loops, and the rest are the Fukushima-style Boiling Water Reactors (BWRs), which have only two coolant
loops. San Onofre Nuclear Generating Station's reactors are both PWRs.

In both types of reactors, assemblies of zirconium tubes filled with uranium oxide pellets the size of a
pinkie-finger bone heat recirculating water in the primary loop. That water is very radioactive, mostly with
short-lived isotopes but also with "fuel fleas" of plutonium and uranium and other "transuranic" elements
which have broken off of the ceramic pellets and escaped the zirconium cladding. Fission products, which
are the resultant parts of splitting each atom, have also leached into the primary loop. Fission products are
nearly always radioactive, and biologically active, too. Although most of the radioactivity in the primary
loop is from the short-lived isotopes, with half-lives measured in seconds, plutonium's half-life (the time it
takes for half of a substance to decay) is 24,000 years. (Half of what is left will decay in the next 24,000
years, and so on for about 10 to 20 half-lives, until it's all decayed.)

Water is pressurized to -1200 psi in a BWR, which is low enough so that it turns to steam directly in the
reactor core. The steam is piped to a turbine in another building. In San Onofre and other PWRs, the
water is pressurized to -2200 psi, so that it does not boil as it loops through the system repeatedly -- it just
goes up and down in temperature. A second loop of recirculating water is flashed to steam by touching the
other side of thin tubes which carry the pressurized water on the inside. Thousands of these tubes are
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bundled together inside of school-bus-sized containers known as Steam Generators (SGs). In both types of
reactors, the steam exits the containment area, spins the turbines, and then is condensed back to water by
the second loop in BWR designs, and the third loop in PWR designs. The last loop might be lake, river, or
ocean (salt) water. Salt water is, of course, particularly corrosive.

There are various disadvantages unique to each design. The BWR design places highly radioactive water
outside the containment area, pretty much defeating the purpose of the containment in the first place. The
PWR's most unique disadvantage is the SGs, which have proven to be troublesome throughout the nuclear
industry.

Both designs run the risk of a fire of the zirconium cladding, releasing the fission products and resulting in
a meltdown of the fuel (as apparently happened in Fukushima), or even a fire of the fuel itself (releasing
everything -- the worst of the worst and far worse than Chernobyl OR Fukushima was). There are many
other possible failure scenarios known as "Design Basis Accidents," which they have to plan for, and
"Beyond Design Basis Accidents," which they don't have to plan for because they're considered too rare to
bother about, and which are usually unstoppable if they do occur (asteroid impacts, or greater-than-DBA
earthquakes are two examples of BDBAs).

San Onofre's Steam Generators: There are 9,737 tubes inside each of the four failing SGs at San
Onofre. Each is shaped like an upside-down U. The tubes are about 4/1 00ths of a inch in wall thickness
and about the diameter of an average adult finger. Primary coolant flows through the inside of the tubes.
Secondary coolant rises along the outside of the tubes and picks up heat through them, and turns to steam.
At the top of the U, it was still supposed to be mostly water, which dampens vibrations of the tubes pretty
well, but it turned out to be mostly steam, which doesn't. The tubes banged into each other.

San Onofre's replacement SGs were highly modified from the original design, and no wonder: The
original SGs had performed very poorly, wearing out several decades early. When forcing the rate payers
to pay for the new steam generators a few years ago, it was said they would last 60 to 80 years or more,
because they would be made with the new alloy "690", instead of the old alloy "600".

Across the nation, everybody's switching over, we were told.

The NRC accepted the new SGs as "like for like" replacements for the old ones, thus avoiding a costly and
delaying -- and possibly damaging -- public inquiry into the whole affair. Neither the NRC nor SCE, nor
the SG manufacturer in Japan, Mitsubishi Heavy Industries, bothered to do a thorough, careful, critical
analysis of the new SGs' ability to perform as intended. Mockups and scale models were not made. Instead,
computer programs were fed various parameters of the new design, but they returned invalid values,
which were not cross-checked in any meaningful way.

The "hydrodynamic" calculations are too complex to be done by hand, they have to be done by computer,
and even the computer models are crude estimations of the actual flow patterns of all the millions of
gallons of pressurized hot water, "cold" water, and steam.

Edison's Proposal To Restart: This evening (October 9th, 2012) in Dana Point there is to be a special
NRC public meeting about the problems with the steam generators. Edison has asked the NRC for
permission to restart San Onofre Nuclear Reactor Unit 2 at 70% power.
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The NRC has already stated they will need "months" to review Edison's restart proposal, but the NRC
hasn't said whether it will hold full evidentiary hearings regarding the botched steam generator
replacement project. Unit 2's two new replacement steam generators, which are not even two years old,
have more wear than was expected to be seen in the 40- to 60-year extended life of the plant. Unit 3 is in
even worse shape and there are no plans to restart it at the present time.

What Went Wrong At San Onofre: We were promised better steam generators and what we got was
Fluid Elastic Instability (FEI). FEI is a synchronized swaying of these huge bundles of heat exchanger
tubes in unison until something breaks. A single tube in Unit 3 ruptured on January 31st, 2012, spewing
hundreds of gallons of radioactive water out from the primary (hottest, most pressurized side) to the
secondary side, where it flashed to steam, went through the turbines, and was condensed, at which point
radioactive noble gases were released and detected.

That was just one leak in one tube, but thousands of tubes were damaged and in subsequent pressure
testing of selected tubes, 8 more burst, some at pressures below what they are required to handle, and all
eight of them at less than 3 times the normal operating pressure. That is unacceptable even to the NRC.
More than 800 tubes were plugged in Unit 3 while Edison attempted to convince the experts that Unit 3
was just "settling in" (their term). SCE's attempts to restart Unit 3 fell on deaf ears even among San
Onofre's staunchest supporters -- the NRC. (Unit 1 was closed in 1992 for a variety of reasons.)

The replacement SGs at San Onofre suffered significant premature wear damage not just from FEI, but
also from a more common -- but never THIS severe in any other reactor in the country -- problem known
as Flow Induced Turbulence (FIT). Unlike FEI, FIT becomes chaotic, but also has damaged thousands of
tube in the SGs of both reactors at San Onofre.

Edison's Restart Plan: Edison wants the NRC to see Unit 2 as having completely different problems
from Unit 3, even though Unit 2's SGs are identical in every way possible to those in Unit 3, and even
though they are showing the same sorts of wear patterns, just not as severely. More than 500 tubes have
been plugged in Unit 2 "as a precautionary measure" according to Edison. Two tubes in Unit 2's SGs --
and hundreds in Unit 3's SGs -- had "tube-to-tube" damage, which should never occur at all and almost
surely indicates FEI in addition to FIT.

Edison claims that they can safely run Unit 2 for five months at 70% power and then take a look to see
how much wear occurred. Although it's likely there won't be much additional wear, it's also possible that
FEI will still set in, and it's ALSO possible that, since the "70%" figure is purely administrative, it will be
exceeded. And a run-away power excursion might cause the operators to feel they have no choice but to
run at full heat-removal capacity, despite the plan to run at 70% power.

And besides that, there is little evidence that FEI is necessarily less likely at 70% power, and in addition,
other problems, which have plagued the nuclear industry, such as crud buildup, are much more likely to
occur at the lower power setting.

It's not a sound plan -- it's a desperate measure by Edison to stay in the nuclear energy business instead of
being forced to allow renewable energy systems to hook up to the grid without excessive fees or delays.
It's a plan to keep Edison from going out of business to be replaced by citizen-owned local utilities. It's a
plan that puts Southern Californians at grave risk for corporate profits. There are better jobs in the
renewable energy sector for the employees. Nobody needs San Onofre to restart.

46
SONGS Chronic Problems: Putting Energy Generation Before Safety & Haste Makes Waste



Outside (And Inside) Experts Have Examined The Issue: Three groups of outside experts have each
reached the same conclusion about San Onofre Unit 2: DO NOT RESTART IT.

Arnie Gundersen is a former nuclear industry engineer. With his wife, also a former nuclear industry
executive, and other experts, Arnie's team, Fairewinds Associates, concluded that it would not be safe to
restart Unit 2.

Dan Hirsch, founder of Committee to Bridge the Gap, with his own team of experts and students,
researched every other steam generator system at PWR reactors across America and concluded the same
thing -- that San Onofre is worse than anywhere else and should not be restarted.

And another independent team was formed around concerned citizens and former/current anonymous San
Onofre employees, who reviewed Arnie Gundersen's and Dan Hirsch's reports, as well as numerous other
technical reports from all over the world, and also reached at the same conclusions -- that restarting San
Onofre Unit 2 is unsafe.

The NRC says they'll take "months" to decide if Edison's restart plan is logical, which has taken Edison
more than nine months to deliver since the shutdown. But the plan is utter folly and the NRC should be
able to see that as easily as the independent experts have seen it. This is a no-brainer: Keep San Onofre
shut forever. It's not worth the risk.

December 9, 2012 - Ace Hoffman's Nuclear Failures Reports

A few weeks ago Southern California Edison (SCE) was given several billion dollars by the California
Public Utilities Commission (CPUC) in a General Rate Case (GRC). The timing was perfect for SCE. The
Order Initiating Investigation (011) regarding San Onofre's twin-reactor wear-and-tear problems is
currently in a nebulous 45-day "grace" period, and so the fact that San Onofre wasn't running and might
never run again wasn't factored in to the GRC that the CPUC just approved -- it was as if they didn't know.

The OlI is small potatoes to SCE. To them, the 011 is all about the money, and they're trying to keep as
much of it as possible. SCE doesn't really care about who pays -- they don't expect it to cost them AT
ALL: They're sure that the steam generator (SG) manufacturer, Mitsubishi Heavy Industries (MHI) will
cover some of the costs, insurance will cover even more, and the ratepayers will cover the rest.

What SCE cares about -- all they care about -- is that the work to restart/rebuild San Onofre be allowed to
proceed, and that the ratepayer's rates don't go down just because the -- very expensive -- power plant is
off-line. San Onofre's monthly expenses are enormous whether it's running or not. SCE wants ratepayers
to pay for rebuilding the reactors, but SCE still doesn't know how they'll do that. In the meantime, they
simply want the ratepayers to keep paying for San Onofre's upkeep.

The effort to restart San Onofre is a totally bogus scam for a totally terrible reason: To create deadly
poisons in enormous quantities and risk releasing those poisons into the environment, destroying Southern
California. Poisons with nowhere safe to put them anywhere. SCE wants to produce some electricity along
with these poisons, the poisons will remain but the electricity, which will be gone in a flash. Furthermore,
the electricity could easily be produced by renewable resources, especially if the same money that will be
poured into San Onofre were to be put into solar rooftops and wind turbines instead.
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SCE plans to have the ratepayer-funded rebuilding completed within 3 or 4 years -- or more. The
replacement SGs that failed will be replaced again, with better-positioned anti-vibration supports and
proper clearances between the tubes. SCE wants MHI, the SG manufacturer, to pay the full amount of
their potential liability. But who is really to blame? Considering the nearly 1 billion dollar cost and the
potential consequences of failure, SCE surely had an obligation to properly inspect the SGs, and to
understand how they function. SCE should have carefully checked MHI's work before and after installing
and using the new SGs. They should have seen that the tolerances weren't right. But instead, three weeks
after Unit 2 was shut down for refueling anyway for the first time since the SG replacement, during which
time a reasonable inspection would have uncovered thousands of unusual wear points, Unit 3 sprung a
leak and we almost lost SoCal.

SCE plans to have new SGs in BOTH reactors by 2022 at the very latest. Why then? Their current license
extension expires then, and they'll want to secure another extension to operate the reactors for another 20
years, and 20 more after that -- and 20 more again, after that! Endlessly.

SCE claims the "new" new SGs will be good for 60 years, just like they told us last time, and the time
before that. But lots of other parts are rusting out too. Valves along the Main Steam Lines, for instance?
What near the sea DOESN'T rust?!? SCE wants such parts excluded from the "reasonableness review" of
SanO that will be part of the OIL. Piece by piece, the whole reactor needs replacing. but don't tell the
citizens it's falling apart! (And not just the old parts, but the new parts are falling apart, too!)

SCE attempts to claim that SanO belongs in the category of facilities "needed to maintain the reliability of
the electric supply" even though we've seen that it's NOT needed, since it's been off since January, and
there have been no blackouts or brownouts, despite little or no preparation for a long-term outage by the
utility company.

SCE is using the claim of SanO being "needed" to demand all the money necessary to repair it from the
ratepayers, courtesy of the CPUC. SCE is demanding that SanO be considered necessary even though it
isn't. And they want the long-term costs of waste storage to be excluded from considerations about the
costs of SanO, too! And the costs of decommissioning, other repairs, etc.. And the costs of accidents!

