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Mr. Joseph Jensen 
Senior Vice President and 
  Chief Nuclear Officer 
Indiana Michigan Power Company 
Nuclear Generation Group 
One Cook Place 
Bridgman, MI  49106 
 
SUBJECT: D.C. COOK NUCLEAR POWER PLANT, UNITS 1 AND 2, NRC SPECIAL 

INSPECTION TEAM REPORT 05000315/2008009; 05000316/2008009 

Dear Mr. Jensen: 

On December 15, 2008, the U.S. Nuclear Regulatory Commission (NRC) completed a Special 
Inspection at your Donald C. Cook Nuclear Power Plant to evaluate the facts and circumstances 
surrounding the turbine high vibration and fire protection system failure on September 20, 2008.  
The enclosed report documents the inspection findings, which were discussed on 
December 15, 2008, with Mr. L. Weber and members of your staff. 
 
The inspection examined activities conducted under your license as they relate to safety and 
compliance with the Commission's rules and regulations and with the conditions of your license.  
The inspectors reviewed selected procedures and records, observed activities, and interviewed 
plant personnel. 
 
Based on the risk and deterministic criteria specified in Management Directive 8.3, 
"NRC Incident Investigation Program," and Inspection Procedure 71153, "Event Follow-up," and 
due to the equipment performance problems, which occurred, a Special Inspection was initiated 
in accordance with Inspection Procedure 93812, "Special Inspection."  The Special Inspection 
evaluated the facts and circumstances surrounding the event, as well as the actions taken by 
your staff in response to the unexpected equipment conditions.  The inspection focus areas are 
detailed in the Special Inspection Charter (Attachment 3). 
 
Based on the results of this special inspection, one NRC-identified finding of very low safety 
significance (Green) was identified. 
  
If you contest the finding in this report, you should provide a response within 30 days of the 
date of this inspection report, with the basis for your denial, to the U.S. Nuclear Regulatory 
Commission, ATTN:  Document Control Desk, Washington, DC 20555-0001, with copies to the 
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Regional Administrator, U.S. Nuclear Regulatory Commission - Region III, 2443 Warrenville 
Road, Suite 210, Lisle, IL 60532-4352; the Director, Office of Enforcement, U.S. Nuclear 
Regulatory Commission, Washington, DC 20555-0001; and the Resident Inspector at the 
Donald C. Cook Nuclear Power Plant. 
 
In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter, 
its enclosure, and your response (if any) will be available electronically for public inspection 
in the NRC Public Document Room or from the Publicly Available Records System (PARS) 
component of NRC's document system (ADAMS), accessible from the NRC Web site at 
http://www.nrc.gov/reading-rm/adams.html.   
 

Sincerely, 
 
/RA Gary Shear, Acting For/ 
 
 
Cynthia D. Pederson, Director 
Division of Reactor Projects 
 

Docket Nos. 50-315; 50-316 
License Nos. DPR-58; DPR-74 

Enclosure: Inspection Report 05000315/2008009; 05000316/2008009 
    w/Attachment 1:  Supplemental Information 
    w/Attachment 2:  Sequence of Events 
    w/Attachment 3:  Special Inspection Team Charter 

cc w/encl: L. Weber, Site Vice President 
  J. Gebbie, Plant Manager 
  G. White, Michigan Public Service Commission 
  Michigan Department of Environmental Quality 
  Planning Manager, Emergency Management and Homeland 
    Security Division, Michigan State Police Department 
  T. Strong, State Liaison Officer 



 

 

J. Jensen     -2- 
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SUMMARY OF FINDINGS 

IR 05000315/2008009, 05000316/2008009; 09/22/2008 – 12/15/2008; D.C. Cook Nuclear 
Power Plant, Units 1 and 2; Special Inspection Team review of September 20, 2008, turbine and 
fire protection system event. 

This report covers the inspection by the Special Inspection Team into the Cook Unit 1 Turbine 
and Fire Protection System events of September 20, 2008.  One Green finding was identified.  
The significance of most findings is indicated by their color (Green, White, Yellow, Red) using 
Inspection Manual Chapter (IMC) 0609, “Significance Determination Process” (SDP).  Findings 
for which the SDP does not apply may be Green or be assigned a severity level after NRC 
management review.  The NRC’s program for overseeing the safe operation of commercial 
nuclear power reactors is described in NUREG-1649, “Reactor Oversight Process,” Revision 4, 
dated December 2006. 

A. NRC-Identified and Self-Revealed Findings 

 Cornerstone:  Mitigating Systems 
 

•  Green.  A finding of very low safety significance was identified by the team for the failure 
to have appropriate procedures for control room operator actions.  Specifically, a control 
room annunciator response procedure for a fire protection alarm panel failed to provide 
appropriate guidance for diagnosing a fire protection system failure as evidenced by the 
simultaneous operation of all three fire pumps.  The licensee entered the issue into their 
corrective action program and planned to revise the procedure. 

The finding was determined to be more than minor because the failure to provide 
adequate procedural guidance contributed towards operators failing to recognize that a 
fire protection system pipe break had occurred.  The issue was of very low safety 
significance because there was sufficient pumping capacity to maintain system pressure 
for a substantive period of time.  (Section 4OA3.6.b(1)) 
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REPORT DETAILS 

4OA3 Special Inspection 

Background – September 20, 2008, Event: 

At approximately 2005 hours eastern daylight savings time, on September 20, 2008, the 
Unit 1 main turbine at the D.C. Cook Nuclear Power Plant failed.  Control room turbine 
vibration monitors indicated severe vibrations.  Control room operators tripped the 
reactor, entered the reactor trip response emergency operating procedure, and tripped 
open the main condenser vacuum breakers to stop main turbine rotation.  Severe 
ground and building vibrations were experienced at and near the plant.  Part of the main 
generator cooling system, which uses hydrogen, failed and hydrogen was released.  As 
a result, a fire occurred originating from below the turbine and main generator.  Several 
fire protection sprinkler systems automatically actuated.  In addition, operators actuated 
a turbine water spray system to assist in controlling the fire.  The on-site fire brigade 
responded to the fire.  Off-site fire protection assistance was requested and provided 
assistance on-site.  An estimated maximum of 41,000 gallons of water was used to 
control and extinguish the fire.  The fire was extinguished within a half-hour. 
 
Unknown to the control room operators and fire brigade personnel, a section of fire 
protection system yard loop piping had failed early in the event resulting in the loss of at 
least 544,000 gallons water from the north fire water storage tank.  Although only one 
fire pump was necessary to supply flow for the fire protection systems, which had 
actuated, all three fire pumps (one electric and two diesel driven pumps) had started as 
a result of the break in order to maintain system pressure.  System pressure was 
maintained until water in the north fire water storage tank ran out.  Control room 
operators received a low fire protection header pressure alarm at 2125 hours and 
directed fire brigade personnel to investigate.  Fire brigade personnel discovered all 
three fire pumps were operating without water and determined that the aligned fire water 
storage tank was empty.  After consulting with the control room operators, fire brigade 
personnel shut down all three fire pumps.  Both diesel driven pumps showed evidence of 
overheating - one of which was damaged beyond repair.  Operations and fire brigade 
personnel did not recognize that there was a pipe break until they attempted to refill the 
fire protection system using the electric fire pump aligned to the south fire water storage 
tank.  The pipe break was isolated at 2210 hours allowing recovery of the fire protection 
system. 

.1 Sequence of Events (Refer to Attachment 2 for detailed sequence of events) 

The following is an edited version of the Detailed Sequence of Events found as 
Attachment 2 at the end of this report.  
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  D.C. Cook Turbine Generator and Fire Protection Timeline
September 20 - 22, 2008 

 
9/20/08 20:04 • Unit 2 experiences a large floor vibration, loud rumbling noise, and 

multiple control room alarms. 
9/20/08 20:05 • Unit 1 receives numerous control room alarms on the secondary side with 

severe vibrations and rumbling from the turbine deck.   
• Operators note all vibration points on Main Turbine supervisory panel 

were red which indicates high-high vibrations.   
• Operators manually trip reactor and enter E-0, Reactor Trip and Safety 

Injection.   
• Operators immediately trip open main condenser vacuum breakers to 

stop main turbine rotation.   
• Initial reports from the field indicate that the main generator is on fire.  
 

9/20/08 20:05 Times and Detailed Sequence Unknown 
• Fire occurs in the Unit 1 main generator area. 
• Eventually 40 sprinkler/sprays appear to have actuated.  The licensee 

estimated that the maximum demand from sprinkler systems and hose 
streams was 975 gallons per minute (gpm); within the capacity of a single 
fire pump.   

 
9/20/08 20:05 • Security Officer in Ballistic Resistant Enclosure west of turbine building, 

directly after the vibration and shaking stopped, observed a large amount 
of water coming from near the side of the turbine building. 

 
9/20/08 20:05 

(Apprx) 
Exact Times Unknown due to lack of system parameter recording/monitoring:
• Fire protection header pressures drops to 140 pounds per square inch 

gauge (psig).  The electric fire pump starts.  Both control rooms receive 
an “Electric Fire Pump Running” alarm. 