Nuclear power: Always made to look a lot cheaper than it really is.
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PART 6 - SCE'S MISLEADING AND EMBARRASSING TECHNICAL PRESENTATION

SCE's misleading and embarrassing technical presentation at the NRC public meeting creates
doubts about its ability to-perform a safe restart of the Unit 2 Replacement Steam Generators

After spending almost a year, wasting hundreds of millions of dollars of rate payer's money and hiring the
World's Best Experts, Southern California Edison brought out SONGS Senior Vice President of
Engineering, Tom Palmisano, on November 30, 2012 (Friday night) to give their technical presentation in
a dazzling performance bid to convince their NRC regulators why they should be able to restart damaged
SONGS Unit 2. Sadly, Palmisano failed miserably to convince the DAB Safety Team, the NRC Region
IV Panel and other Public/Technical Experts, that Southern Californians will be safe from the effects of a
potential nuclear radiological accident by the restart of Unit 2's Steam Generators by operating them at
70% power for a trial period of 5 months. When questioned by NRC Panel Members, Palmisano who was
tasked with convincing the NRC, the Public and the News Media that Unit 2 is safe for restart, "stumbled
several times during his presentation", then in response to the panel members questions for further
technical details said sometimes irritatingly, "I will get back to you" and then finally "hesitantly" admitted,
"SCE and MHI analysis are still not yet complete and will continue for several months for a detailed
analysis and investigation to this problem."

Palmisano declared with his face beaming that tube-to-tube wear was caused "Most Likely" by in-plane
vibrations (fluid elastic instability) in Unit 2 Steam Generator E-089 (U2SGE089). Two affected tubes in
U2SGE089 with 14% wear depth were plugged and they preventatively plugged 321 tubes to
conservatively add to the safety margin. It is astonishing and alarming to note that SCE's Vice-President
contradicted the World's Leading and Pioneering Nuclear Plant Designer, Westinghouse Operational
Assessment, which concluded, "In-plane vibrations (fluid elastic) instability did not occur in U2SGE089
in two affected tubes. The tube-to-tube wear is most likely a result of out-of-plane vibrations (flow-
induced random vibrations) of the two tubes in close proximity to the level of contact during operation.

The DAB Safety Team's perception is that Palmisano is either pretending or really does not understand
the Westinghouse Operational Assessment's conclusions regarding the adverse effects of fluid elastic
instability and flow-induced random vibrations, which caused the January 31, 2012, radioactive leak in
one of the SONGS Unit 3's brand new 680 million dollar replacement steam generators (RSG's) that were
reverse-engineered by the inexperienced SCE in-house engineers and manufactured at the direction of a
complacent Mitsubishi Heavy Industries. Southern Californians were very lucky, because a potentially
serious nuclear accident in progress was stopped by an emergency shut down of Unit 3. When tested later,
in March 2012, eight (8) steam generator tubes (wear range 72-100%, length of wear 23-34 inches) in the
newly replaced San Onofre Unit 3 RSGs E-088 failed "in-situ" pressure testing and therefore were
plugged, after only 11 months of operation! After that, several hundred additional Alloy 690 Thermally
Treated tubes were also plugged due to tube-to-tube wear. SCE intentionally failed to disclose to the
public that one Unit 2 tube had been in service, despite having 90% through wall wear (due to a MHI
Manufacturing retainer bar defect), which far exceeds its 35% wear safety limitation. Southern
Californians were once again very lucky that a serious nuclear accident was prevented by a planned
refueling shut down. Note: SONGS RSG's now have more damaged and/or plugged tubes than all the rest
of the US reactor fleet combined. Based on analysis of NRC AIT Report and SONGS Procedures,
Operational Data, Plant Daily Briefing Sheets, Engineering Calculations and conversations with Plant
Personnel, the DAB Safety Team disagrees with SCE and confirms Westinghouse Operational
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Assessment conclusions that fluid elastic instability did not occur in Unit 2 Steam Generator E-089.
Discussions with two of the NRC Panel Members gives us the perception that the NRC panel Members
disagree amongst themselves and also with SCE on the effect of operational parameters on fluid elastic
instability in Unit 2 Steam Generator E-089.

NRC in Bulletin 88-02 stated, "On July 15, 1987, a steam generator tube rupture event occurred at North
Anna On July 15, 1987, a steam generator tube rupture event occurred at North Anna Unit 1 shortly after
the unit reached 100% power. The rupture extended circumferentially 3600 around the tube. The cause of
the tube rupture has been determined to be high cycle fatigue. The source of the loads is believed to be a
combination of a mean stress level in the tube and a superimposed alternating stress. The specific
mechanism for the flow-induced vibration has been determined to be a fluid-elastic instability. The fluid-
elastic mechanism has a significant effect on tube response in cases where the fluid-elastic stability ratio
equals or exceeds 1.0. The most significant contributors to the occurrence of a high fluid-elastic stability
ratio are believed to have been (1) a reduction in damping at the tube-to-tube support plate intersection
caused by denting and (2) locally high flow velocities caused by non-uniform anti-vibration bar (AVB)
penetrations into the tube bundle.

Mihama Nuclear Accident: On February 9th, 1991, a heat transfer tube (SG tube) in a steam generator of
the No.2 pressurized water reactor at the Mihama nuclear power station of the Kansai Electric Power
Company broke off during a rated output operation. As a result, about 55 tons of primary cooling water
leaked out from the SG tube into the secondary cooling loop, and the reactor was scrammed by operation
of the ECCS (Emergency Core Cooling System). The failure of the SG tube was caused by fretting fatigue
resulting from contact of the SG tube with the supporting plate for the SG tubes, because the AVB, which
functions to prevent flow-induced vibration, was not inserted deep enough onto the SG tubes in the steam
generator. The scale of the accident was ranked "level 3" on the international nuclear events scale (INES).
A discriminate equation describing the generation of flow-induced vibrations (fluid elastic instability) for
SG tubes was suggested based on a maintenance standard of the Japan Society of Mechanical Engineers,
as follows. SR = Ue/Uc<I, Where SR is the discriminate value, Ue is the effective velocity, and Uc is the
critical velocity.

MHI in Unit 2 Confirmatory Action Letter, Attachment 4 states, "MHI investigated field experience
with U-bend tube degradation using INPO, NRC and NPE data bases, and concluded that tube wear in the
operating U-tube SGs was mostly being caused by out-of-plane tube motion. Consistent with this and
Reference 7 (JSME, S016-2002, Guideline for Fluid-elastic Vibration Evaluation of U-bend Tube in SG,
March 2002), only out-of-plane vibration of the SG U-tubes was evaluated because tube U-bend natural
frequency in the out-of-plane direction is lower than natural frequency in the in-plane direction and out-of-
plane vibration is more likely to occur than in-plane vibration. No SG problems stemming from in-plane
tube motion were identified by MHI and thus MHI concluded that the design and fabrication processes
described above were sufficient for minimizing tube wear in the SONGS RSGs."

SONG Root Cause Evaluation (RCE) states, "A search for related internal and external Operating
Experience (OE) was performed by the RCE Team using the SONGS OE - Operating Experience (TOPIC
Information Server) search database. Other search databases that were used for the OE search included:
SONGS SAP/ActionWay, the INPO (IERs and SOERs) website, and the NRC website. The search
encompassed a review of events over the past eight (8) years using the following key words and
combinations of key words, such as: "steam generator, replacement steam generator, new steam generator,
tube wear, tube leak, tube-to-tube, retainer bar, retaining bar, anti-vibration bar, wear, fluid elastic
instability and flow induced vibration." Thus, there was no missed opportunity for SONGS to identify and
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address the potential for these types of wear in the new SGs. In summary, although tube-to-tube wear had
occurred in the industry in the past, it was not comparable in magnitude to that experienced at SONGS.

The NRC Chairman has stated that SCE is responsible for the work of its vendors and contractors.
Westinghouse states, "There are several potential manufacturing considerations associated with review of
the design drawings based on Westinghouse experience. The first two are related to increased proximity
potential that is likely associated with the ECT evidence for proximity. Two others are associated with the
AVB configuration and the additional orthogonal support structure that can interact with the first two
during manufacturing. Another relates to AVB fabrication tolerances. Westinghouse states that none of the
MHI fabrication issues were extensively analyzed in the SCE root cause evaluation." It is the DAB Safety
Team's opinion that SCE claims that insufficient contact forces in Unit 3 Tube-to-AVB Gaps ALONE
caused tube "to" tube wear are misleading, erroneous and designed to put the blame on MHI for purposes
of making SCE look good in the public's eyes and for collecting insurance money from MHI's
manufacturing so called defects.

Unit 2 inspections reveal that there are numerous U-bends in both RSGs with tube-to-tube clearances as
small as 0.05 inches (SONGS RSGs Design 0.25 inches, Industry NORM 0.35-0.55 inches). SCE VP
Engineering Tom Palmisano states, "To figure out how it would be safe to restart Unit 2, Edison,
Mitsubishi and other independent consultants used a better formula developed by the Electric Power
Research Institute. Independent consultants - including Mitsubishi competitors Areva, Westinghouse and
B&W Canada - also used the better formula and found that it would have predicted the kind of problems
San Onofre experienced if Mitsubishi had used it during the manufacturing. It follows, that this formula
can predict accurately safe operating parameters for Unit 2, which include operating it at 70 percent power
for 5 months with certain tubes plugged and taken out of service, as has been done. Westinghouse states,
"For ATHOS simulations, each half of the steam generator, Columns 1 through 89 and 89 through 177 are
modeled separately to capture the effects of asymmetric tube plugging. The primary and the secondary
side operating conditions and properties for both halves are assumed to be the same." Mock-up testing or
laboratory validation of simulation of thermal-hydraulic conditions using Close Circuit Detection cameras
to identify the effects of extremely low tube clearances, natural frequencies of individual damaged "in-
service" plugged and or stabilized tubes inside SONGS Unit 2 RSG's under MSLB, other anticipated
operational occurrences and transient conditions (complete uncovery of U-Tube Bundle, 100% void
fraction meaning "Zero" Water Conditions) has not even been performed. The SCE claims about the
accuracy of thermal-hydraulic computer modeling for 70% power conditions are based on bulk fluid
behavior. Since fluid elastic instability is based on highly localized dry outs occurring in certain high wear
regions of the U-tube bundle due to low tube clearances and hot leg side hot flux, SCE's claims are
erroneous, plus their blaming MHI's Thermal-Hydraulic Computer Modeling for all past errors is
misleading and is designed to absolve SCE of all their mistakes by putting the blame on MHI for the
purpose of collecting insurance money due to "outdated" computer codes.

Unit 2 now has hundreds of times more bad tubes and a thousand times more indications of wear on its
tubes than the typical reactor in the country with a new steam generator, and nearly five times as many
plugged tubes as the rest of the replacement steam generators, over a comparable operating period, in the
country combined. Therefore, the restart of Unit 2 with thousands of degraded tubes present a formidable
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challenge to the safe restart of Unit 2 plan by making it highly vulnerable to localized steam dry-outs,
100% void fractions, fluid elastic instability, flow-induced random vibrations, cascading tube ruptures
during unanticipated operational occurrences and or Main Steam Line Breaks. In short, SCE is trying to
Restart Unit 2's Degraded RSG's, which are outside the NORM of the NRC Regulations.

Nothing mentioned here about the single tube that was discovered with 90% wear which exceeded the
35% limitation, because of the leaking tube in Unit3! Why was this not included in all the reports?

According to a conversation with one of the NRC Panel members, Senators Barbara Boxer and Diane
Feinstein have told the NRC that they are both in favor of Replacement or Adequate Inspections and
Repairs of SONGS RSGs with a 50.90 thorough NRC License Amendment Process along with
Evidentiary Public Hearings.

According to public sources, Pete Dietrich has already announced in internal SONGS staff meetings that
Unit 2 will tentatively restart in February 2013. If confirmed, this is stunning news for the public and
gives the clear perception of collusion between NRC and SCE. Remember, TEPCO's reported collusion
with Japanese Regulators resulted in Fukushima's Catastrophic Nuclear Accident resulting in a Trillion
Dollar Japanese economic, public health and safety radiation nightmare and an environmental disaster).
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PART 7 - DAB SAFETY TEAM IMPRESSIONS AND CONCLUSIONS

* What went wrong with SONGS RSG's, which are now the worst in the US
Operating Nuclear Fleet (Non-Technical Background):

SCE engineering team in a rush to make profits for SCE Officers and Shareholders ignored:

(a) CPUC advice on applying to NRC for increased plugging limit to extend the life of Original Steam
Generators,

(b) SDG&E's opposition to the wisdom and viability of the RSG Project.

SCE did a very poor job of Benchmarking:

(a) Especially of PVNGS on the new fabrication techniques and designs to prevent the adverse effects
of FEI and FIRV,

(b) Did not keep up with the research of World's Foremost Expert and Academic Scholars to prevent
the adverse effects of FEI and FIRV.

SCE prepared a defective 10 CFR 50.59 Evaluation and made numerous untested and unanalyzed design
changes under the pretense of like-for-like to avoid lengthy and evidentiary public hearings and thorough
NRC 50.90 Amendment.

* The World's Foremost Experts and Scholars: RSG design theory used to
prevent FEI and Excessive FIRV (Highly Technical Background):

Review of Academic Literature: Based on the review of Academic Literature, DAB Safety Team provides
the following examples where Researchers discussed and warned about the adverse effects of fluid elastic
instability in nuclear steam generators:

" In 1970's in a paper, the World's Foremost Renowned Professeur Titulaire, Michel J. Pettigrew, Ecole
Polytechnique de Montreal, on the subject of fluid elastic instability (FEI) and flow-induced random
vibrations (FIRV) stated, "It is concluded that, although there are still areas of uncertainty, most flow-
induced vibration problems can be avoided provided that nuclear components are properly analyzed at
the design stage and that the analyses are supported by adequate testing and development work when
required. There has been no case yet where vibration considerations have seriously constrained the
designer."

" In 1983, Weaver and Schneider stated, "The effect of flat bar supports with small clearance is to act as
apparent nodal points for flow-induced tube response. They not only prevented the out-of-plane mode
as expected but also the in-plane modes. No in-plane instabilities were observed, even when the flow
velocity was increased to three times that expected to cause instability in the apparently unsupported
first in-plane mode."
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" In 2001, M. K. Au-Yang published a book and states, "In-plane modes that have never been observed
to be unstable even though the computed fluid-elastic stability margins are well below 1. The fluid-
elastic stability margin, FSM, is the inverse of the stability ratio, SR*. An FSM well below 1 means an
SR well above 1 and well into the unstable range."

" In 2003, Ivan Catton, Pierangelo Adinolfi and Omar Alquaddoomi in a paper presented in
International Conference "Nuclear Energy for New Europe 2003" stated, "Fluid-elastic instability
(FEI) in tube bundle heat exchangers was studied experimentally. The motion of an array of 15
stainless steel vibrating tubes (L] 25.4mm) in water cross-flow, suspended using stainless steel piano
wire has been recorded with a CCD camera. The individual motion and relative motion of the tubes
are reported and can be used for computational model validation. The relative displacement of the
tubes allows identification of the most potentially damaging patterns of tube bundle vibration. A
critical reduced velocity may be determined by specification of an allowable limit on tube motion
amplitude."

" In a 2003 Paper, Deepanjan Mitra, Vijay K. Dhir, and Ivan Catton state," Fluid-elastic instability has
been recognized as a major cause of failure in shell-and-tube-type heat exchangers due to tube repairs
and plant downtime. Since this phenomenon was identified in the early 1970's, a large amount of work
has been carried out to understand the phenomenon through systematic experiments and physical
modeling. It is found that the onset of instability is governed by parameters such as flow velocity,
natural frequency, tube diameter, tube mass per unit length, damping ratio and fluid density."

*Stability ratio is defined as the ratio of the effective flow velocity to which the tube is subjected to the
critical velocity. Critical velocity is the velocity at which the tube, with specific geometry and support
conditions, becomes unstable. Stability ratios less than 1.0 represent a stable condition where the actual
velocity is less than the critical velocity; stability ratios greater than 1.0 represent an unstable condition
where the actual velocity exceeds the critical velocity.
* In 2005, Janzen, Hagburg, Pettigrew and Taylor reported in-plane instability. The abstract to their

paper states, "For the first time in a U-bend tube bundle with liquid or two-phase flow, instability was
observed in both the out-of-plane and in-plane direction."

" In 2006, one Masters Research Student R. Viollette in a research paper states, "FEI is the most
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important vibration excitation mechanism for heat exchanger, or steam generator type of tube bundles.
It is so because of the very high vibrations amplitude that it can induce to the tubes, which can lead to
rapid failure by fatigue or wear. Also, unlike vibrations induced by vortex shedding (vortex-induced
vibrations), FEI is not a self-limiting phenomenon: amplitude of vibrations does continue to increase
with velocity past the critical onset of the instability."

NRC Comments: Greg Werner, who headed the federal team, said 'Changes intended to improve
manufacturing were never thoroughly reviewed in the context of the generator design, resulting in
weaker support around bundles of tubes that contributed to vibration, he said. The disclosure will rivet
new attention on a series of alterations to the equipment design, including the decision to add 400
tubes to each generator and installing V-shaped supports that were intended to minimize tube wear and
vibration. The generators were designed to meet a federal test to qualify as "in-kind," or essentially
identical, replacements for the original generators, which would allow them to be installed without
prior approval from federal regulators. The agency is reviewing how that was handled. Inside the guts
of the machinery, the original steam generators and the replacements "look substantially different,"
Collins said [Source: AP News].

The DAB Safety Team agrees with Fairewinds Associates comments: If Edison had informed the
NRC that the new steam generators were not like-for-like, the more thorough NRC licensing review
process would have likely identified the design problems before the steam generators were
manufactured. The unauthorized and untested design changes made by SCE Engineers to extract more
juice (heat) and make money for SCE shareholders out of the RSGs (1729 MWt) compared with the
OSG's (1705MWt) destroyed in the Brand New 580 million RSGs. [Please see DAB Safety Team
Papers, "The Big Number 1 Attachment Notes" & "Press Release 12-11-28 SONGS Insider Secret)

Westinghouse/Combustion Engineering RSGs design to prevent FEI: Based on NUREG-1841
published in August 2007, "U.S. Operating Experience With Thermally Treated Alloy 690 Steam
Generator Tubes", DAB Safety Team provides the following examples where Westinghouse and
Combustion Engineering designed replacement steam generators to prevent the adverse effects of fluid
elastic instability:

Palo Verde 2 has two recirculating steam generators designed by Combustion Engineering and
fabricated by Ansaldo Energia. The steam generators were put into service in 2003 during RFO 11.
The upper tube bundle support system (1) supports the horizontal tube spans against high velocity,
two-phase cross flow, (2) permits an expanded vertical tube pitch (from 1.0 inch to 1.75 inches) so as
to promote free flow through the bend region and prevent low-flow dry-out regions, and (3) supports
the upper tube bundle via structural beams against postulated accident condition loads, seismic loads,
transportation loads, and dead weight. The U-bend support structure for the replacement steam
generator differs from the original design in that it includes welded connections between the vertical
grids and the diagonal (batwing) supports. Other features of the U-bend support system are that the
batwings bisect the 90-degree bends, the bend region supports are perforated and narrower than the
original design, and the bend region supports have ventilation holes. These changes in design improve
the thermal/hydraulic conditions in the upper bundle region, preventing crevice dry-out and reducing
secondary-side fouling, as well as addressing tube-wear phenomena observed in the original steam
generator. The diagonal strips (batwings) are located at every row and are designed to prevent out-of-
plane deflection and thus preclude the deflection amplitude required for fatigue. The replacement
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steam generator design has an increased circulation ratio when compared to the original steam
generator.

" South Texas Project 2 has four recirculating steam generators designed by Westinghouse and
fabricated by ENSA. The model Delta 94 steam generators were put into service in 2002 during RFO
9.The steam generators has an advanced minimum gap U-bend support structure and wider bars. The
AVB assemblies within each set are installed at staggered depths to limit the pressure drop in the U-
bend region so as to increase the circulation ratio and reduce the potential for steam blanketing.

" Sequoyah 1 has four recirculating steam generators designed by Combustion Engineering and
fabricated by Doosan in Korea. The model 57AG steam generators were put into service in 2003.The
upper bundle support system is arranged to meet the design limits established for fluid elastic
instability and response to turbulence.

Why Fluid Elastic Instability caused unprecedented tube-to-tube wear in Unit 3 RSG's

SONGS RSGs were not designed for in-plane protection from FEI: After two decades of operation of
the original SONGS steam generators (OSGs), it became evident to Edison Engineers that the steam
generator tubes, made predominantly of Alloy 600, were susceptible to primary water stress corrosion
cracking (PWSSC). This corrosion mechanism resulted in tube degradation necessitating plugging large
numbers of tubes after each inspection of the tubing. In addition, the SONGS OSG design had shown to
be susceptible to tube through-wall wear and severe corrosion of the tube supports. It became evident that
the OSGs would have to be replaced much sooner than stipulated by their design service life. Continuing
to operate with highly degraded steam generators involved substantial economic losses from forced
outages and extended refueling outages, as well as the direct costs Of inspections and repairs. The
financial considerations and mounting losses prompted Edison to make a rash decision despite objection
by San Diego Gas & Electric to replace the SONGS OSGs in both Units as soon as possible. The contract
for fabrication and delivery of the replacement steam generators (RSGs) was awarded to Mitsubishi
Heavy Industries Ltd. (MHI). As designed and specified by Edison, the RSGs were supposed to be a
replacement in-kind for the OSGs in terms of form, fit and function. At the same time, however, the RSG
specification included many new requirements derived from both industry and SONGS operating
experience, and the requirement to use the best and most suitable materials of construction. These
requirements were aimed at improving the RSG longevity, reliability, performance and maintainability.
Also, the Edison design specifications called for very tight fabrication tolerances of the components and
sub-assemblies, especially the tube-sheet and the tube U-bend support structure. In addition, SONGS
steam generators are among the largest in the industry, which called for innovative design solutions and
improved fabrication processes when working on the RSGs. Rather than simply rebuild the steam
generators to their original design specifications, Edison decided to extensively modify the original San
Onofre steam generator design for producing more heat than the "Industry NORM", thereby, to produce
more electricity and make more money for Edison. Furthermore, none of the design modifications, except
change of tube alloy material, were necessary for operation of either San Onofre Unit 2 or 3. These
numerous and untested changes in fact were added by Edison without adequate consideration for their
impact upon the reliability and safety of the RSGs and the reactor. SONGS RSGs tubes were designed by
SCE with very close spacing and hundreds of additional tubes to generate more heat compared with the
original steam generators in a "hush-hush" manner without formal NRC Approval and Public Hearings as
required by Federal laws. Furthermore the design and manufacturing were done without the use of
"critical questioning and investigative attitude", "solid teamwork & alignment" and "prudent industry and
academic research benchmarking." The entire process was performed in a rush without proper
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consideration for adequately protecting the health and safety of the public in case of a potential nuclear
accident.

Low Steam Generator Pressures (<850 psi), high reactor thermal power (high two-phase steam water
mixture flows) cause high fluid gap velocities in the in-plane direction (due to low tube-to-tube clearances,
SONGS Design- 0.250, Some As Found - 0.050 inches, Westinghouse Plant, Typical 0.35-0.50 inches,
MHI Fort Calhoun Design - 0.38-0.54 inches). These high fluid effective velocities (Ue), when exceed
the critical fluid velocities (Uc) cause the Stability Ratio (SR = Ue/Uc) to be greater than the value of 1, a
discriminate value based on the maintenance standard of the Japan Society of Mechanical Engineers. SR
>1 causes the onset of FEI and Excessive FIRVs At the onset of FEI, U-tube bundle tubes vibrate with
very large amplitudes in the in-plane directions Extremely hot and vibrating tubes need a little amount of
water (aka damping, 1.5% water, steam-water mixture vapor Fraction <98.5%) to dissipate their energy
and start their return journey to their original in-plane design position. Due to extremely low tube
clearances and the hottest regions (aka super heat two-phase mist region) in the hot-leg side area of the
steam generator U-tube Bundle, high localized or steam dry-out areas develop (Vapor fraction >99.5%).
When this happens, the extremely hot and vibrating tubes cannot dissipate their energy and return to their
original in-plane design position. In effect, one unstable tube drives its neighbor to instability through
repeated violent and turbulent impact events which causes tube leakage, tube failures at MSLB test
conditions and or unprecedented tube-tube wear, Tube-to-AVB/Tube Support Plates wear, as we saw in
SONGS Unit 3. So in review, at the onset of FEI, the Unit 2 U-tubes which form the U-tube bundles
vibrate with very large amplitudes in the in-plane directions and literally hit other the tubes with repeated
and violent impacts, which can lead to rapid U-tube failure from fatigue or tube-to-tube wear as seen in
SONGS, Unit 3 RSG's.

Retainer Bar Wear: Also adding to the unusual amount of tube wear were components situated among
the steam generator tubes' U-bends, called retainer bars. Palmisano said these bars serve no function
during normal operations but are necessary during the manufacturing process. In San Onofre's Mitsubishi
generators, newly installed in the last few years, half the retainer bars were thinner than the manufacturers
had used in the past, leading to increased vibration, or "fluttering," Palmisano said.

Squeeze Film Damping: Another factor in the tube wear that caused the shutdown was a phenomenon
called "squeeze film damping," specifically the lack of it. Squeeze film damping refers to the tendency of
the steam inside the generators to create a film of water between the heat exchange tubes and the support
structures, Palmisano said. That film is enough to help keep the tubes from vibrating against the support
structures, he saidI In the San Onofre generators - at least, in Unit 3 - some patches of steam that had
boiled up into the turbine had way less moisture than other patches, meaning the crucial water film was
non-existent, leaving the tubes to vibrate against support structures freely, Palmisano said.