•  Fire protection header pressure drops to 134 psig.  Both control rooms 
receive a “Fire Water System Header Pressure Low” alarm. 

• Fire protection header pressure drops to 130 psig.  The east diesel fire 
pump starts.  Both control rooms receive an “East Diesel Fire Pump 
Running” alarm.  

• Fire protection header pressure drops to 120 psig.  The west diesel fire 
pump starts.  Both control rooms receive a “West Diesel Fire Pump 
Running” alarm. 

• The Fire Brigade is notified of fire in Unit 1 by firefighters in the security 
office. 

 
9/20/08 20:06 

(Apprx) 
• Operation’s initiates process that sends out a Page to all onsite and 

offsite Fire Brigade personnel. Equipment and communications issues 
result in a paging error and lost phone contacts. 

9/20/08 20:07 • Security Officer in Ballistic Resistant Enclosure D-6 on the West side of 
the Turbine Building, reported by radio, "extreme flooding" in his area to 
"any unit" 
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9/20/08 20:07 
(Apprx) 

• Security Officer in Ballistic Resistant Enclosure D-6 on the West side of 
the Turbine Building reported the observed water to Secondary Alarm 
Station (SAS) by phone. 

9/20/08 20:10 
(Apprx) 

• Control room received "Fire PP House Subpanel Alarm," annunciator due 
to a "North Tank Level Low" annunciator lit on the pump house subpanel.  
Alarm indicates only that the level in the tank has dropped to a volume of 
568,323 to 579,705 gallons (Technical Requirements Manual (TRM)-
required volume), which may be expected upon a fire system demand.   

• Procedure directs the Control Room to send an operator out to the pump 
house to check which Subpanel Alarm is lit.  This action was placed on a 
'To-Do' List and given low priority due to it being an expected alarm.  No 
operators were sent to the pump house until after the fire pumps were 
secured due to lack of water. 

 
9/20/08 20:18 • Shift Manager (SM) has declared an Unusual Event based on a fire in the 

Protected Area not extinguished within 15 minutes and Toxic or 
Flammable gas  release affecting plant operation. 

 
9/20/08 20:18 

(Apprx) 
• SM requested that security perform the accountability procedure.  

Miscommunication results in action not being accomplished. 
9/20/08 20:20 

(Apprx) 
• While performing procedure PMP-2080-EPP-100, Emergency Response, 

Attachment 7, Notification of On-Site Personnel, miscommunications 
resulted in a number of plant managers and the NRC resident inspectors 
not being informed of the event.  

9/20/08 21:02 • During manning of the Technical Support Center (TSC); the incoming 
TSC Security Director was informed that the SM had requested 
Accountability to be performed, but that it had not yet been initiated.   

 
9/20/08 21:20 • Fire protection header pressure again decreases to less than 134 psig 

due to loss of water from the north fire water tank.  Both control rooms 
received a “System Fire Header Pressure Low” alarm  

9/20/08 21:20 • Fire Brigade receives a call from Unit 1 that the Fire Protection (FP) 
system had zero water pressure.   

• Fire protection supervisor entered pump house, discovered all three 
pumps running, and determined that there was no water going into or out 
of pumps based on local pressure readings.  Another fire brigade 
member determined that the north water tank was at zero water level.  
Fire protection supervisor contacted the Unit 1 control room and shut 
down all three pumps. 

 
9/20/08 21:28 • Operations dispatch auxiliary equipment operators to realign pumps to 

the South tank. 
 

9/20/08 21:36 • Shift Manager informs Fire Brigade personnel that the fire header is re-
pressurized using the electric fire pump on the South Tank. 

 
9/20/08 21:38 • Fire Brigade personnel report that they are still losing thousands of 

gallons per minute from the South fire tank and that the electric fire pump 
needs to be secured and isolated. 
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9/20/08 21:47 • Fire Brigade personnel report collapse of asphalt and large amount of 
water coming up on the west side of the plant 

9/20/08 22:10 • Operations isolates FP header leak by closing FP-161, FP-101, and FP-
107 

9/20/08 22:23 • All personnel are accounted for (Accountability complete) 

9/20/08 23:47 • Completed NRC event notification (EN) #44507. 
9/21/08 1:30 • Fire Header Pressure is at 140 psig and stable.  Teams dispatched to fire 

protection pump house to place the electric fire pump in service (full 
starting party of Operations, Maintenance, and Engineering.) 

 
9/21/08 1:55 • Fire Protection header is 154 psi from the pegging pump.   

• Operators start the electric fire pump to demonstrate availability.  Fire 
Protection header pressure rose to 170 psi after electric fire pump was 
started.   

• The starting party concurs that pump operation is acceptable.  
 

9/21/08 2:29 • The South Fire Water Storage Tank (FWST) level is going down at 
~1000gpm. 

 
9/21/08 2:50 • The licensee determines that the 1000 gpm "leak" from the South tank 

was due to the recirculation line up going to the North FWST.  System 
re-aligned. 

 
9/21/08 13:41 • Unit 1 has entered mode 4. 

 
9/22/08 3:27 • Unit 1 has entered mode 5. 

9/22/08 9:40 • The North Fire Protection Water Storage Tank is at 597,200 gallons and 
Operable.   

• Exit TRM 8.7.5 Condition B 
 
.2 Licensee’s Event Response Following the Reactor Trip and Main Turbine Generator Fire 

a. Inspection Scope 

The team evaluated the licensee's initial response to the event, focusing on event 
classification and notifications.  This evaluation included a review of the control room 
operators' use of emergency operating procedures and Emergency Plan implementing 
procedures, and identification of degraded plant conditions.  The team interviewed plant 
personnel and reviewed applicable portions of the Emergency Plan and Emergency Plan 
implementing procedures, emergency operating procedures, emergency response 
organization logs, control room logs, plant process computer data, and corrective action 
program documents. 
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b. Findings and Observations 

Discussion 

On September 20, 2008, at 2005 hours, the Unit 1 main turbine generator experienced 
high vibrations that caused plant operators to manually trip the reactor and break main 
condenser vacuum to quickly stop the turbine from rotating. 

The plant response to the reactor trip was as expected with safety-related systems 
operating as designed.  Control room operators effectively controlled and stabilized plant 
parameters following the reactor trip.  Refer to Section 4OA3.6 of this report for a more 
detailed discussion of operator performance during the event.  The turbine driven 
auxiliary feedwater pump started automatically due to low-low levels in at least two 
steam generators; an expected result for a reactor trip from full power.  The licensee 
made the appropriate 4-hour notification required by 10 CFR 50.72(b)(2)(iv)(B) due to 
the reactor protection system actuation and 8-hour notification required by 10 CFR 
50.72(b)(3)(iv)(A) due to the auxiliary feedwater system actuation. 

A hydrogen fire resulted within the first few minutes of the event when hydrogen 
apparently escaped from one of the generator bushings located below the main 
generator.  Portions of the turbine generator fire suppression system automatically 
actuated and control room operators manually actuated the main turbine lube oil fire 
water spray portion of the system.  The plant fire brigade responded.  The local fire 
department was also called and responded to the site.  The fire was extinguished by the 
fire suppression systems and plant fire brigade around 2030 hours. 

At 2018 hours, the licensee declared a Notification of Unusual Event (NOUE), the lowest 
of four emergency classifications, for a fire in the plant protected area lasting more than 
15 minutes and a flammable gas release that affected plant operation.  The licensee 
made the appropriate notifications to the State of Michigan, local agencies, and the NRC 
Headquarters Operations Center as required by 10 CFR 50.72(a)(3).  However, 
notification calls to senior plant management and to the NRC resident inspectors 
following declaration of the NOUE were not made.   

The team had three observations based on its review of the licensee's response to the 
event: 

1) During review of the emergency classification and event notifications, the team noted 
that in addition to the two emergency action levels identified by the licensee when 
the NOUE was declared (i.e., H-4, fire in the plant protected area lasting more than 
15 minutes and H-5, flammable gas release that affected plant operation), 
emergency action level N-5, main turbine failure, was also applicable.   

 
2) Based on interviews, the team determined that the shift manager had requested 

plant security to implement an accountability of all plant personnel on site shortly 
after he declared the NOUE.  However, there was apparently a breakdown in 
communication between operations and plant security personnel and the 
accountability process was not implemented.  When the Technical Support 
Center (TSC) was activated, the TSC Security Director learned that the 
accountability process had not been implemented and he directed it to be completed.  
The accountability process was implemented at 2102 hours and was completed at 
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2223 hours.  Although there was no completion time specified for accountability of 
plant personnel in the licensee’s Emergency Plan implementing procedure, 1 hour 
22 minutes did not meet licensee management’s expectation for timeliness.   

 
3) The main generator tripped automatically immediately after the main turbine trip due 

to actuation of the generator overall differential auxiliary relays.  Following a normal 
reactor trip and main turbine trip, there is a 30-second time delay before the main 
generator trips.  The licensee was investigating the cause for the immediate main 
generator trip at the conclusion of this inspection.  Although it was abnormal, the 
early main generator trip had no adverse effect on the plant or on the operators’ 
response to the event. 

 
No findings of significance were identified. 

.3 Impacts on Unit 1 

a. Inspection Scope 

 The team reviewed the licensee’s plans and actions for assessing the impact that the 
event had on Unit 1 systems.  The review included discussions with various site 
engineers, review of action plans for evaluating the condition of systems and 
components in the Unit 1 turbine building, review of in-process results from the 
licensee’s reviews, and methods for tracking identified deficiencies.  In addition, in a 
effort to quantify the magnitude of the vibration, the team discussed the response of the 
site’s seismic monitoring equipment with the licensee. 

 b. Findings and Observations 

The licensee’s action plan was broken down by disciplines, e.g., structural integrity 
(civil engineering), piping integrity, and electrical.  The licensee divided the turbine 
building into areas using the pre-existing structural column designation.  Each area was 
reviewed using a team approach by the licensee. The licensee used its corrective action 
program to track identified deficiencies.  The licensee had not completed all reviews at 
the time this inspection was completed.  The team concluded that the licensee’s actions 
to assess the impact of the event on Unit 1 were appropriate. 

The operating basis earthquake for D.C. Cook is 0.10g acting coincidentally with a 
maximum vertical ground acceleration of 0.067g.  Likewise, the safe shut down 
earthquake is a horizontal ground acceleration of 0.20g coincident with a vertical ground 
acceleration of 0.134g.  The licensee has two types of monitoring equipment.  One is a 
recorder with a trip set point to turn the unit on.  The other seismic monitoring equipment 
are peak recording accelerographs (tape plates/scratch gauges), which are passive 
devices without set points.  None of the seismic monitoring devices are located in the 
turbine building.   The set points for starting the recording devices are 0.02g in either the 
horizontal or vertical direction.  The licensee indicated that the recording devices did not 
start during the September 20, 2008 event, indicating that the vibrations did not exceed 
the set point of 0.02g and therefore never approached either the operational or safe 
shutdown seismic levels. 

No findings of significance were identified. 
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.4 Licensee’s Evaluation of Event 

a. Inspection Scope 

To assess the licensee’s evaluation of the events of September 20, 2008, the team 
reviewed the Action Request (AR) documents listed at the end of the report and held 
discussions with licensee personnel.  In addition, the team reviewed the root cause 
evaluation associated with the failed fire protection system piping and the evaluation of 
the various communications issues that arose during the event. 

b. Findings and Observations 

1) Root Cause Evaluation: 

The team observed the licensee’s Corrective Action Review Board (CARB) 
meeting addressing the root cause evaluation of the fire protection system 
issues.  Following CARB’s acceptance of the root cause analysis, with 
comments, the team provided the following feedback based on its assessment of 
the root cause analysis. 

a) The team concurred with the CARB’s assessment that the root cause 
team had identified the primary mechanisms that led to the fire protection 
line failure. 

b) Some statements in the root cause analysis were not supported by 
factual information.  For example, the root cause analysis stated that the 
unknown 8-inch piping running above the fire protection piping placed a 
“significant” bending moment on the failed coupling.  However, there was 
no physical evidence nor discussion presented in the report to 
substantiate the bending moment.   

c) The licensee’s extent of condition review for piping interference was 
narrowly focused by considering only potential interferences impacting 
fire protection lines.  The extent of condition did not consider the 
population of potential interferences of non-fire protection piping.   

d) While issues associated with the failed fire protection piping, e.g., 
procedural deficiencies and performance issues, were included in the 
original scope of the root cause analysis, they were not evaluated in the 
analysis.  All of the performance and procedural issues were moved out 
of the root cause analysis to an apparent cause evaluation.   

2) Investigative Techniques: 

 The team followed the licensee’s activities associated with initial inspection of the 
failed fire protection system coupling, excavation of the washed-out area, 
removal of the coupling and attached piping, and failure analysis of the broken 
coupling.  Based on its reviews, the team had the following observations. 

a) The licensee took a diligent and cautious approach to the initial inspection 
of the failed coupling and excavation of the washed-out area to allow 
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access to and removal of the failed fire protection piping.  The licensee’s 
approach was directed towards personnel safety and preserving the as-
found condition of the failed coupling.   

b) Prior to removing the failed section of fire protection system piping from 
the washed-out area, the licensee did not take as-found measurements to 
locate either the fire protection piping or the unknown 8-inch pipe relative 
to a fixed point.  While this omission may not have changed the outcome 
of the root cause analysis, such measurements may have provided 
additional information relative to the assumed interference between the 
fire protection pipe and the unknown 8-inch pipe described in the root 
cause analysis.   

c) The licensee had not considered interviewing the security officer who was 
in the proximity of the ruptured fire protection line until the team asked if 
they had talked to the individual.  The officer provided critical information 
relative to when the line ruptured, which was otherwise not available 
because of a lack of fire protection system parameter monitoring.   

3) Main Turbine Failure Root Cause Analysis: 

The root cause analysis for the turbine issues was not complete at the end of the 
SIT inspection.  The inspectors followed the licensee's activities associated with 
the initial inspection of the turbine components and their plans for vendor 
evaluation and repair of damaged components.  The licensee took a diligent and 
cautious approach, focused on personnel safety and preserving the as-found 
condition of the damaged turbine casings, rotors and bearings.  Evaluation of the 
licensee's completed root cause analysis will occur under the normal baseline 
inspection program.   

No findings of significance were identified.   

.5 Significance of the Fire Protection System Malfunctions 
 
  a. Inspection Scope 
 

The team evaluated the significance of the fire protection system malfunctions.  The 
evaluation included performing walk-downs of the plant, review of engineering analyses, 
review of operator procedures, review of operator logs, and interviews of engineering 
and fire brigade personnel. 

 
b. Findings and Observations 

 
The fire associated with the turbine event was controlled by installed fire suppression 
systems.  The fire in the Unit 1 main generator area was extinguished within a half-hour.  
Although the pipe break in the yard loop piping occurred early in the event, all three fire 
protection pumps operated to maintain water pressure for the fire protection system until 
the water supply ran out.  Fire protection water header pressure was maintained until 
75 minutes after the turbine failure occurred.  However, even if the fire protection system 
had failed completely initially, the team concluded that the fire and associated damage 
would have been limited to the Unit 1 turbine building area.  The team’s conclusion was 
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based on 1) Unit 2 and nearby safety-related fire areas were separated from the Unit 1 
turbine building area with rated three-hour fire barriers; and 2) any significant quantities 
of oil released would have collected in the Unit 1 turbine building basement, away from 
other fire areas, due to floor openings.   
 
The pipe break in the fire protection system resulted in a temporary loss of water-based 
fire protection capability.  Specifically, water-based fire protection capability was lost for 
approximately 4-1/2 hours until the fire protection yard loop piping break had been 
isolated and fire protection water system pressure had been restored.  During the 
majority of this time, fire trucks and fire protection personnel from Lake Township 
were on-site.  The west diesel driven fire pump and the electric driven fire pump 
were formally declared operable approximately 15 and 17 hours later, respectively.  The 
east diesel driven fire pump was damaged due to the lack of water supply and resultant 
overheating.  Although the east diesel driven fire pump remained unavailable, 200 
percent fire water supply capacity existed for TRM-required water-based fire protection 
systems.  Only one fire pump was necessary to provide supply for TRM-required water-
based fire protection systems.  In addition, the team noted that a number of 
safety-related areas, such as the control room cable vaults and safety-related switchgear 
rooms, relied upon carbon dioxide suppression systems instead of water-based systems 
for fire suppression.  Based on the above information, the team concluded that the 
actual safety significance associated with the fire protection piping break was very low.   
 
The licensee performed calculations for the risk significance associated with the turbine 
failure event and determined that the conditional core damage probability associated 
with the event was less than 1 × 10-6, which was of very low safety significance.  The 
licensee’s analysis was based on the loss of heat removal capability from the Unit 1 
main condenser, loss of Unit 1 main feedwater, and loss of the Unit 1 plant air 
compressor – all of which had been impacted by the event.  The team reviewed the 
licensee’s draft calculation (documented by, PRA-STUDY-053, “Post 9-20-08 Main 
Turbine Failure Risk Assessment,” dated September 2008) and did not identify any 
concerns. 

 
.6  Operator Performance in Response to the Event 

a. Inspection Scope 

The team evaluated operator performance in response to the event, including 
awareness of and response to plant conditions, shutdown activities, response to fires, 
and fire protection system status.  This evaluation included a review of the control room 
operators' use of emergency operating procedures, identification of degraded plant 
conditions, initial actions to mitigate the event, and actions to restore the fire protection 
water system following draining of the in-service north fire water storage tank.  The team 
interviewed plant personnel and reviewed applicable portions of the Technical 
Requirements Manual (TRM), emergency operating procedures, annunciator response 
procedures, plant drawings, control room logs, plant process computer data, and 
corrective action program documents.   
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b. Findings and Observations 

Discussion 

On September 20, 2008, at 2005 hours, very high vibrations of the Unit 1 main turbine 
generator caused plant operators to manually trip the reactor and break main condenser 
vacuum to quickly stop the turbine. 