In Fairewinds opinion, "The vibration between the tubes caused the steam.generator leaks and
degradation uncovered in January 2012 and was due to the simultaneous implementation of numerous
unreviewed fabrication and design changes to the replacement steam generators by Edison/MHI. Almost
all of these changes were avoidable if San Onofre's management had not made the decision to cram an
additional 377 unnecessary tubes into each steam generator. This Edison decision made seven years earlier
was not in the best interests the San Onofre Units and costs to implement these unreviewed changes were
not prudent. Fairewinds believes that if the original steam generators had been replaced with duplicates
(like for- like) with the only significant change that of the tube alloy composition from.Inconel 600 to 690,
it is most likely that the San Onofre steam generators would have continued to operate successfully well
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beyond the 40-year license for either Unit. However, the extensive unreviewed design and fabrication
changes implemented by EdisoniMHI to the new San Onofre steam generators are hardly a like-for-like
change. While Mitsubishi Heavy Industry has been supplying steam generators for many years in Japan, it
did so under a specific license from Westinghouse for Westinghouse nuclear reactors. Although
Mitsubishi made several incremental changes to the Westinghouse design, such as switching to alloy 690
tubing and the use of stainless steel broached plate tube supports, Mitsubishi has had very little experience
with the tight tube pitch and the egg crate design used in the original Combustion Engineering (CE) design
for San Onofre. The original steam generators designed and manufactured by CE for San Onofre were
successfully operated 28 years. Moreover the original steam generators had a triangular tube pitch pattern,
very closely packed U-tubes, and unique egg-crate tube supports that kept the tubes from vibrating and
colliding. The pitch to diameter ratio of tubes in the original CE generators is dramatically different from
any of the Westinghouse generators fabricated by Mitsubishi. As water moves vertically up in a steam
generator, the water content reduces as more steam is created. When the volume of steam is much greater
than water then the flow resistance of the water/steam mixture passing through the tube supports accounts
for one third of the total resistance at the top of the steam generator. Therefore to avoid vibration at the top
of the tubes, Mitsubishi needed to specifically analyze the type of tube support to use in this unique
application. El El The flow resistance of the Mitsubishi broached plate is much higher than that of the
original Combustion Engineering egg crate design because the tubes are so tightly packed in the original
CE San Onofre steam generators. By reviewing the documents thus far produced, it appears that due to
Mitsubishi's fabrication experience with broached plates, both Edison and Mitsubishi missed this key
difference in the design and fabrication of the new San Onofre steam generators. ED LNot only is
Mitsubishi unfamiliar with the tightly packed CE design, but Edison's engineers added so many untested
variables to the new fabrication that this new design had a significantly increased risk of failure. As a
result of the very tight pitch to diameter ratios used in the original CE steam generators, Mitsubishi
fabricated a broached plate design that allows almost no water to reach the top of the steam
generator. LI LI The maximum quality of the water/steam mixture at the top of the steam generator in the U-
Bend region should be approximately 40 to 50 percent, i.e. half water and half steam. With the Mitsubishi
design the top of the U-tubes are almost dry in some regions. Without liquid in the mixture, there is no
damping against vibration, and therefore a severe fluid-elastic instability developed. LI El Because of the
Edison/Mitsubishi steam generator changes, the top of the new steam generator is starved for water
therefore making tube vibration inevitable. Furthermore, the problem appears to be exacerbated by
Mitsubishi's three-dimensional thermal-hydraulic analysis determining how the steam and water mix at
the top of the tubes that has been benchmarked against the Westinghouse design but not the original CE
design. LI LIThe real problem in the replacement steam generators at San Onofre is that too much steam and
too little water is causing the tubes to vibrate violently in the U-bend region. The tubes are quickly
wearing themselves thin enough to completely fail pressure testing. Even if the new tubes are actively not
leaking or have not ruptured, the tubes in the Mitsubishi fabrication are at risk of bursting in a main steam
line accident scenario and spewing radiation into the air."

Westinghouse - Why in-plane FEI did not occurred in SONG Unit 2 RSG E-089
See http://www.sonqscommunity.com/docs/cal/Attachment-6d.pdf for details

Erroneous SCE claim that it was insufficient contact forces ALONE that caused FEI in Unit 3
Tube-to-AVB Gaps

MHI states, "By design, U-bend support in the in-plane direction was not provided for the SONGS SG's".
In the design stage, MHI considered that the tube U-bend support in the out-of-plane direction designed
for "zero" tube-to-AVB gap in hot condition was sufficient to prevent the tube from becoming fluid-
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elastic unstable during operation based on the MHI experiences and contemporary practice. MHI
postulated that a "zero" gap in the hot condition does not necessarily ensure that the support is active and
that contact force between the tube and the AVB is required for the support to be considered active. The
most likely cause of the observed tube-to-tube wear is multiple consecutive AVB supports becoming
inactive during operation. This is attributed to redistribution of the tube-to-AVB-gaps under the fluid
hydrodynamic pressure exerted on the tubes during operation. This phenomenon is called by MHI, "tube
bundle flowering" and is postulated to result in a spreading of the tube U-bends in the out-of-plane
direction to varying degrees based on their location in the tube bundle (the hydrodynamic pressure varies
within the U bend). This tube U-bend spreading causes an increase of the tube-to-AVB gap sizes, and
decrease of tube-to-AVB contact forces rendering the AVB supports inactive and potentially significantly
contributing to tube FEI. Observations Common to BOTH Unit-2 and Unit-3: The AVBs, end caps, and
retainer bars were manufactured according to the design. It was confirmed that there were no significant
gaps between the AVBs and tubes, which might have contributed to excessive tube vibration because the
AVBs appear to be virtually in contact with tubes. MHI states, "The higher than typical void fraction is a
result of a very large and tightly packed tube bundle, particularly in the U-bend, with high heat flux in the
hot leg side. Because this high void fraction is a potentially major cause of the tube FEI, and
consequently unexpected tube wear (as it affects both the flow velocity and the damping factors)."

AREVA states, "At 100% power, the thermal-hydraulic conditions in the U-bend region of the SONGS
replacement steam generators exceeded the past successful operational envelope for U-bend nuclear steam
generators based on presently available data. The primary source of tube-to-AVB contact forces is the
restraint provided by the retaining bars and bridges, reacting against the component dimensional
dispersion of the tubes and AVBs. Contact forces are available for both cold and hot conditions. Contact
forces significantly increase at normal operating temperature and pressure due to diametric expansion of
the tubes and thermal growth of the AVBs. After fluid elastic instability develops, the amplitude of in-
plane motion continuously increases and the forces needed to prevent in-plane motion at any given AVB
location become relatively large. Hence shortly after instability occurs, U-bends begin to swing in Mode 1
and overcome hindrance at any AVB location."

Westinghouse states, "Test data shows that the onset of IP vibration requires much higher velocities than
the onset of out-of-plane (OP) fluid-elastic excitation. Hence, a tube that may vibrate in-plane (IP) would
definitely be unstable OP. A small AVB gap that would be considered active in the OP mode would also
be active in the IP mode because the small gap will prevent significant in-plane motion due to lack of
clearance (gap) for the combined OP and IP motions. Thus, a contact force is not required to prevent
significant IP motion. Manufacturing Considerations: There are several potential manufacturing
considerations associated with review of the design drawings based on Westinghouse experience. The first
two are related to increased proximity potential that is likely associated with the ECT evidence for
proximity. Two others are associated with the AVB configuration and the additional orthogonal support
structure that can interact with the first two during manufacturing. Another relates to AVB fabrication
tolerances. These potential issues include: (1) The smaller nominal in-plane spacing between large radius
U-bend tubes than comparable Westinghouse experience, (2) The much larger relative shrinkage of two
sides (cold leg and hot leg) of each tube that can occur within the tubesheet drilling tolerances.
Differences in axial shrinkage of tube legs can change the shape of the U-bends and reduce in-plane
clearances between tubes from what was installed prior to hydraulic expansion, (3) The potential for the
ends of the lateral sets of AVBs (designated as side narrow and side wide on the Design Anti-Vibration
Bar Assembly Drawing that are attached to the AVB support structure on the sides of the tube bundle to
become displaced from their intended positions during lower shell assembly rotation, (4) The potential for
the 13 orthogonal bridge structure segments that are welded to the ends of AVB end cap extensions to
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produce reactions inside the bundle due to weld shrinkage and added weight during bundle rotation, and
(5) Control of AVB fabrication tolerances sufficient to avoid undesirable interactions within the bundle. If
AVBs are not flat with no twist in the unrestrained state they can tend to spread tube columns and
introduce unexpected gaps greater than nominal inside the bundle away from the fixed weld spacing. The
weight of the additional support structure after installation could accentuate any of the above potential
issues. There is insufficient evidence to conclude that any of the listed potential issues are directly
responsible for the unexpected tube wear, but these issues could all lead to unexpected tube/AVB fit-up
conditions that would support the amplitude limited fluid-elastic vibration mechanism. None were
extensively treated in the SCE root cause evaluation."

SCE claims, "The facts identified in this analysis indicate that even though the Unit 3 tube bundle
components (tubes and AVBs) might have been fabricated and assembled better, the tube "to" AVB gaps"
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 3RSGs
than the Unit 2 RSG's. This might have resulted in reduction of the tube" to" AVB contact force and
consequently in multiple consecutive AVB supports being inactive. Inactive tube support might have
resulted in "tube-to-tube" wear.

The DAB Safety Team concludes that SONGS Unit 3 RSG's were operating outside SONGS
Technical Specification Limits for Reactor Thermal Power and Current Licensing Basis for Design
Basis Accident Conditions. The DAB Safety Team further agrees with MHI that high steam flows and
cross-flow velocities combined with narrow tube pitch-to-diameter ratio caused elastic deformation of the
U-tube bundle from the beginning of the Unit 3 cycle, which initiated the process of tube-to-AVB wear
and insufficient contact forces between tubes and AVBs. Tube bundle distortion is considered a major
contributing cause to the mechanism of tube-to-tube/AVB/TSP wear seen in the Unit 3 SG's. After 11
months of wear, contact forces were virtually eliminated between the tube and AVBs in the areas of
highest area of Unit 3 wear as confirmed by ECT and visual inspections. Therefore, based on a review of
MHI, AREVA and Westinghouse documents, the DAB Safety Team concludes that FEI and MHI
Flowering effect redistributed the tube-to-AVB gaps in Unit 3 RSG's. It is the DAB Safety Team's
opinion that SCE claims that insufficient contact forces in Unit 3 Tube-to-AVB Gaps ALONE caused tube
"to" tube wear are misleading, erroneous and designed to put the blame on MHI for purposes of making
SCE look good in the public's eyes and for collecting insurance money from MHI's manufacturing so
called defects.

Irresponsible SCE claim that SONGS Unit 3 Damage (FEI) was caused due to outdated MHI
Thermal-Hydraulic Computer Models

NRC Chairman stated that SCE is responsible for work of its vendors and contractors. According to NRC,
SONGS did not specify the value of FEI in its Design and Performance Specifications S023-617-1. MHI
states, "The major concern with the large U-tube SGs is their propensity for tube wear in the tube bundle
U-bend region. Consequently, minimizing tube wear was given the first priority in the SONGS RSG
specification, design and fabrication, and the tube support design and fabrication was discussed by MHI
and SCE in numerous design review meetings. The major concern with the large U-tube SGs is their
propensity for tube wear in the tube bundle U-bend region. A SCE Engineer along with a MHI Technical
Specialist claims in a joint paper published in an International Magazine, "SONGS steam generators are
one of the largest in the industry, which called for innovative design solutions and improved fabrication
processes when working on the RSGs. Conceivably, the MHI and Edison project teams faced many tough
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challenges throughout the entire project in the design, manufacturing and QC areas, when striving to meet
the specification requirements. Both teams jointly tackled all these challenges in an effective and timely
manner. At the end, MHI delivered the RSGs, which incorporated all the latest improvements found
throughout the industry, as well as innovative solutions specific to the SONGS RSGs. In Unit 2, the RSGs
were installed and tested in 2009/10 and in Unit 3 in 2010/11. The RSG post-installation test results met or
exceeded the test acceptance criteria for all specified test parameters, thus properly rewarding the effort
put into their fabrication."