Control room operators effectively controlled and stabilized plant parameters following 
the reactor trip.  The plant response to the reactor trip was as expected with all 
safety-related systems operating as designed, and no unexpected safety related system 
actuations identified.  By reviewing the plant process computer alarm printout and 
control room logs, the team noted that operators promptly assessed the abnormal 
condition and manually tripped the reactor.  Excessive noise, building vibration, and 
multiple alarms, alerted operators to the impending main turbine failure.  Breaking main 
condenser vacuum resulted in the loss of the ability to use the main condenser steam 
dump valves.  Also, in response to excessive plant cooldown following the reactor trip, 
operators closed the main steam isolation valves.  Operators attributed the excessive 
plant cooldown primarily to the inability to close the bypass header steam lead drain 
valves (1-DRV-403 and 1-DRV-404).  A 250 Volt direct current control power 
circuit,1-CRCD-7, tripped during the event. This prevented isolation of numerous 
extraction steam lead drains due to the loss of control power.  Decay heat removal was 
achieved using steam generator atmospheric relief valves.   

A hydrogen fire resulted within the first few minutes of the event when a seal on one of 
the main generator bushings failed and hydrogen was released.  Portions of the turbine 
generator fire suppression system automatically actuated and control room operators 
manually actuated the main turbine lube oil fire water spray portion of the system.  The 
plant fire brigade responded.  The local fire department was also called and responded 
to the site.  The fire was extinguished by the fire suppression systems and plant fire 
brigade around 2030 hours.   

While the operators took prompt effective actions to place the Unit 1 reactor in a safe 
shutdown condition, none of the on-shift operators recognized the significance of all 
three fire pumps running because of procedural and training deficiencies.  Specifically 
the operators did not recognize that there were no fire scenarios which would require 
more than two fire pumps to be running and therefore didn’t recognize that three pumps 
running was indicative of a system failure.  See item 1) below for additional details.   

At approximately 2125 hours, a fire system low pressure alarm alerted operators to a 
problem with the system.  Operators stopped the site’s three fire pumps.  Unbeknownst 
to the operators, the site fire protection header had ruptured and one of the site’s two 
nominal 585,000 gallon fire protection storage tanks had been pumped dry.  By 2309 
hours, operators had isolated the rupture and established alternate fire water supplies.  
All three fire pumps overheated because they ran dry for some time.  The two diesel 
engines are supplied cooling by the fire water supply.  By approximately 0200 hours on 
September 21, the motor-driven fire pump was restored to an operable status.  One of 
the two diesel-driven fire pumps was restored to operable status by mid-day on 
September 21, 2008.  The other diesel driven fire pump was damaged and had to be 
replaced.  Refer to Section 4OA.3.8 of this inspection report for a more detailed 
discussion of the fire protection system issues revealed by this event. 
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The licensee inspected Unit 2 to ascertain whether there was any damage as a result of 
the vibrations associated with the Unit 1 main turbine failure.  No significant damage was 
identified affecting the operation of Unit 2. 

The team identified one finding and three observations based on its review of the 
licensee's response to the event: 

1) Failure to Provide Adequate Operator Response Procedures 

Introduction:  A finding of very low safety significance was indentified by the team for the 
failure to have appropriate procedures for control room operator actions.  Specifically, a 
control room annunciator response procedure for a fire protection alarm panel failed to 
provide appropriate guidance for diagnosing a fire protection system pipe failure.  The 
licensee entered the issue into their corrective action program and planned to revise the 
procedure.   

 
Description:  Procedure 1-OHP-4024-101, “Annunciator #101 Response:  Plant Fire 
System,” revision 19, provided guidance to the operators for responding to alarms 
(referred to as drops) on the number 101 annunciator panel in the Unit 1 control room.  
The drop 11 section of procedure 1-OHP-4024-101 provided guidance for responding to 
the “Water Fire System Pressure Low” annunciator.  The drop 11 section identified 
operation of a water-based fire suppression system and a break in fire protection system 
water piping as the two probable causes for the annunciator.  The drop 11 section 
directed operators to check for other fire system panel annunciators, locate reason for 
water demand, and stop fire pumps when water was no longer required.  The drop 11 
section further directed operators to ensure all fire pumps were running and ensure that 
there was sufficient level in the water tank lined up to the fire pumps.   

The team noted that for the majority of potential water demands on the fire protection 
system, one fire pump was sufficient.  Only one scenario involving the Unit 1 main 
transformer deluge system required two fire pumps.  The procedure directive to ensure 
all fire pumps were running, in conjunction with operators’ understanding of system 
operation, led operators to believe that having all three fire pumps operate in response 
to a fire protection system demand was an expected response.  This belief masked the 
fact that a significant fire protection system pipe break had occurred during the 
September 20, 2008 event.  Control room operators assigned a low priority to sending 
an operator to the fire pump house, in part, due to this belief.  Although the drop 11 
section identified a break in fire protection system water piping as one of the probable 
causes for low fire header pressure, the procedure did not provide any guidance for 
diagnosing whether a break in the fire protection water system had occurred. 

Annunciator drops 34, 44, and 54 of procedure 1 OHP-4024-101 provided guidance 
for responding to the electric fire pump running and the East and West Diesel fire 
pump running annunciators.  Drops 44 and 54 responses also referenced procedure 
12-OHP-4021-066-00, “Fire Protection System (Water) Operation,” revision 19, for 
assessing proper diesel operation.  The guidance for all three drops was essentially the 
same; dispatch an operator to the fire pump house to monitor operation of the pumps 
and drivers.  The team noted that while the individual drop sections and referenced 
procedures provided guidance on assessing operating parameters of the electric and 
diesel pump drivers, none of the procedure sections addressed operation of the fire 
protection system nor did any of the procedure sections specify monitoring the water 
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tank level to ensure an adequate water supply to the pumps.  The team noted that there 
is no automatic exchange of water supply from the one tank to the other under any 
circumstances. 

License condition 2.C(4) for the Unit 1 operating license required the licensee to 
implement and maintain in effect, all provisions of the approved fire protection program 
as described in the Updated Safety Analysis Report (USAR).  Section 9.8.1 of the USAR 
stated that the Fire Protection Program Manual comprised part of the approved fire 
protection program.  Section 2.4 of the Fire Protection Program Manual stated that the 
fire protection quality assurance program was specified in the Quality Assurance 
Program Description (QAPD).  Section 7.a of the QAPD stated that the licensee 
complied with quality assurance guidance documents listed in Table 1, “Regulatory and 
Safety Guides/ANSI Standards,” of the QAPD.  Item 23 of the QAPD Table 1 listed the 
June 14, 1977, “Nuclear Plant Fire Protection Functional Responsibilities, Administrative 
Controls, and Quality Assurance (FRACQA),” as one of the standards.  The FRACQA 
required that fire fighting procedures be established for actions to be taken by control 
room operators upon receipt of alarms on control room annunciator panels.  Based on 
the above requirements, the team determined that the annunciator procedures for the 
fire alarm panels and procedures referenced by annunciator procedures for the fire 
alarm panels were required, by license condition, to be established and maintained.  The 
team considered procedures 1-OHP-4024-101 and 12-OHP-4021-066-001 to not be 
appropriate to the circumstances in that 1) procedural guidance to ensure all fire pumps 
were running contributed towards operators believing that having all fire pumps running 
was a normal part of system operation, 2) guidance to diagnose fire protection system 
pipe breaks was lacking, and 3) guidance to monitor fire water tanks levels to ensure 
adequate water supply was also lacking.   

Analysis:  The team determined that the failure to have procedures appropriate to the 
circumstances for control room operator actions upon receipt of alarms on control room 
annunciator panels was a performance deficiency.  The finding was determined to be 
more than minor because the failure to have procedures appropriate to the 
circumstances for control room operator actions upon receipt of alarms on control room 
annunciator panels was associated with the Mitigating Systems cornerstone attribute 
Procedure Quality and affected the cornerstone objective of ensuring the reliability and 
availability of systems that respond to initiating events to prevent undesirable 
consequences.  Specifically, the failure to provide adequate procedural guidance 
contributed towards operators, in response to the September 20, 2008, event, failing to 
recognize that operation of all three fire pumps was abnormal and that a fire protection 
system pipe break had occurred.   

In accordance with IMC 0609, “Significance Determination Process,” 
Attachment 0609.04, “Phase 1 - Initial Screening and Characterization of Findings,” 
Table 3b the team determined the finding degraded the fire protection defense-in-depth 
strategies.  Therefore, screening under IMC 0609, Appendix F, “Fire Protection 
Significance Determination Process,” was required.  The team noted that the finding 
affected the availability and reliability of water-based suppression systems and water-
based fire brigade activities.  IMC 0609, Appendix F, does not effectively address 
findings involving potential loss of fire protection water supply nor does it address 
findings that affect performance of the fire brigade.  As such, NRC management review 
using IMC 0609, Appendix M, “Significance Determination Process Using Qualitative 
Criteria,” was required.  The September 20, 2008 event approximated a worst case 
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scenario in that a large (i.e., 12 inch) fire protection system piping break had occurred 
coincident with significant water-based fire suppression system demands.  The 
September 20, 2008, event demonstrated that there was sufficient pumping capacity to 
maintain fire header pressure in excess of one hour which permitted substantive time for 
a fire to be controlled and for off-site fire protection resources to be made available 
thereby limiting the significance of the procedural inadequacies.  Based on the above 
qualitative analysis, the team, with the concurrence of NRC management, determined 
that the finding was of very low safety significance (Green).   