SCE's invalidated claims of "Improved Computer Mathematical Models": The real crux of the
problem with the San Onofre Generators, Palmisano said, was the outdated mathematical model
Mitsubishi used. There were mistakes in the parameters concerning the arrangement of the heat transfer
tubes, Palmisano said. Mitsubishi typically makes generators with tube arrangements in a different shape
than the tube arrangements in the San Onofre generators. Because of this, Mitsubishi engineers had to
plug in a different batch of numbers to their equation - numbers that proved to be wrong, Palmisano said.
The older formula also included mistaken assumptions about the nature of fluid elastic instability,
Palmisano said, leading to a drastic underestimation of the amount of heat and pressure that would run
through the tubes, and in turn, leading to the unprecedented vibration. To figure out how it would be safe
to restart Unit 2, Edison, Mitsubishi and other independent consultants used a better formula developed by
the Electric Power Research Institute. Independent consultants - including Mitsubishi competitors
AREVA, Westinghouse and B&W Canada - also used the better formula and found that it would have
predicted the kind of problems San Onofre experienced if Mitsubishi had used it during the manufacturing.
It follows, Palmisano said, that this formula can predict accurately safe operating parameters for Unit 2,
which include operating it at 70 percent power for 5 months with certain tubes plugged and taken out of
service, as has been done. Fluid elastic instability is difficult to model using computer simulations for two-
phase flow heterogeneous mixtures. Fluid-elastic instability (FEI) in nuclear steam generator u-tube
bundles has to be studied experimentally such as inside the SONGS Unit 2 "as-designed and degraded
condition" prior to even asking NRC's permission for plant restart. The simulation of motion of vibrating
tubes for FEI for computer modeling must be validated using a CCD camera. The relative displacement of
the tubes using a CCD camera under high void fractions would allow identification of the most potentially
damaging patterns of tube bundle vibration. A critical reduced velocity may be determined by
specification of an allowable limit on tube motion amplitude. Measurements should be made for
extremely low tube clearances, natural frequencies of damaged "in-service", plugged and stabilized tubes
such as SONGS Unit 2 RSGs under MSLB, other anticipated operational occurrences and transient
conditions (complete uncovery of U-Tube Bundle, 100% void fraction meaning "Zero Water Conditions."

Therefore, the DAB Safety Team concludes that SCE claims as stated above are really not factual. SCE
engineers did not check the work of MHI with a critical and questioning attitude and did not meet the
1OCFR50, Appendix B, Quality assurance Standards and or NRC Regulations.

The Final Question - Is Unit 2 Safe at 70% power for 5 month of operation - The Answer is NO

As DAB Safety Team have shown you (Based on the PVNGS Design and Academic Research Papers
dating back 40 years) that higher steam pressures, low reactor thermal power, in-plane FEI protection,
prevention of higher fluid velocities and adequate tube clearances are crucial to prevent the formation of
localized steam dry-outs or regions of lower steam void fractions (<98.5%). In SONGs Unit 2 "As-
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Designed and Defective RSGs", preventing formation of regions of higher steam void fractions (Vapor
Fractions >98.5%) and determination of adequate tube clearances are the most fundamental and important
design and operational parameters to prevent Fluid Elastic Instability (FEI) and flow-induced random
vibrations. Higher steam void fractions also increase the effective steam-water mixture gap velocity,
cross-flow fluid velocity, hydrodynamic pressures and decreases the damping capability of the anti-
vibration structure.

SONGS RSGs have no in-plane design FEI protection, extremely low tube clearances (some as low as
0.050 inches, Industry NORM - 0.35-0.55 inches), thousands of worn and fatigued tubes and a degraded
AVB Structure. To save money and time, SCE in their rush to Restart Unit 2, has not inspected thousands
of Unit 2 Steam Generator tubes with T/R single-pass array probes, laser-scanned penetrant inspection and
ultrasonic detection technologies to accurately determine the depth, extent and location of these internal
cracks at the U-bends and tube-support intersections and the clearances between these tubes. Furthermore,
SCE has not made use of the world's best remote video-inspection technology (which is not available in-
house to, AREVA, Edison and MHI). In order to cut their costs and save time and choosing not to use this
advanced technology using the most accurate remote visual and mechanical inspection techniques, Edison
does not want to disclose to the public all the damage to the Unit 2 RSG tube bundles, the AVB structure
and tube support plates. Fairewinds states, "A complete chemical analysis of a selection of individual
tubes in each of the San Onofre reactors, conducted either by Southern California Edison or an
independent outside team of consultants, is the only accurate engineering method available to ascertain if
the tube failures are due to metallurgical problems or mechanical wear. If Edison is to accurately
determine whether the problems at San Onofre are due to metallurgical insufficiencies or mechanical wear,
orthodox engineering methodology requires that San Onofre technicians physically remove (pull) a
selection of tubes and examine them. The U shape and long size of these tubes preclude replacement or
repair, and therefore the hole from which they are removed must be plugged by welding the hole shut. In
order to answer long-term reliability and safety concerns, the metallurgy of the tubes must be compared to
the old design and fabrication. Moreover, tubes from both San Onofre Unit 2 and 3 must be removed and
thoroughly examined in order to compare any subtle differences in fabrication between the two units."

Fairewinds States, "Unfortunately, progress on evaluating the extent of the problems at both San Onofre
Units 2 and 3 has been slow, due in part to Edison's purchase of only one set of the steam generator nozzle
dams required for tube inspections. Steam generator nozzle dams prevent reactor water from leaking into
the bottom of the steam generators when inspections are taking place. Consequently, when only one set of
dams is available, both units cannot be simultaneously inspected. The decision to procure only one set of
nozzle dams indicates a penny wise and pound foolish procurement policy that has made it technically
impossible for Edison to simultaneously conduct these critical steam generator examinations of both San
Onofre Units 2 and 3 without draining both vessels below their nozzles and limiting the movement of
nuclear fuel in each reactor. Even though Unit 3 experienced a gross tube leak and Unit 2 did not, it is
important to note that these inspections showed that more tubes in Unit 2 were degraded than in Unit 3. It
is also important to note that both Unit 2 and Unit 3 were designed and manufactured to the same
specifications. Since Unit 2 operated somewhat longer than Unit 3, it is not surprising that Unit 2 should
exhibit more degradation than Unit 3 as well."

AREVA states, "Based on the extremely comprehensive evaluation of both Units, supplemented by
thermal hydraulic and FIV analysis, assuming, a priori, that TTW via in-plane fluid-elastic instability
cannot develop in Unit 2 would be inappropriate." Therefore, all the degrades tubes subject fluid-elastic
instability should be plugged, using the MHI Screening Criteria, which would exceed the NRC total
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plugging limitation and RIGHTFULLY PREVENT ANY RESTART of Unit 2!

Westinghouse states, "For most of the straight leg section of the tube, the gap velocities at lower power
levels and at 100% power are similar. The gap velocities are controlled by the recirculating fluid flow rate,
which is relatively constant at all power levels." Westinghouse is projecting the wear of 2 active tubes in
SG 2E089 from 28% to be -3 1% by the end of 5 months assuming everything goes as planned, without
any transients or MSLB. In light of SONGS Unit 3 Operating experience, and to adequately protect the
Public Health & Safety from a potential nuclear accident, the projection of this number based on empirical
formulas and data derived from other plants/tests is highly questionable and does not meet the intent of
Deterministic Analysis. Furthermore, this number -3 1% is too close to the NRC's plugging limit of 35%.

According to AREVA and Fairewinds Associates, tube plugging and stabilization is not the solution to the
vibration problems. FEI can progress through a buffer zone of plugged tubes to reach pressurized, in-
service tubes and cable stabilizers do not substantially improve U-bend in-plane stability. The DAB Safety
Team assisted by several SONGS Anonymous Insiders has concluded that SONGS Unit 2 Replacement
Steam Generators (RSG) are in worse shape now than certified by the SCE and their three NEI Qualified,
"U.S. Nuclear Plant Designers."

Professor Dan Hirsch States, "Unit 2 has hundreds of times more bad tubes and a thousand times more
indications of wear on those tubes than the typical reactor in the country with a new steam generator, and
nearly five times as many plugged tubes as the rest of the replacement steam generators, over a
comparable operating period, in the country combined. Therefore, the restart of Unit 2 with thousands of
degraded tubes present a formidable challenge to the Safe Restart of Unit 2 by making it highly vulnerable
to localized steam dry-outs, 100% void fractions, fluid elastic instability, flow-induced random vibrations
and cascading tube ruptures during unanticipated operational occurrences and or Main Steam Line Breaks.
SCE is trying to Restart Unit 2's Degraded RSG's, which are outside the NORM of the NRC Regulations,
which include a limit on operational primary-to-secondary leakage, typically 150 gallons per day, beyond
which the plant must be promptly shutdown.

It is DAB Safety Team Expert Panel's opinion that SCE Management cannot put a Shift Manager and his
Operations crew on the spot, by expecting them to rescue the public in anticipation of unreliable "error-
likely" actions for RCS re-pressurization in the first 5 minutes of a main steam line break. Additional
operator burdens include high noise levels preventing normal communications; RCS cool-down with
potential re-criticality; actions to recover Refueling Water Storage Tank (RWST) inventory; many
radiation alarms, unexpected high radiation areas in the turbine building, and atmospheric releases; fire
alarms and fires from steam and shrapnel from the break; and emergency communications with local, state,
and Federal governments diverting operations personnel before the technical support center is manned or
additional operations personnel arrive on site. Despite of enhanced training and implementation of
corrective actions, some of these type of recurring weaknesses have been often observed in the SONGS
Emergency Drills/Exercise Performances, plus SONGS has had the worst safety record of all nuclear
power plants in the US for many years. See Emergency Preparedness at San Onofre.

At around 13: 50, on February 9th, 1991, leakage of about 55 tons of primary coolant occurred due to the
failure of a SG tube in a steam generator of the No. 2 pressurized water reactor at the Mihama nuclear
power station of the Kansai Electric Power Company. At 13:40, an alarm of a condenser air off take
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system went off during a rated output operation, warning that the coolant water level in the steam
generator was decreasing. At 13:50, an automatic emergency shutdown of the reactor was triggered by the
signal of decreasing pressure in the pressurizer. After seven seconds, the ECCS was automatically
operated, and coolant water was flooded into the reactor by a high pressure injection pump. However, one
main steam isolation valve and one pressurizer relief valve could not be operated by remote control.
Therefore, the valve operation was carried out manually. The amount of steam released from the main
steam relief valve to atmosphere was about 1.3 tons. The amounts of radioactive rare gas and iodine
discharged to the atmosphere were about 2.3E10 and 3.4E8 becquerels, respectively.

It should be noted that on January 31, 2012, the reactor operators were unable to recognize and react to
the Fluid Elastic Instability problem they were actually experiencing and it took more than 20 minutes to
shut down reactor Unit 3, during which time much additional significant and un-repairable damage was
probably done to Unit 3 's SG tubes as they vibrated against each other.

Mitsubishi cause analysis states, "The Tube-to-TSP wear was caused by narrow tube pitch to tube
diameter (p/d) ratio and high velocity flow across the straight leg sections of the tubes." Westinghouse
States, "For most of the straight leg section of the tube, the gap velocities at lower power levels and at
100% power are similar. The recirculating fluid flow rate is relatively constant at all power levels.
However, in the U-bend region, the gap velocities are determined by the power level. The steam flow in
the bundle is cumulative and increases as a function of the power level and the bundle height which causes
high fluid quality, void fraction, and secondary fluid velocities in the upper bundle." The impact during a
MSLB and 100% void fractions has never been observed, therefore, Edison's contention that by reducing
the power to 70%, the adverse effects offlow-induced random vibrations, fluid elastic instability and
high cycle fatigue, which cause tube wall thinning, denting, axial and circumferential cracks on the
tubes will magically disappear in their SONGS poorly designed steam generators, is another misleading
statement designed to confuse the regulators (by distorting the true intent of NEI 97-06), critics and the
public. Left undetected, these internal cracks can ultimately lead to cascading failures of tubes especially
during a main steam line break event due to factors described above.

In conclusion, even at 70% power operations, if a steam line break outside containment were to occur in
Unit 2, the depressurization of the steam generators with the failure of a main steam isolation valve to
close would result in 100% void fraction in the degraded U-Tube bundle and the straight leg portion
between the Tube Support Plates. This condition of ZERO Water in the steam generators due to low tube
clearances would cause fluid elastic instability (FEI) and flow-induced random vibrations, which would
then result in massive cascading SG tube failures, involving hundreds of degraded active SG tubes, along
with all the damaged inactive (all the plugged /stabilized) SG tubes. With an undetermined amount of
simultaneous tube leaks/ruptures, approximately 60 tons of very hot high-pressure radioactive reactor
coolant would leak into the secondary system. The release of this amount of radioactive primary coolant,
along with an additional approximately 200 tons of steam in the first five minutes from a broken steam
line would be EXCEED the SONGS NRC approved safety margins. So, in essence, the RSG's will
become loaded guns, or a nuclear accident waiting to happen. Any failure under these conditions, would
allow significant amounts of radiation to escape to the atmosphere and a major nuclear accident would
easily result causing much wider radiological consequences and even a potential nuclear meltdown of the
reactor! Since these events would happen at an extremely fast pace, no credit is assumed in the first 5
minutes of the main steam line break accident for: (1) Enhanced Unit 2 Defense-In-Depth Actions - SCE
Restart Plan Enclosure 2, Item 9.0, and (2) The differential pressure across the SG tubes necessary to
cause a rupture will not occur if operators prevent RCS re-pressurization in accordance with their
Emergency Operating - Enhanced Unit 2 Defense-In-Depth Actions - SCE Restart Plan Enclosure 2, Item

SONGS Chronic Problems: Putting Energy Generation Before Safety & Haste Makes Waste 64



-U

5.2.2 - Probabilistic Risk analysis.

Fairewinds states, "According to the published literature, the replacement steam generators for Units 2, the
mistaken belief that it is somehow different that Unit 3 before the root cause of the public health and
safety during a very similar incident involving serious cracking on a BWR. The Quad Cities reactor
experienced severe vibration induced cracking of its steam dryer in 2002. In a BWR, the steam dryer is a
major component in the reactor. In a PWR, such as at San Onofre, the steam dryer is an integral part of the
steam generator. The owner of the plant and the reactor designer believed that they understood the
problem and had made the appropriate repairs. They then started the reactor back up. One year later in
2003, the steam dryer had cracked yet again. In fact the second cracks were worse than the first. If San
Onofre Unit 2 is allowed to start up prior to a complete root cause analysis, steam induced dryer cracking
like that at Quad Cities may occur in the steam generators at San Onofre. In 2002, Quad Cities told the
NRC that the repairs would successfully solve the second steam dryer failure, the NRC said that:
After the first failure, 'Several teams of Exelon Nuclear, General Electric and industry experts are
assembled to ...determine the ...corrective actions.' Following the second steam generator failure,
the NRC said that the second failure was caused when 'GE Nuclear Energy and the licensee did not
foresee this phenomenon.' What might San Onofre fail to foresee as the true problem in its rush to start
Unit 2 back up? Allowing either San Onofre Unit 2 or Unit 3 reactors to restart before the root cause of the
problem is known definitively defies logic?"

The Final FIX - Fairewinds states, "On March 13, 2012, Chairman Jaczko stated, "The root cause of the
tube leak has not yet been determined. ... NRC approval is not required for the licensee [SCE] to
restart Units 2 and 3." Tube failures cause a significant nuclear safety issue by substantially increasing
the risk of an accident that releases radioactivity into the environment. Gross failure of one or more of the
steam generator tubes could create a nuclear accident similar to that of a "small line break" accident.
However, unlike the small line break, the radiation releases from a tube break are not trapped inside the
containment building and instead leak into other buildings. San Onofre design engineers believed that
steam generator tubes installed when the reactors were built would last for the lifetime of the nuclear
reactor without any appreciable leakage but there was degradation in the original steam generators. Due to
this tube deterioration and degradation, Edison decided to replace its original steam generators by
2009/2010 with new steam generators manufactured in Japan by Mitsubishi. These were installed in the
San Onofre reactors in 2009 and 2010, with Unit 2 operating since May 2010, and Unit 3 operating since
February 2011. With their typical lack of transparency, Edison and the NRC, never told the public about
the significant degradation in Unit 2's steam generator tubes. While Unit 2 was shutdown for refueling,
Unit 3 was operating at full power when it experienced a complete perforation of one steam generator tube

that allowed highly radioactive water from inside the reactor to mix with the non- radio active water that
turns the turbine in an unshielded building without a containment system. Thus Unit 3 was also forced to
shutdown."

Decommission SONGS Units 2/3, or Replace/Repair RSGs with a 50.90 thorough License Amendment
Process and Evidentiary Public Hearings. According to DAB Safety Team conversation with one of the
NRC Panel members, Senators Barbara Boxer and Diane Feinstein have told the NRC and are both in
favor of Replacement or Adequate Inspections and Repairs of SONGS RSGs with a 50.90 thorough NRC
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ATTACHMENT 1 - DEFINITIONS AND FIGURES

Flow-Induced Random Vibrations (FIRV)

Tube vibration in-out-of-plane direction due to force created by uneven flow (turbulent) from high flow
velocity and uneven density fluctuation (forced vibration due to external fluid stream, excessive
hydrodynamic pressures) and insufficient contact forces between the tubes and the AVBs.
Vibration amplitude due to random vibration is generally smaller compared to Fluid Elastic Instability
(FEI).

Fluid Elastic Instability (FED

A phenomenon where tube bundle vibrates with a large amplitude when fluid flow velocity exceeds a
certain limit. TTW due to in-plane fluid-elastic instability is a unique degradation mechanism because one
unstable tube can drive its neighbor to instability through repeated impact events. Repeated impacts move
the neighbor tube relative to its AVBs causing accelerated wear and elongated wear. The in-plane
effectiveness of the AVBs is degraded and an initially stable neighbor tube eventually becomes unstable.
This leads to a growing region of instability and TTW. Impact events lead to the propagation of instability
from one tube to another in the same column. Propagation of instability from one column to another must
involve fluid coupling since tube-to-tube impact does not occur across columns. The two basic theories of
fluid-elastic instability have been termed fluid stiffness and fluid damping.

Steam Quality

Steam quality, defined as mass fraction of vapor in a two-phase mixture, is an important factor used in
determining Stability Ratios (SRs). Steam quality is directly related to void fraction for a specified
saturation state. This description is important when considering effects on damping. Damping is the result
of energy dissipation and delays the onset of FEI. Damping is greater for a tube surrounded by liquid
compared to a tube surrounded by gas. Since quality describes the mass fraction of vapor in a two-phase
mixture, it provides insight into the fluid condition surrounding the tube. A higher steam quality correlates
with dryer conditions and provides less damping. Conversely, lower steam quality correlates with wetter
conditions resulting in more damping, which decreases the potential for FEI.

Void Fraction

Void fraction, defined as volume fraction of vapor in a two-phase mixture, is a factor used in determining
SRs. A higher void fraction represents a lower percentage of liquid in the steam. Liquid in the steam
dampens the movement of tubes. Higher void fractions result in less damping. Decreasing the void
fraction in the upper bundle region during power operation increases damping and reduces the potential
for FEI.

Fluid Velocity

The fluid velocity in a steam generator secondary side is a factor of SR calculations. Hydrodynamic
pressure is the fluid velocity squared multiplied by the fluid density (pv2).
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The following figures provide details of SONGS Replacement steam Generators:

For Figures 1 through 6, Please use the following Link on the World Wide Web

http://www.songscommunity.com/docs/cal/Attachment-4.pdf

* Figure 1 - Flow Induced Tube Bundle Vibration, Page 74

* Figure 2 - Type 1 Wear (Tube - Tube Wear) Mechanism, Page 77

* Figure 3 - Type 2 Wear (AVB Wear) Mechanism, Page 78
* Figure 4 - Flow Velocity Distribution at Tube Support Plates, Page 79

* Figure 5 - Type 3 Wear (TSP Wear) Mechanism, Page 79

* Figure 6 - Type 4 Wear (Retainer Bar) Mechanism, Page 80

For Figures 7 through 13, Please use the following Link on the World Wide Web

http://www.songscommunity.com/docs/Final CAL Meeting.pd

* Figure 7 - SONGS Steam Generator, Slide 16

* Figure 8 - SONGS Steam Generator Tube Bundle, Slide 17

* Figure 9 - SONGS Steam Generator Tube Bundle Manufacturing, Slide 12

• Figure 10 - SONGS Steam Generator Tube Bundle Manufacturing Process, Slide 13

* Figure 11 - SONGS Steam Generator U-Tube Bundle -TOP View, Slide 14

Notes: Tubes are too closely packed to fit more UNAUTHORIZED tubes to produce more electricity

* Figure 12 - SONGS Steam Generator Anti-Vibration Bar Assembly Details, Slide 15

* Notes: Tubes are too closely packed to fit more UNAUTHORIZED tubes to produce more electricity

* Figure 13 - TOP of SONGS Steam Generator U-Tube Bundle and Drum, Slide 17

Notes: No in-plane support design protection provided between tubes from vibrating & hitting other

tubes with violent impact, "Like when the Titanic Rammed an Iceberg", Excessive number of Tubes,

Tubes too closely packed.

For Figure 14, Please use the following Link on the World Wide Web

" file://Iocalhost/Users/iohnapple/Downloads/MITSUBISHI SG-2.pdf

* Figure 14 - MHI Comparison of steam generators for export, Export of High-performance & High-

quality Components, Page 2. NOTE: Tube Bundle is taller than other MHI Steam Generators. This is

outside "Industry Norm" and was done to make Quick Profits for Edison without NRC Approval.
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ATTACHMENT 2 - EXAMPLES OF STEAM GENERATOR TUBE RUPTURES/STEAM LINE BREAKS

The Original (Combustion Engineering) Steam Generators (OSG's) for San Onofre Units 2 and 3 were
supposed to last for forty years, the design life of the reactors. At Edison's request, Mitsubishi made
numerous untested and unanalyzed changes to the design of the Replacement Steam Generators (RSG's)
compared to those originally at San Onofre, such as adding hundreds of more tubes and increasing the
height of the U-tube bundle. Yet, by asserting that it was making a "like for like" change, SCE bypassed
the normal requirement to apply for a license amendment, which would have entailed a higher degree of
scrutiny by the NRC and the opportunity for the public to request an evidentiary hearing. This turned out
to be a fateful decision, because a greater degree of review that would have been required with a full
license amendment application likely would have detected the problems that SCE's design changes caused
and that have since crippled San Onofre. Palo Verde Nuclear Generation Station (PVNGS) made similar
changes as SONGS to their Combustion Engineering OSG's, which are the largest SG's in the world, but
they went through a thorough NRC license amendment process and PVNG's 6 RSGs have been operating
for the last 10 years without any significant problems (See The DAB Safety Team's Big Attachment
Spreadsheet and Notes for more details).

In late 1997, the industry, through the Nuclear Energy Institute (NEI), adopted an initiative entitled NEI
97-06, "Steam Generator Program Guidelines," to improve both the quality and consistency of steam
generator programs. The new framework (or technical specifications) enhances safety by replacing
prescriptive criteria focused on wall thinning as the dominant degradation mechanism with a performance-
based framework that focuses on the goals of a steam generator tube integrity program: maintaining tube
integrity between inspections. By means of plant technical specifications, licensees are required to assure
with high confidence that steam generator tubes have sufficient integrity to survive normal operations as
well as possible design basis accidents, such as the rupture of a main steam line outside of the containment
boundary.

Many steam generator tube ruptures and steam line break events have occurred in the last 30 years at
nuclear power plants throughout the world. The phenomenon of cracking due to high cycle fatigue of U-
bend tubes not supported by an Anti-Vibration Bar (AVB) was highlighted as early as 1987 (tube rupture
in the NORTH ANNA 1 plant) and 1991 (MIHAMA). Between 2004 and 2006, three primary-to-
secondary leaks occurred at the Cruas NPP: unit 1 in February 2004 and unit 4 in November 2005 and
February 2006. The three leaks were all the result of a circumferential crack in the tube at the location
where the tube passes through the uppermost tube support plate (TSP #8). The loads on tube support
plates responsible for tube ruptures (caused by internal axial and circumferential cracks) are due to a'
combination of a mean stress level and a superimposed alternating stress in the tubes. This mean stress
produced by denting of the tube wall and the alternating stress are the result of out-of-plane random
vibrations, fluid elastic instability and high cycle fatigue experienced in the U-bend portion of the tube
above the uppermost support plate as seen in SONGS RSGs.

Tube degradation tends to concentrate in the following areas: (1) Tubes welded to the tube-sheets, (2)
where tubes pass through the tube support plates, and (3) where tubes are bent in the u-tube region. The
normal techniques employed by nuclear industry using bobbin coil supplemented by Rotating Coil
(+Point) probes are inadequate for determining the depth, extent and location of internal cracks, and in
particular, whether a crack penetrates through 35% of the tube wall thickness. NRC's regulations do not
allow SONGS to start up with any steam generator tube degraded through more than 35% of its wall
thickness. Left undetected, these internal cracks can ultimately lead to cascading failures of tubes
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especially during a main steam line break event due to factors described above. Accurate detection and
quantification of internal cracks require utilization of remote/automated techniques by employing
transmit-receive (T/R) single-pass array probes, laser-scanned penetrant inspection and ultrasonic
detection technologies. These devices transmit highly accurate and instantaneous results using rapid and
quantitative, data acquisition systems equipped with specialized developed computer software with "C-
scan" images.

The SG tubes function as an integral part of the reactor coolant pressure boundary (RCPB) and, in
addition, isolate radioactive fission products in the primary reactor coolant from the secondary coolant and
the environment. Thus, the SG tubing serves a containment function as well as an RCPB function. SG
tube leakage (i.e., primary-to-secondary leakage) or ruptures have a number of potential safety
implications, including those associated with allowing fission products in the primary coolant to escape
into the environment through the secondary system. In the event of an MSLB accident or stuck open SG
safety valve, leakage of primary coolant through the tubes could contaminate the flow out of the ruptured
steam line or safety valve, respectively. In addition, leakage of primary coolant through the SG tubing
could deplete the inventory of water available for long-term cooling of the core in the event of an accident,
which could lead to a core meltdown.

Continuous monitoring of primary-to-secondary leaks led to three shutdowns at the Cruas.NPP: unit 1 in
February 2004 and unit 4 in November 2005 and February 2006. Analyses carried out by EDF, subsequent
to the last two events, resulted in them being attributed to high cycle fatigue of steam generator tubes due
to flow-induced vibration. The results of in situ examination initiated by the Cruas NPP operator showed
that the flow holes of the uppermost Tube Support Plates (TSPs) were partially or completely blocked by
corrosion products. This phenomenon is referred to as TSP "clogging-up" and it was considered
potentially generic for EDF NPP fleet. For the Cruas leakages, it was established that the association of
TSP clogging-up and the specificity of the Cruas steam generator (central area in the tube bundle where no
tubes are installed) were responsible for a significant increase in the velocity of the secondary fluid in the
tube bundle central area. The high velocity of the fluid in this region increases the risk of fluid elastic
instability for the tubes. Based on this preliminary analysis, EDF has implemented preventive measures
(stabilizing and plugging of tubes in the central area of the tube bundle deemed sensitive to high cycle
fatigue risk).