This finding has no cross-cutting aspect associated with it because the time frame in 
which the procedure should have been modified was approximately 13 years ago and no 
opportunities to identify the discrepancy were identified between then and now.   

Enforcement:  As of September 20, 2008, procedures 1-OHP-4024-101 and 
12OHP-4021-066-001 were not appropriate to the circumstances in that 1) procedural 
guidance to ensure all fire pumps were running contributed towards operators believing 
that having all fire pumps running was a normal part of system operation, 2) guidance to 
diagnose fire protection system pipe breaks was lacking, and 3) guidance to monitor fire 
water tanks levels to ensure adequate water supply was also lacking.  Although these 
procedures were required to be established and maintained as part of the fire protection 
program, the specific requirement (10 CFR Part 50, Appendix B, Criterion V, 
“Procedures”) to have procedures appropriate to the circumstances was not applicable 
because the fire protection system was a non-safety related system.  Therefore, no 
violation of regulatory requirements occurred.  This issue was considered a finding of 
very low safety significance.  The licensee entered this issue into their corrective action 
program as AR Number 00839618, Fire Header Low Pressure Annunciator Response, 
20081002 and planned to revise the procedure.  (FIN 05000315/2008009-01; 
05000316/2008009-01) 

2) Operator Delay in Reducing Auxiliary Feedwater System Flow 

During review of plant data following the event, the team noted that the excessive plant 
cooldown was also attributed, in part, to delay in reducing auxiliary feedwater system 
flow to the steam generators and delay in transferring auxiliary steam loads from Unit 1 
to Unit 2.  Normally, operators should not have to close main steam isolation valves to 
address excessive plant cooldown following a reactor trip.  Considering the challenges 
presented to plant operators during this event, the above delays were understandable.  
The team concluded that operators appropriately prioritized response actions during the 
early stages of the event and that the delay did not represent a performance deficiency.  
Closing main steam isolation valves had no additional plant impact because the main 
condenser, the normal plant heat sink, was already lost since operators had broken the 
main condenser vacuum to stop the main turbine from rotating. 

3) Failure to Communicate Pipe Break to Control Room 
 

Within the first several minutes of the event, a security officer identified a large flow of 
water coming up from the ground just outside the west side of the turbine building 
indicating a rupture of a subterranean pipe.  The officer first attempted to contact any 
security office by radio.  When this failed he contacted the secondary alarm station by 
telephone.  This significant information was never communicated to the control room 
personnel. 
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4) Failure to Follow Procedure for Switching Tanks for Fire Protection System 

Description:  As part of the restoration of the fire protection system, following draining of 
the north water tank, operators switched the fire water suction source to the south water 
tank.  The pressure relief path for the fire pumps was back to the fire water tanks and 
was normally aligned to the fire water tank from which suction was being drawn.  The 
pressure relief path alignment was performed by locally operating manual valves at the 
fire water tanks.  While operations personnel successfully switched the suction source 
for the fire pumps to the south fire water tank, they did not switch the pressure relief flow 
path from the north tank to the south tank.  After the electric fire pump was started, fire 
brigade personnel noted that level was dropping in the south fire water tank and that the 
level was increasing in the north fire water tank.  Operations personnel realized that the 
recirculation flowpaths had not been realigned and corrected the recirculation flowpath 
valve alignment.   

Attachment 16, “Switching from North Fire Protection Water Storage Tank to South Fire 
Protection Water Storage Tank,” of procedure 12-OHP-4021-066-001 provided 
procedural guidance for switching the fire water to the south tank.  The precautions and 
limitations section of the procedure attachment specifically discussed the potential for 
transferring a large volume of water from one storage tank to the other due to the 
recirculation flowpath.  The procedure attachment provided specific steps for opening 
the recirculation flowpath to the south fire water tank and isolating the recirculation 
flowpath to the north fire water tank.  The procedure attachment also required 
independent verification of these steps.  The failure to correctly implement procedure 12-
OHP-4021-066-001 was a performance deficiency.  However, the failure to correctly 
implement the procedure was quickly recognized and corrected.  In addition, the failure 
did not result in any loss of fire protection water supply.  As such, the team concluded 
that the issue was of minor safety significance and did not warrant a finding as described 
in IMC 0612, “Power Reactor Inspection Reports,” issued December 4, 2008. 

.7 Equipment Quarantine 

a. Inspection Scope 

The team observed the licensee activities to preserve information, i.e., quarantine 
activities, relative to the failed fire protection piping coupling during initial inspection 
activities, excavation activities, and extraction activities of the failed piping from the 
wash-out area. 

b. Findings and Observations 

The team concluded that the licensee appropriately balanced efforts to preserve physical 
information with personnel safety in handling the broken fire protection system coupling.  
The broken coupling was located under a large concrete pad that was resting against 
the turbine building wall on one side and sandy soil on the other.  Observation of the 
coupling was limited to what could be seen without going under the concrete pad.  The 
licensee used appropriate precautions in lifting the pad to allow access to the coupling.  
Following removal of the pad, the licensee used a vacuum truck to remove the loose 
sandy soil from the wash-out area using supports to ensure the 8 inch unknown pipe did 
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not shift during excavation.  The area was designated as a confined access area for 
personnel safety and controlling access to the area. 

The team did note, as documented in Section 4.b.2.b) of this report, that the licensee did 
not take as-found measurements/dimensions to accurately locate the various pipes with 
respect to each other.   

No findings of significance were identified. 

.8 Fire Protection System Performance 

a. Inspection Scope 

The team reviewed the fire protection system design and the system’s performance 
during the September 20, 2008, event to assess whether the system operated as 
designed.  In reviewing the fire protection system design, the team reviewed system 
drawings (piping and electrical) and system descriptions and held discussions with fire 
brigade members and system engineers. 

b. Findings and Observations 

 The team concluded that the fire protection system functioned as designed in response 
to the fires associated with the turbine event and the ruptured 12 inch fire protection 
piping.  The team did not identify deficiencies related to the design of the fire protection 
piping section that failed.  The design and installation of the failed piping section was 
consistent with specifications of the National Fire Protection Association (NFPA) 24, 
“Outside Protection” that were in effect at the time of construction.  While the team 
concluded that the system was adequately designed, installed, and functioned as 
designed, the team had a number of observations. 

1) Lack of Low-Low Fire Water Tank Alarm, Pump Trip 

Description:  Each fire water tank had a low level alarm set point of 568,323 to 579,705 
gallons.  The set points were established to ensure that 565,000 gallons of usable water 
was maintained in each of the fire water tanks as required by the Technical 
Requirements Manual.  The alarms provided annunciation in the fire pump house which, 
in turn, provided a general “Fire Pump House Subpanel Alarm” alarm in the control 
room.  For any significant water demand upon the fire protection system, a low level 
alarm for the tank in use would be expected.  As such, the low level alarms did not 
provide useful information to operators that there was an unexpected condition or that 
there was insufficient water to maintain pump net positive suction head (NPSH).  The 
system’s design did not provide an alarm to notify operators of a low water level 
condition which could affect operability of the pump.  The team did not identify a 
performance deficiency relating to this observation because there are no regulatory 
requirements for such an alarm. 

In addition, the fire pumps did not have a low suction pressure pump trip to ensure that 
the pumps would not be damaged due to low water level conditions.  The team noted 
that NFPA 20-1980, “Standard for Installation of Centrifugal Fire Pumps,” did not 
explicitly address automatic shutdown of fire pumps due to low suction pressure.  The 
only automatic pump shutdown discussed by NFPA 20-1980, as not being bypassed 
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when a starting cause existed, was engine emergency overspeed.  As such, the NFPA 
codes appeared to prohibit shutdown of fire pumps for reasons other than local manual 
shutdown.  The licensee did have the option to deviate from the NFPA code in this 
regard, install a pump trip upon low suction pressure, and document the deviation.  
Given the limited nature of the water supply, an evaluation of this condition would have 
been appropriate.  The damage to a fire protection pump during this event would likely 
have been avoided if such a trip had been installed.  The team did not identify a 
performance deficiency relating to this observation because there are no regulatory 
requirements for such a pump trip. 