On July 15, 1987, a steam generator tube rupture (600 gallons per minute) event occurred at North Anna
Unit 1 shortly after the unit reached 100% power. The cause of the tube rupture has been determined to be
high cycle fatigue. The source of the loads is believed to be a combination of a mean stress level in the
tube and a superimposed alternating stress (The mean stress is produced by denting of the tube at the
uppermost tube support plate, and the alternating stress is the result of out-of-plane deflection of the U-
bend portion of the tube above the uppermost support plate, caused by flow-induced vibration). Denting
also shifts the maximum tube bending stress to the vicinity of the uppermost tube support plate. The
rupture extended circumferentially 360o around the tube. Based on available information, the staff
concludes that the presence of all the following conditions could lead to a rapidly propagating fatigue
failure such as occurred at North Anna: (1) Denting at the upper support plate, (2) A fluid-elastic stability
ratio approaching that for the tube that ruptured at North Anna, and (3) Absence of effective AVB support.

Data obtained by The DAB Safety Team from nuclear industry operating experience and licensee event
reports shows a list of nuclear plants (See Table below), which have experienced major steam generator
tube leakage events even with one tube rupture. The data shows the significance of what could have
happened to Southern California, if the eight steam generator tubes in San Onofre Unit 3 Steam Generator
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E-088 had failed concurrently while Unit 3 was operating. The data shown below contradicts NRC
Website statement about SONGS Tube Leak and Staff correspondence dated May 20, 2009, which states,
"By means of plant technical specifications, licensees are required to assure with high confidence that
steam generator tubes have sufficient integrity to survive normal operations as well as possible design
basis accidents, such as the rupture of a main steam line outside of the containment boundary.' 'Current
TS requirements relating to SG tube integrity provide reasonable assurance that all tubes will exhibit
acceptable structural margins against burst or rupture under normal operating conditions and DBAs,
including MSLB, and that leakage from one or multiple tubes under DBAs will be limited to very small
amounts, consistent with the applicable regulations for offsite and control room dose (ref. ADAMS
Accession Number ML091320055)."

1975 Point Beach 1 Wisconsin 125 gal/min Rupture

1976 Surry 2 Virginia 330 gal/min Rupture

1979 Prairie Island 1 Minnesota 390 gal/min Rupture

1982 Ginna New York 630 gal/min Rupture

1987 North Anna 1 Virginia 600 gal/min Rupture

North
1989 McGuire 1 Carolina 500 gal/min Rupture

1993 Palo Verde 2 Arizona 240 gal/min Rupture

2000 Indian Point 2 New York 90 gal/min Rupture

2004 Crauss NP France Unknown Leak
2005
2006

SONGS 3

2012 + SONGS 2 California 600 gal/min Leak, almost 8+

had a tube with Ruptures

90% Wear
8 + Ruptures

14,800 gal/min'

1According to NRC AIT Report, "The eight tubes "failed" prior to reaching 5300 psi. Failure in this
context means that leakage occurred in excess of the 4.5 gallons per minute pump capacity during the test,
and test pressure could not be maintained." In reality, this leakage @ > 0.5 gallons per minute of eight
tubes in case of full blown eight tube ruptures due to a Main Steam Line Break would have been
approximately 4800 gallons per minute, which is consistent with the industry tube rupture experience.
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At around 13: 50, on February 9th, 1991, leakage of about 55 tons of primary coolant occurred due to the
failure of one SG tube in a steam generator built by Mitsubishi in the No. 2 pressurized water reactor at
the Mihama nuclear power station in Japan. At the same time, water pressure in the core had dropped
drastically and the ECCS kicked in, flooding the reactor and shutting it down. If the core had been left
exposed, a meltdown -- an overheating of the fuel that can, if uncontrolled, lead to a large release of
radioactivity -- could have occurred. In the following week an estimated 7 million Bq was released into
the sea and an estimated 5 billion Bq of radioactive gas was released into the atmosphere. This tube
rupture caused the first INES level 3 nuclear incident in Japan, which raised social concerns. The failed
tube was removed from the heat exchanger, and the fracture surface was examined by a scanning electron
microscope. Striations, which are a characteristic of fatigue failure, were observed on large portions of the
fracture surface, and dimples showing tensile fracture were also observed. However, few traces of stress
corrosion cracking and corrosion were found on the fracture surface of the tube. Stress amplitude of the
failed tube estimated based on the striation spacing was found to be in the range of around 51 to 60 MPa.
The ruptured tube may have been dented by the metal plate, which could have swelled from rusting over
the years.

On Monday, 9 August 2004 a multiple fatality accident happened at the Mihama No. 3 nuclear power
station in Fukui prefecture, Japan. The plant is owned and run by Kansai Electric Power corporation
(KEPCO), the major power utility company in Western Japan. Four workers were scalded to death by
superheated steam and seven other workers were injured. The accident happened when the reactor was
about to undergo routine maintenance. The accident was caused by a ruptured steam pipe in the non-
radioactive part of the reactor. In 27 years of operation that 56 cm diameter pipe had not once been
checked for corrosion, let alone replaced. By the time it burst, its walls had wom down from an initial 10
mm of carbon steel to a mere 1.4 mm. Regulations required the pipes to be replaced when the walls were
eroded to a thickness of 4.7 mm. Nine months before the accident a subcontractor company had alerted the
operators to the need for inspections, but the warning was ignored.

Non-Isolable Main Steam Line Break Outside Containment: Main steam line breaks (or equivalent
ruptures in attached piping or equipment) may be caused by a combination of stresses from restriction of
pipe thermal expansion by pipe supports, weld defects, lack of pipe stress relief, age-related
erosion/corrosion, vibration-induced cyclic fatigue, or repeated safety valve operation causing fatigue
cycles to the piping and tubes and increasing the likelihood of a safety valve sticking open. Relatively
large steam line breaks have occurred outside the containment, upstream of the MSIV, during hot
functional testing at Robinson 2 and Turkey Point 3. These resulted in collateral valve, piping, and
equipment damage; blowdown of the affected SGs; and excessive cooldown of the RCS. In addition,
large amplitude vibrations of components and structures, water hammers, and sonic booms that
affected operator communication and actions were observed. Note: The Turkey Point 3 event also
involved SG re-pressurization shortly after the initial blowdown as a result of collateral damage.
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ATTACHMENT 3 - BACKGROUND - STEAM GENERATOR TUBE RUPTURES

Dr. Joram Hopenfeld, who retired from the NRC staff, raised the following concerns about the integrity of
steam generator tube ruptures to NRC for years. These concerns were ignored until an accident occurred
in 2000 at Indian Point 2. The NRC asked its Advisory Committee on Reactor Safeguards (ACRS) to
evaluate the decade-old concerns. The ACRS issued a report in February 2001. The ACRS substantiated
many of Dr. Hopenfeld's concerns. For example, the ACRS concluded:

Thetechniques used to look for cracked steam generator tubes are not nearly so reliable for determining
the depth of a crack, and in particular, whether a crack penetrates through 40% of the tube wall thickness.
Note: NRC's regulations do not allow a nuclear plant to start up with any steam generator tube cracked
more than 40 percent of its wall thickness, but the methods used to inspect the tubes for cracks cannot
reliably determine the depth of cracks. The NRC staff acknowledged that there would be some possibility
that cracks of objectionable depth might be overlooked and left in the steam generator for an additional
operating cycle! The design of the present generation of nuclear plants was based upon the
assumption that steam generator tubes maintained their original strength during design basis
accidents, but SONGS has proven that assumption to be false, because the failures at SONGS Unit 3,
where not one but eight tubes failed and thousands of other tubes were damaged, has demonstrated
that those assumptions are no longer valid for RSG's. A design basis steam line break accident,
which assumes that the tubes are in their "as received" condition could result in not only a single
tube rupture, but it could also quickly lead to a multi-tube leakage if the tubes are aged, not well
designed and or contain fatigue cracks. In the first case, the consequences to the public are minor,
while in the second case they would be catastrophic. The level of risk of operating degraded steam
generators such as those at SONGS Unit 2 is patently unacceptable.

Both the [NRC] staff and the author of the DPO [Dr. Hopenfeld] agree that the alternative repair criteria
[used by the NRC staff to allow nuclear plants to continue operating with steam generator tubes known to
be cracked] increase the probability of larger primary-to-secondary flows during the MSLB [main steam
line break] and SGTR [steam generator tube rupture] accidents. The [ACRS] also finds that this
contention of the DPO [namely, that an accident at a nuclear plant with cracked steam generator tubes
could cause those tubes to completely break] has merit and deserves investigation."

" This seems to be a plausible contention [that an accident at a nuclear plant with cracked steam
generator tubes could widen the cracks and result in larger leakage], and the staff has not produced
analyses or test results to refute it."

* The [ACRS] concluded that the issue of the possible evolution of severe accident to involve gross
failure of steam generator tubes and bypass of the containment is not yet resolved ... [and] that the
issue needs consideration regardless of the criteria adopted for the repair and replacement of steam
generator tubes."

" Data available to the [ACRS] suggest that the constant probability of detection [of cracked steam
generator tubes] adopted by the NRC staff is non-conservative for flaws producing voltage signals less
than about 0.7 volts." [In other words, the NRC staff assumes that methods used to find cracked tubes
are much better than the data shows them to be.]

" The [ACRS] was unable to identify defensible technical bases for the [NRC] staff decisions to not
consider the correlation of the iodine spiking factor with initial iodine concentration [when evaluating
the potential offsite radiation dose consequences from accidents involving cracked steam generator
tubes]."

" The [ACRS] found that the [NRC] staff did not have a technically defensible understanding of these
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processes to assess adequately the potential for procession of damage to steam generator tubes." [In
other words, the NRC staff has no sound basis for arguing that one broken tube will not cascade and
cause the failures of other tubes.]

" The [NRC] staff has not developed persuasive arguments to show that steam generator tubes will
remain intact under conditions of risk-important accidents in which the reactor coolant system remains
pressurized. The current analyses dealing with loop seals in the coolant system are not yet adequate
risk assessments."

" In developing assessments of risk concerning these design basis accidents, the [NRC] staff must
consider the probabilities of multiple tube ruptures until adequate technical arguments have been
developed to show damage progression is improbable." [In other words, the risk studies to date, which
only consider failure of a single tube, may understate the true risk and therefore should not be relied
upon.]

The concerns raised by Dr. Hopenfeld are extremely important safety issues. As the ACRS stated:

* Steam generators constitute more than 50% of the surface area of the primary pressure boundary in a
pressurized water reactor.

" Unlike other parts of the reactor pressure boundary, the barrier to fission product release provided by
the steam generator tubes is not reinforced by the reactor containment as an additional barrier."

" Leakage of primary coolant through openings in the steam generator tubes could deplete the inventory
of water available for the long-term cooling of the core in the event of an accident.

In the decade since Dr. Hopenfeld first raised his safety concerns, the NRC has allowed many nuclear
plants to continue operating nuclear power plants with literally thousands of steam generator tubes known
to be cracked. The ACRS concluded that the NRC staff made these regulatory decisions using incomplete
and inaccurate information. After receiving the ACRS's report, the NRC staff considered Hopenfeld's
concerns 'resolved" even though it had taken no action to address the numerous recommendations in the
ACRS report. The NRC must REALLY resolve Dr. Hopenfeld's concerns as soon as possible. In the
interim, the NRC must stop making decisions affecting the lives of millions of Americans when it lacks
"defensible technical basis" because the US cannot afford a Trillion Dollar Eco-Disaster like Fukushima
because of RSG tube failure caused by poor design, fatigue or any other combination of reasons.

Between 2004 and 2006, three primary-to-secondary leaks occurred at the Cruas NPP: unit 1 in February
2004 and unit 4 in November 2005 and February 2006. The three leaks were all the result of a
circumferential crack in the tube at the location where the tube passes through the uppermost tube support
plate (TSP #8). Subsequent analyses carried out by EDF attributed the damage to high cycle fatigue of
steam generator tubes due to flow-induced vibration.
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ATTACHMENT 4 - BACKGROUND - NRC GENERIC SAFETY ISSUE 188

Steam Generator Tube Leaks or Ruptures, Concurrent with Containment Bypass from Main Steam
Line or Feedwater Line Breaches (NUREG-0933, Main Report with Supplements 1-34)

DESCRIPTION

Historical Background

This issue was identified when it was believed that the validity of steam generator (SG) tube leak and
rupture analyses could be affected by resonance vibrations in steam generator tubes during steam line
break depressurization., The concern is that an un-isolable secondary system opening outside containment
coupled with multiple steam generator tube leaks or ruptures could result in releases in excess of 10 CFR
Part 100. The related technical issues include the ability to correctly predict SG secondary side thermal-
hydraulic behavior, physical loadings, component response, resonance vibrations within the tube bundles,
eddy current testing, iodine /spiking, operator response, and risk. The Single Steam Generator Tube
Leakage identified before, is now related to todays issue of "Multiple Steam Generator Tube Leakage."