2) Limited Fire Protection System Information Available in Control Room 
 

Information available to control room operators concerning the operational status of the 
fire protection system was limited.  For the water-based suppression systems, the fire 
protection alarm panel in the control room was generally limited to providing information 
that the system had actuated, which fire pumps were running, and if there was an alarm 
relating to individual fire pump controllers.  Additionally, the control room alarm panel 
provided fire water header pressure indication, a low fire water header pressure alarm, 
and a fire pump house subpanel alarm.  However, the low water tank level alarms, along 
with tank level indications, were only located in the fire pump house, which was not 
routinely, manned.  A low water tank level alarm coming in at the fire pump house 
subpanel would have only resulted in the fire pump house subpanel alarm annunciating 
in the control room with no information concerning the cause of the alarm.  As such, 
control room operators did not have any readily available information concerning water 
tank levels for the fire protection system.  The team did not identify a performance 
deficiency relating to this observation because there are no regulatory requirements for 
such control room indications. 

3) Lack of Permanent Recording of Fire Protection Alarms 

Description:  The licensee’s fire alarm signaling system lacked the capability to 
permanently record fire protection system alarms, which came in.  In addition, the 
controllers for the fire protection pumps lacked the capability to permanently record fire 
header pressures.  The team noted that the lack of a permanent recording capability 
hindered the evaluation of the event.  Specifically, timing information regarding the 
actuation of the fire pumps and turbine building suppression systems would have been 
helpful for verifying that the fire pumps had started sequentially (as required by 
NFPA 20) and did not cause a pressure surge contributing to the break.  Pump 
sequencing was subsequently checked by verifying calibration of the pressure switches 
and timing devices for automatic pump starts.  In addition, having recorded pressure 
information would have been helpful for determining that water hammers caused by 
actuation of fire suppression systems did not contribute to the break.  The licensee 
subsequently performed engineering analyses to show that such water hammers could 
not have resulted in sufficiently high pressure transients at the break location to 
contribute to the break.  The team noted that the NRC has not required that licensees 
maintain a permanent recording capability and that the lack of such capability would not 
directly impact fire protection capability.  As such, the team concluded that the lack of 
such permanent recording capability at the D.C. Cook Nuclear Plant did not represent a 
performance deficiency. 
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4) System Design Pressure 

During review of the fire protection system piping failure, the team questioned the design 
operating pressure of the fire protection system.  The piping specification documents for 
the underground fire protection piping indicated that the design operating pressure of the 
system was 150 pounds per square inch gauge (psig).  The team determined that the 
system normal operating pressure around 170 psig, with pressure as high as 175 psig 
being normal during pump operation.   

The licensee reviewed the design operating pressure of each component in the fire 
protection system and concluded that all components were rated at greater than or equal 
to 175 psig.  The licensee then developed a white paper assessing the condition and 
concluded, based on a review of individual components and piping design pressures, 
that the design pressure for the system should be 175 psig rather than the previously 
stated 150 psig.   

The team concluded that the licensee’s corrective actions, documented in 
AR Number 00840308, Fire Water System Design/Operating Pressures, were 
reasonable and appropriate.  The team determined that the discrepancy between the 
specified design pressure and operating pressure was of minor significance and did not 
warrant a documented finding as described in IMC 0612. 

No significant findings were identified. 

.9 Licensee’s Corrective Actions to Restore Fire Protection System Operability 

a. Inspection Scope 

The team reviewed the actions taken by the licensee to compensate for the loss of the 
fire protection water system to ensure the continued acceptability of the system to 
support operation of Unit 2.  The review included discussions with the fire protection 
system engineer and fire brigade members and evaluations of the compensatory 
measures in place. 

b. Findings and Observations 

The team concluded that the actions taken to restore the system to an operable 
condition and the compensatory actions taken to address the failed section of the fire 
protection system were adequate to support continued operation of Unit 2. 

1) Lack of Fill and Vent Procedure 

After the fire protection system piping rupture was located and isolated, the licensee 
refilled the water system piping using water from the south fire water tank.  Because the 
licensee did not have a procedure providing guidance for filling and venting the system, 
fire brigade personnel relied on historical knowledge to initially vent the system on 
September 21, 2008, to ensure that the system did not have significant pockets of air 
trapped.  The brigade members’ historical knowledge dated back to the early 1990’s 
when the system took a suction from the lake (instead of water storage tanks) and the 
system had to be treated periodically to control marine growth in the piping.  Although 
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the historical knowledge included some of the high point vents, not all of the numerous 
high point and isolated piping vents were included. 
 

 When the team brought this issue to the licensee’s attention, the licensee developed a 
work instruction which accounted for all of the high point and isolated piping vents.  
The team reviewed the work instruction, on a sample basis, and verified that necessary 
high point and isolated piping vents were included in the instruction.  The licensee 
re-performed venting of the fire protection system based on the developed work 
instruction.  The team witnessed portions of the venting and noted that although small 
amounts of air were entrained in the system, no significant amounts of trapped air were 
identified.  In addition, the licensee entered the issue into their corrective action program 
(AR Number 00840233, Venting of Fire Protection System, lacks guidance) to develop a 
formal procedure for filling and venting the fire protection system.  The failure to have a 
procedure for a fire protection maintenance activity such as filling and venting the 
system was a performance deficiency.  However, because part of the fire protection 
system would essentially be vented to air when in use, the team concluded that the 
presence of limited quantities of air in the fire protection system downstream of the 
pumps would not present an operability concern.  As such, the team determined that the 
issue was of minor safety significance and did not warrant a documented finding as 
described in IMC 0612. 

2) Off-site Fire Protection Assistance 
 

Shortly after the turbine event occurred, the licensee requested assistance from the 
off-site fire department (Lake Township).  Fire trucks from off-site arrived within 15 
minutes of assistance being requested.  Lake Township firefighters assisted plant fire 
brigade personnel with fire fighting activities.  Lake Township fire trucks remained on-site 
for the majority of time that the fire protection system water header was depressurized 
due to the break.  The team did not identify any concerns with respect to assistance 
provided by the Lake Township Fire Department nor with the licensee’s procedures for 
bringing off-site fire protection assistance on-site. 
 

3) Compensatory Actions for Loss of Hydrant 
 

In response to the fire protection system pipe break, the licensee isolated a portion of 
the fire protection system yard loop piping to allow restoration of the rest of the yard loop 
piping.  The isolation resulted in one outside hydrant not being operational.  The licensee 
promptly established a back-up hose line from a nearby outside hydrant as a 
compensatory measure consistent with Technical Requirements Manual (TRM) 
requirements.  The team inspected the back-up hose line and did not identify any 
concerns. 

 
4) Temporary Lines from City Water System Established 
 

In response to the fire protection system pipe break and resultant loss of fire protection 
system pumping capability, the licensee established a back-up water supply within 
approximately 90 minutes after loss of fire header pressure from a municipal fire hydrant 
located outside the owner controlled area.  Although the connection had considerably 
less water flow capability than a single fire pump, the connection satisfied TRM 
requirements for a back-up water supply.  The team inspected the back-up water supply 
connection and did not have any concerns. 
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4OA6  Management Meetings 

.1 Exit Meeting Summary 

On December 15, 2008, the Team Lead presented the inspection results to Mr. L. Weber 
and other members of the licensee staff.  The licensee acknowledged the issues 
presented.  The team confirmed that none of the potential report input discussed was 
considered proprietary.
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SUPPLEMENTAL INFORMATION 

KEY POINTS OF CONTACT 

Licensee 

D. Baker, Mechanical/Civil/HVAC/EFIN Supervisor  
R. Crane, Learning Organization Manager  
J. Gebbie, Plant Manager  
R. Gray, Fire Protection Program Manager  
J. Jensen, Site Support Services Vice President  
K. Horsh, Fire Protection System Manager  
C. Hutchinson, Emergency Preparedness Manager  
E. Lee, Fire Protection Supervisor  
S. Lies,  Plant Engineering Director  
P. Mangan, Design & Modifications Manager  
D. MacDougall, Fire Protection Engineer  
R. Niedzielski, Regulatory Affairs Specialist  
R. Peltz, Fire Protection Compliance Coordinator 
J. Petro, Senior Counsel  
P. Schoepf, Regulatory Compliance Manager  
H. Torberg, Site Protection Manager  
L. Weber, Site Vice President  
J. Zwolinski, Regulatory Affairs Manager  
 

LIST OF ITEMS OPENED, CLOSED, AND DISCUSSED 

Opened/Closed 

05000315/2008009-01 FIN Failure to Provide Adequate Operator Response Procedures 
for Fire Protection System Operation Section 6.b.1) 
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LIST OF DOCUMENTS REVIEWED 

Corrective Action Program Documents: 
 
AR Number 08259044; 12-FP-167 Water hammering while testing the valve; 20080915 
AR Number 00838732, Unit 1 main generator malfunction and reactor trip, 20080921 
AR Number 00838833, 12-TK-295N emptied during fire response, 20080921 
AR Number 00838836, 12-FP-167 Water Hammering while testing the valve, 20080915 
AR Number 00838849, Emergency Vehicles inside the Protected Area, 20080921 
AR Number 00838857, Evaluate U-1 9/20/08 UE for DEP and E-Plan Response, 20080922 
AR Number 00838929, East Diesel Driven fire pump Damaged, 20080920 
AR Number 00838930, Ruptured fire header on the west side of the plant, 20080922 
AR Number 00838939, Washout in microwave zones 21 & 22, 20080922 
AR Number 00838961, Unexpected alarm, 20080921 
AR Number 00838969, Failure to make management/NRC phone notifications 
AR Number 00838976, Operations was not monitoring radio transmissions, 20080920 
AR Number 00839020, Fire Brigade radio in TSC, 20080923 
AR Number 00839053, Discharge piping washed out – erosion, 20080924 
AR Number 00839055, Fire Water Tank alignment incomplete during re-alignment, 20080922 
AR Number 00839083, Delayed fire response due to lack of security support, 20080923 
AR Number 00839229, NFPA 20 Suction Piping code Non-Compliance, 20080925 
AR Number 00839230, Decrease in Fire Protection system Header pressure, 20080926 
AR Number 00839369, Delayed 1801 Fire Brigade page out, 20080929 
AR Number 00839546, ARP on Fire Pump start – validate system integrity, 20081003 
AR Number 00839618, Fire Header Low Pressure Annunciator Response, 20081002 
AR Number 00839672, Response to IN 98-31, 20081001 
AR Number 00839677, Yard Drawing 12-5260 nearly illegible, 20081006 
AR Number 00839741, Inadequate documentation for West Diesel Driven fire Pump, 20081007 
AR Number 00839755, U1FOB Trip Report Withdrawn from PORC, 20081007 
AR Number 00839815, Packing Gland Protruding from Stuffing Box, 20081003 
AR Number 00839907, Unidentified pipe identified in the yard west of the turbine, 20081008 
AR Number 00840233, Venting of Fire Protection System, lacks guidance, 20081015 
AR Number 00840308, Fire Water System Design/Operating Pressures, 20081017 
AR Number 00841348, In-Depth apparent Cause Evaluation,     
AR Number eSAT # 08268036, Unit 1 Main Turbine Lube Oil Spill & Clean-up, 20080925 
AR Number eSAT # 08291046, Fire Water System Design/Operating Pressures 
 
Logs and Computer Print Outs: 
 
Unit 1 and Unit 2 Control Room Logs, September 20-21, 2008 
Shift Manager’s Log, September 20-21, 2008 
Emergency Response Organization Logs from the Control Room, Technical Support Center, 

and Emergency Operations Facility, September 20-21, 2008 
Plant Process Computer Alarm Printout from the Unit 1 Reactor Trip, September 20, 2008 
Plant Process Computer Sequence of Events Log from the Unit 1 Reactor Trip, 
September 20, 2008 
Plant Process Computer Plant Parameter Graphs (Various) from the Unit 1 Reactor Trip, 
September 20, 2008 
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Drawings: 
 
OP-1-5152B-15, Flow Diagram Fire Protection-Water Turbine Bldg. & Screen House Unit 1 
OP-2-5152C-10, Flow Diagram Fire Protection-Water Turbine Bldg. & Screen House Unit 2 
OP-12-5152D-12, Flow Diagram fire Protection-Water Auxiliary & Containment Buildings 

Unit 1 & 2 
OP-12-5152G-11, Flow diagram fire Protection-Water Yard Piping and System Details- Visitors 

Center & Warehouses 1,2, & 3 
OP-12-5152S-5, Flow diagram fire Protection-Water Piping at N & S Storage Tanks Units 1 & 2 
OP-12-5152T-11, Flow Diagram fire Protection –Wtr Piping in Pump House Floor El. 598’-0” 

Units 1 & 2 
OP-12-5152N-17, Flow Diagram fire Protection Water Sys Detail Yard Piping Aux Bldg Unit 

1 & 2 
OP-12-5103-6, Flow Diagram Standard Symbols (Piping & Valves) 
OP-12-5152-13, Flow Diagram fire Protection –Water Yard Piping Unit 1 & 2 
OP-12-5152F-5, Flow Diagram fire Protection –Water Office & service Buildings Unit 1 & 2 
OP-12-5152H-11, Flow Diagram Fire Protection-Water Yard Piping & System Details Training 

Ctr, Simulator Bldg & Radioactive material Bldg 
1-5186-29, Floor and Wall sleeves Sections and details 
12-5260-42, Yard Piping Units 1 & 2 
12-5260A-1, Yard Piping section & Details Units 1 & 2 
12-5260B-4, Yard Piping Section & details Units 1 & 2 
12-5262-18; Yard Piping, Units 2 & 2; Revision 14 
1-AEP-PHCO-2176, Sh23, Fire Protection Unit #1 Crane Bay Area Prot. 
1-AEP-GRFI-46-032-71M, Sh31, Fire Protection Unit No. 1 Below El 633”-0” Generator End 

Mezz. Floor & Cable Racks & Oil Piping 
1-AEP-GRFI-46-032-71M, Sh41, Fire Protection Unit No. 1 Below El 633’-0” Generator End 

Mezz. Floor Oil Piping 
1-AEP-GRFI-46-032-71M, Sh30, Fire Protection Unit No. 1 Below El 633’-0” Generator End 

Mezz. Floor Oil Piping 
1-AEP-GRFI-46-032-71M, Sh29, Fire Protection Unit No. 1 Below El 633’-0” Generator End 

Mezz. Floor Oil Piping 
1-AEP-GRFI-46-032-71M, Sh28, Fire Protection Unit No. 1 Below El 633’-0” Generator End 

Mezz. Floor Oil Piping1-AEP-GRFI-46-032-71M, Sh23, Fire Protection Unit No. 1 Below 
El 633’-0” Generator End Mezz. Floor Oil Piping 

Procedures: 
 
12-FPP-2270-066-002; Establishment of Backup Fire Protection Water Supplies; Revision 2 
12-FPP-2270-066-029; Operation of the Fire Protection Fire Pump(s); Revision 0 
1-OHP-4024-101; Annunciator #101 Response: Plant Fire System; Revision 19 
1-OHP-4024-101; Annunciator #102 Response: Miscellaneous Areas Fire System; Revision 12 
12-OHP-4021-066-001; Fire Protection System (Water) Operation; Revision 19 
12-OHP-4024-144; Annunciator #144 response: Fire Protection Pump House 12-FHP; 

Revision 3 
12-OHP-4025-001-002; Fire Response Guidelines; Revision 3 
1-OHP-4023-E-0, “Reactor Trip or Safety Injection,” Revision 31 
1-OHP-4023-ES-0-1, “Reactor Trip Response,” Revision 25  
PMP-4030-001-002, Administrative Requirement for Ventilation Boundary and High Energy Ling      

Break Barriers 
PMP-2080-EPP-100, “Emergency Response,” Revision 14 
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PMP-2080-EPP-101, “Emergency Classification,” Revision 12 
PMP-4010-TRP-001, “Reactor Trip Review,” Revision 9 
Post Trip Review Data Sheets from the Unit 1 Reactor Trip, September 20, 2008 

Engineering Specifications: 
 
DCCPM 104 QCS; Material Specification; Revision 6 
DCCPV108QCS; Installation of Underground Piping; Revision 5 
DCC-PV-110-QCF; Shop and Field Fabrication and Erection of Fire Protection Piping; 
Revision 7 
 
Analyses: 
 
Altran 08-0468-TR-001; Investigation of Waterhammer Loads on Fire Protection Water System 
Header; Revision 0 
DCC-FP12-WS18-F; Pressure/Temperature Verification; Revision 1 
PRA-STUDY-053; D.C. Cook Nuclear Plant PRA Study, Preliminary, Cook Unit 1, Post 9-20-08 
Main Turbine Failure Risk Assessment; dated September 2008 
Root Cause Analysis, Separation of Fire Water header Pipe Coupling following Turbine Failure 

CR 00838930 
 
Other: 
 
Event Notification Worksheet EN 44507, September 20, 2008 
EMD-32a, Nuclear Plant Event Notification Message Number CR-1, September 20, 2008 
EMD-32a, Nuclear Plant Event Notification Message Number EOF-9, September 21, 2008 
EMD-32b, Nuclear Plant Event Technical Data Message Numbers EOF-1 through EOF-8,   

September 20-21, 2008 
Donald C. Cook Nuclear Plant Unit 1 Technical Requirements Manual and Bases, Section 8.7.5, 

“Fire Suppression Water System,” Revision 27 
Fire Pre-Plans; Revision 6 
Work Order Package 55251620 01, 12-ZPS-415, P.M. Calibration and PMT, West Diesel Driven 

fire Pump 
Work Order Package 55252209 01, 12-ZPS-415, P.M. Calibration and PMT, East Diesel Driven 

fire Pump 
Work Order Package 55252226 01, 12-ZPS-415, P.M. Calibration and PMT, Electric Motor 

Driven Fire Pump 
Work Order Package 55288664, Fire Pump Performance and Starting Sequence Tests 
 12-)HP-4025-001-002, Fire Response Guidelines 
NRC Information Notice 98-31, Fire Protection System design Deficiencies and common-Mode 

Flooding of emergency Core Cooling system Rooms at Washington Nuclear Project Unit 2, 
August 18, 1998. 