Safety Significance

The issue raised the following two potentially risk-significant events that are not fully addressed as design
basis accidents in FSARs, industry analyses, the SRP,1 1 or staff reviews:

(1) Operating experience and design information suggested that the potential existed for a line breach to
significantly increase SG leakage, because resonant vibration of SG tubes from a secondary side
blowdown could cause increased tube leakage.

(2) Significant SG tube leakage could lead to secondary system breaches from a variety of causes. The
resulting SG secondary side blowdown could further increase tube leakage due to resonance vibration
within the affected SG tube bundle.

Such leakages, concurrent with containment bypass, might cause offsite radiation doses in excess of 10
CFR Part 100.

Main steam line break and steam generator tube rupture (SGTR) are both included as design basis
accidents in Chapter 15 of most FSARs and the SRP, and are addressed as accident initiators in most
plant-specific PRAs. However, these accident initiators are generally assumed to occur independently
unless there is severe core damage. Moreover, a SGTR is assumed to occur spontaneously in just one tube.
This issue addresses the possibility of a causal relationship: a main steam or feedwater line break in an
unisolable portion of the secondary system is postulated to cause a number of SG tubes to leak or rupture.
Conversely, significant SG tube leakage or rupture is postulated to cause an unisolable secondary side
breach which then may exacerbate the leakage.

Consequences of such an accident scenario are significant because primary coolant could be lost to the
environment through the leaking or ruptured SG tubes and out the break in the secondary system. Given
that the secondary side opening is outside containment but not isolable, the release of radioactivity could
be above 10 CFR Part 100 limits, depending upon the iodine spiking factor and the duration of blowdown.
Further, the escaping coolant will not be returned to the containment sump. There is a high probability that
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the ECCS will successfully mitigate a LOCA during the injection phase. However, when the refueling
water storage tank (RWST) is depleted, it may not be possible to use the recirculation mode, possibly
resulting in core damage. Because the release path is open to the environment outside of the containment,
the release of radioactivity from the postulated core damage event could have significant risk impacts.

The issue also includes the safety concerns of increased risk from degraded operator performance because
of environmental conditions that can occur during the event. Eddy current testing and iodine spiking
issues were not originally identified but were included in this evaluation to provide more complete bases
for understanding the safety concerns.

PRIORITY DETERMINATION

The accident scenario of concern consists of two events: (1) a non-isolable secondary system break or
rupture that is outside containment; and (2) a coupling of this break with the rupture of, or significantly
increased leakage from, affected SG tubes.

Non-Isolable Main Steam Line Break Outside Containment: Main steam line breaks (or equivalent
ruptures in attached piping or equipment) may be caused by a combination of stresses from restriction of
pipe thermal expansion by pipe supports, weld defects, lack of pipe stress relief, age-related
erosion/corrosion, vibration-induced cyclic fatigue, or repeated safety valve operation causing fatigue
cycles to the piping and tubes and increasing the likelihood of a safety valve sticking open. Relatively
large steam line breaks have occurred outside the containment, upstream of the MSIV, during hot
functional testing at Robinson 2 and Turkey Point 3. These resulted in collateral valve, piping, and
equipment damage; blowdown of the affected SGs; and excessive cooldown of the RCS. In addition, large
amplitude vibrations of components and structures, water hammers, and sonic booms that affected
operator communication and actions were observed. The Turkey Point 3 event involved SG re-
pressurization shortly after the initial blowdown as a result of collateral damage.

Other Secondary System Breaks: It is also possible to initiate the accident scenario of interest with
breaks in other parts of the secondary system such as a main feedwater line, steam line supplying steam-
driven auxiliary feedwater, or other steam supply lines. These would be considered within the scope of
this generic issue. Main and auxiliary feedwater systems generally have check valves located inside
containment, which may also fail during the event. Steam supply lines other than main steam will have
their own isolation valves, and because of their smaller diameter, rupture of these lines may not cause as
severe a blowdown transient. However, a smaller opening may create resonance vibrations in the affected
SG that would continue for a longer period of time.

Steam Generator Tube Cracks and Test Data: PWR SG tube cracks are caused by such common-mode
failure mechanisms as outside diameter stress corrosion cracking, primary water stress corrosion cracking,
fretting and wear, high cycle fatigue cracking, denting, pitting, and wastage. Plant TS require that a 3%
sample of SG tubes undergo NDE periodically. The percentage of tubes inspected increases as more
indications are found. Existing regulatory guidance would require tubes with greater than 40% through-
wall cracks to be repaired or plugged.
Eddy current testing has a variable probability of detection that depends on: the type of probe; crack width,
depth, length, and orientation; background interference; and human error. While crack depth and length
are the most important factors in determining SG tube integrity, accurate crack sizing by non-destructive
means (eddy current, ultrasonics, etc.) remains challenging. Therefore, operation will likely occur with
some degree of tube degradation at all times.
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The NRC has approved several alternate repair criteria allowing small cracks to remain in service under
certain conditions. Under the alternate repair criteria in Generic Letter 95-051804 for outside diameter
stress corrosion cracks in intersections between tubes and tube support plates (TSPs), the industry must
leak and burst test tube samples. However, the tubes are rigidly held in place during testing to avoid
bending that would increase crack size. Tubes are tested under static conditions not subject to vibration
and TSP movement that could be encountered during a main steam line break from differential pressure
loadings and from vibrations at their lowest natural frequencies. Leak tests are not required to be
performed at operating temperatures. A case of Laboratory testing vs. Real World actual conditions...

Resonance Vibrations: Resonance vibrations caused by a line break may develop in the SG internals
through pressure pulses in the two-phase fluid and/or from pipe movement. Free span sections of tubes,
portions of TSPs, and the U-tube assembly would vibrate from excitation frequencies emanating from the
break. The tube/TSP movement from pressure pulses, resonance vibration, and potential steam chugging
from possible recriticalities could destroy links between existing micro and macro cracks in SG tubes.
Further, there has not been an integrated study of actual damage done to adjacent SG tubes following
SGTRs, from steam line breaks, or from SG dry outs.

Neither resonance vibrations nor cross-flow forces can be calculated by the one-dimensional, RELAP
thermal-hydraulic code. EPRI has developed multi-dimensional two-phase flow codes that are applicable
only to steady-state conditions. The ACRS Ad Hoc DPO Subcommittee on SG integrity issues
concluded1800 that: "... thermal-hydraulic codes usually employed by the staff for safety analyses are
poorly suited to address the issues raised by this contention. The Subcommittee urges that investigation of
this issue be completed expeditiously."

NRR's reviews in this area were consistent with the ACRS conclusion, since NRR has not relied upon
licensee justifications based on such codes for SG secondary side analyses.

Tube Sheet Cladding Separation: Tube sheet cladding separation by'the flow divider and cracks in first
row tube welds and cladding may have occurred due to excessive primary-to-secondary tube sheet
differential pressures during the primary system hydro at Robinson 2. The differential pressure across the
tube sheet at Turkey Point 3 during its cold hydro was what could be expected from high head safety
injection during main steam line break or stuck-open safety or atmospheric dump valve events, but this
also caused cladding separation. Tube, tube sheet, and cladding stresses due to differential primary-to-
secondary pressure and vibrations have not been modeled in an integrated risk assessment of a main steam
line break.

Analysis and Understanding: The Ad Hoc DPO Subcommittee recommended1800 that:
"Risk analyses that the staff considers need to account for progression of damage to steam generator tubes
in a more rigorous way." They "... found that the staff did not have a technically defensible understanding
of these processes to assess adequately the potential for progression of damage to steam generator tubes.
Bending and flexion of the tubes produce conditions regarding crack growth, tube leakage, and tube burst
outside the range of analyses and experiments done by the staff." (p. 46) They, concluded that the
contention, "Depressurization of the reactor coolant system during a main steam line break will produce
shock waves and violent, sympathetic vibrations that will cause cracks to form, to grow and to unplug,
leading to much higher leakage from the primary-to-secondary sides of the reactor coolant system than has
been considered by the NRC staff... has merit and deserves investigation." (p. 10) The Subcommittee
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concluded that "... there is an imperative for the staff to act expeditiously to develop a much better
understanding of the dynamic processes associated with depressurization and how the processes could
lead to damage progression." ( p. 46) "Similarly, the Ad Hoc Subcommittee did not feel that the staff had
developed an adequate understanding of how movement of the tube support plates during an event could
damage the tubes and augment leakage from the primary side to the secondary side of the reactor coolant
system. The staff needs to develop an understanding of how tube support plate movement could lead to
unplugging of cracks occluded by corrosion products in the annular space between the tube support plate
and the tubes." (p. 46) Also, "... the Ad Hoc Subcommittee has concluded that the staff has not adopted a
technically defensible position on the choice of the iodine spiking factor to be used in the analysis of
design basis accidents for compliance with the requirements of 10 CFR Part 100 or General Design
Criterion (GDC) 19." (p. 48)

Operator Actions: The NRC has used estimates as low as 10-3 as the probability of the failure to
depressurize and cool down the RCS in risk analyses of these containment bypass scenarios. The human
error contribution to the estimated increment to core damage frequencies per year in these scenarios
ranged from 29% to 93%. Operators have to identify the ruptured SG in order to isolate it, while primary
and secondary temperature and pressure changes mask the diagnostic evidence they need to do so. There
have been 10 SGTRs (or significant leaks) in U.S. PWRs from 1975 to 2000. Human performance
weaknesses, such as mis-diagnoses, substantial delays in isolating the faulted steam generator, and
delayed initiation of the residual heat removal system, have been identified in these events. 1801, 1802 The
events also involved unnecessary radiation releases, lack of RCS subcooled margin, excessive RCS
cooldown rates, and overfilling the SG because of human or procedural problems.

The probability value can be significantly higher than 10-3 when performance shaping factors are
incorporated for SGTRs concurrent with containment bypass based on operator performance as well as
simulator experience. While one risk analysis that addressed a stuck open relief valve has a success path
involving gagging the valve, this may be unrealistic given potential galling of the internals, steam release
at the valve location, and the high radiation field at the valve created by a large tube leak. Additional
complications would add to operator burdens. These include high noise levels preventing normal
communications; RCS cooldown with potential recriticality; actions to recover RWST inventory; many
radiation alarms, unexpected high radiation areas in the turbine building, and atmospheric releases; fire
alarms and fires from steam and shrapnel from the break; and emergency communications with local, state,
and Federal governments diverting operations personnel before the technical support center is manned or
additional operations personnel arrive on site. The Halden Control Room Staffing study found poor
operator performance in one of two simulations of a SG leak with a failed open SG safety relief valve, as
well as simulations where crew size was decreased to attend to other duties. 1803 A model exists based on
this simulation, but it has not been used in a sensitivity study to more accurately predict a probability of
failure to depressurize and cool down the RCS under these circumstances.

The Ad Hoc DPO Subcommittee concluded1800 that:
"... the [human performance] failure probabilities can rise from 10-3 to -1, depending on the number of
failed steam generator tubes." They also said that "Risk evaluations should also include examination of
the mechanisms for damage progression, which has not been observed in steam generator tube rupture
accidents to date, but may occur as a result of dynamic processes during main steamline break
depressurizations of the reactor coolant system. The effects of the dynamic events on operator
performance both with respect to the time available for required responses and the level of 'operator
distraction need to be evaluated." (p. 20) "In all cases, the staff needs to develop defensible analyses of the
uncertainties in its risk assessments, including uncertainties in its assessments of human error probabilities.
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As the staff develops a better understanding of the dynamic processes associated with depressurization
during a main steamline break, it may want to revisit estimates of operator error probability in light of the
considerable operator distraction that might occur during such events." (p. 47)

CONCLUSIONS

1. Based on an in-depth review of the above listed documentation and direct observation of Plant
Operators and SONGS Emergency Response Organization Performance, the DAB Safety Team agrees
with Dr. Johan Hopenfeld's published concerns and concludes that Operator Action is not feasible to
stop a major nuclear accident in Unit 2 in the first 15 minutes of a MSLB, stuck open SG safety valve,
Earthquake, cascading SG tube ruptures and or any other combination of Un-anticipated operational
transients, during the proposed 5-month trial period of the already heavily damaged Unit 2 RSG's at
any power setting.

2. The Division of Operating Reactor Licensing, Office of Nuclear Reactor Regulation must now
formally address Dr. Johan Hopenfeld's published concerns, as mentioned above, in light of the eight
RSG tube failures at SONGS at main steam line break testing conditions, and the cascading effect that
these failures prove is a very serious safety issue, that reactor operators do not currently have the
ability to control which might result in significant risk impacts like a nuclear meltdown.
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