PRA-STUDY-053, “Post 9-20-08 Main Turbine Failure Risk Assessment,” dated September 
2008



 

 5  Attachment 1 

LIST OF ACRONYMS USED 
 
AR  Action Request 
CARB  Corrective Action Review Board 
CFR  Code of Federal Regulations 
FP  Fire Protection 
FRACQA Functional Responsibilities, Administrative Controls, and Quality Assurance 
FWST  Fire Water Storage Tank 
GPM  Gallons per minute 
IMC  Inspection Manual Chapter 
NFPA  National Fire Protection Association 
NOUE  Notification of Unusual Event 
NRC  Nuclear Regulatory Commission 
PSIG  Pounds per square inch gauge  
QAPD  Quality assurance Program Description 
SAS  Secondary Alarm Station 
SIT  Special Inspection Team 
SM  Shift Manager 
TRM  Technical Requirements Manual 
TSC  Technical Support Center 
USAR   Updated Safety Analysis Report 
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D.C. COOK 
SEPTEMBER 20, 2008 EVENT 

SEQUENCE OF EVENTS 
 

  D.C. Cook Turbine Generator and Fire Protection 
Timeline 

 

 

9/20/08 20:04 • Unit 2 experiences a large floor vibration, loud 
rumbling noise, and multiple control room alarms. 

U2 CRM Log 

9/20/08 20:05 • Unit 1 receives numerous control room alarms on 
the secondary side with severe vibrations and 
rumbling from the turbine deck.   

• Operators note all vibration points on Main 
Turbine supervisory panel are red which 
indicates high-high vibrations.   

• Operators manually trip reactor and enter E-0, 
Reactor Trip and Safety Injection.   

• Operators immediately trip open main condenser 
vacuum breakers to stop main turbine rotation.   

• Initial reports from the field indicate that the main 
generator is on fire.   

 

U1 CRM Log 

9/20/08 20:05 
(Appx)* 

• Fire occurs under the main generator in the area 
of one of the generator bushings.  

• The Unit 1 turbine crane bay sprinkler system 
(associated with valve 1-ZFP-169) actuated.  
The Unit 1 control room received a “Htg Boiler or 
Crane Bay Spy Actuated” alarm (drop 115).  
Three heads in the system actuated (at 155°F). 

• The Unit 1 turbine 609 foot elevation north end 
cable racks and oil piping sprinkler system 
(associated with valve 1-ZFP-507) actuated.  
The Unit 1 control room received a “Turb Bldg 
609 N End Cable or Oil Spr Act” alarm (drop 15).  
One head actuated (at 250°F). 

• The Unit 1 turbine 609 foot elevation north end 
general floor extending to turbine belly sprinkler 
system (associated with valve 1-ZFP-185) 
actuated.  The Unit 1 control room received a 
“Turb Bldg 609 North End Spr Actuated” alarm 
(drop 12).  Sixteen heads in the system actuated 
(at 250°F or 325°F, depending on the particular 
head). 

• The Unit 1 control room received a “Turb Lagging 
Fire” alarm (drop 18) based on a thermister 
alarm system reaching 300°F.  In response to the 
alarm, operators opened (from the control room) 
a deluge valve, valve 1-ZRV-40, which admitted 
water to the sprinkler piping for the system.  The 
Unit 1 control room received a “Turb Lagging 

Reconstructed 
From Observed 
Fire Protection 

System 
Actuations 
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Spray Actuated” alarm (drop 19) when the 
sprinkler system pressure exceeding 75 psig.  
Five heads in the system actuated (at 400°F). 

• In total, 40 sprinkler/spray heads from sprinkler 
systems actuated.  The licensee estimated that 
the maximum demand from sprinkler systems 
and hose streams was 975 gpm, which was well 
within the capacity of a single fire pump.  
Additionally, the licensee estimated that the 
amount of water used for sprinkler systems and 
hose streams was, at most, 41,000 gallons (of 
585,000 initially available in the north fire water 
tank). 

 
9/20/08 20:05 • Security Officers report severe vibrations in 

building. 
 

Security Radio 
Transmission 

9/20/08 20:05 • Security Officer in Ballistic Resistant Enclosure 
D-6 on the West side of the Turbine Building, 
experienced violent shaking and vibration in the 
enclosure.  The security officer also observed the 
office building was shacking as well.  Directly 
after the vibration and shacking stopped, the 
security officer observed a large amount of water 
bursting from the west side of the turbine 
building. 

 

Statement from 
Security Officer 

and NRC 
Conducted 
Interview 

9/20/08 20:05 
(Apprx) 

Time Unknown: 
• Fire protection header pressures drops to 140 

psig.  The electric fire pump starts after header 
pressure has been less than 140 psig for 2 
seconds.  Both control rooms receive an 
“Electric Fire Pump Running” alarm (drop 34) 
once the contact for running the pump closes.  
The annunciator response procedure directed 
that an operator be dispatched to the pump 
house to check electric fire pump satisfactory 
operation. 

• Fire protection header pressure drops to 134 
psig.  Both control rooms receive a “Fire Water 
System Header Pressure Low” alarm (drop 11). 

• Fire protection header pressure drops to 130 
psig.  The east diesel fire pump starts after 
header pressure has been less than 130 psig for 
15 seconds.  Both control rooms receive an 
“East Diesel Fire Pump Running” alarm (drop 
44) once the pump has reached 500 rpm speed.  
The annunciator response procedure directed 
that an operator be dispatched to the pump 
house to monitor diesel fire pump parameters in 

Reconstructed 
From 

Instrument and 
Alarm 

Setpoints 
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accordance with the fire protection system 
operation procedure. 

• Fire protection header pressure drops to 120 
psig.  The west diesel fire pump starts after 
header pressure has been less than 120 psig for 
25 seconds.  Both control rooms receive a “West 
Diesel Fire Pump Running” alarm (drop 54) once 
the pump has reached 500 rpm.  The 
annunciator response procedure directed that an 
operator be dispatched to the pump house to 
monitor diesel fire pump parameters in 
accordance with the fire protection system 
operation procedure. 

 
9/20/08 20:06 • The Fire Brigade is notified of fire in Unit 1 by 

firefighters in the security office.  
Fire Brigade 

radio 
Transmission 

9/20/08 20:06 
(Apprx) 

• Operations initiate process that sends out a 
Page to all onsite and offsite Fire Brigade 
personnel. Those that received the page were 
directed to call into a conference bridge for 
further instructions.  By procedure, the bridge 
line should be staffed by Security Personnel to 
inform the Brigade whether additional man 
power is needed to fight the fire.  However, 
when the Fire Brigade called in, no one was 
manning the bridge to provide instruction. Some 
Fire Brigade members responded, others did 
not. 

 

NRC-
conducted 
Interview  

9/20/08 20:07 • Security Officer in Ballistic Resistant Enclosure 
D-6 on the West side of the Turbine Building, 
reported by radio, "extreme flooding" in his area 
to "any unit" 

 

Security Radio 
Transmission 

9/20/08 20:07 
(Apprx) 

• Security Officer in Ballistic Resistant Enclosure 
D-6 on the West side of the Turbine Building 
reported the observed water to secondary alarm 
station (SAS) by phone. 

Statement from 
Security Officer 

and NRC 
Conducted 
Interview 

9/20/08 20:07 
(Apprx) 

• Fire Water System header pressure drops below 
120psig.  All 3 Fire water pumps have now 
started in sequence. 

 

 

9/20/08 20:08 • Exited E-0, Reactor Trip and Safety Injection 
and entered ES-0.1, Reactor Trip Response. 

U1 CRM Log 

9/20/08 20:09 • SAS calls 911 for offsite help with fire. Security 
Journal Report
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9/20/08 20:10 • Unit 2 is stable.  The plant fire alarm is standing 
and all 3 Fire Pumps are running.   

• There is a fire alarm from the U-2 Control Room 
Cable Vault (CRCV), Fire Zone 12.  The crew 
opened the CRCV hatch.  There was no sign of 
fire or smoke.  When they tried to reset the fire 
alarm, it would not reset.   

• Enter TRM 8.7.4 Fire Detection Instrumentation 
Condition B.  Establish Fire Watch Tour hourly.  
Tour will be performed by Control Room 
Operators due to Fire Brigade members 
dispatched to U-1.  

 

U2 CRM Log 

9/20/08 20:10 
(Apprx) 

• Some time after the initial demand on the FP 
system, the control room received an 
annunciator "Fire PP House Subpanel Alarm," 
(drop 21) due to a "North Tank Level Low" 
annunciator lit on the pump house subpanel.   

• The fire water storage tank (FWST) low level 
alarm indicates only that the level in the tank has 
dropped to a volume of 568,323 to 579,705 
gallons (TRM-required volume), which was 
expected upon a fire system demand.   

• Procedure directs the control room to send an 
operator out to the pump house to check which 
Subpanel Alarm is lit.  This action was placed on 
a 'To-Do' List and given low priority due to its 
expected status.  No operators were sent to the 
pump house until after the fire pumps were 
secured due to lack of water. 

 

 

9/20/08 20:10 • Security Captain declares Security "Code 
Orange" (Heightened awareness) 

 

Security Radio 
Transmission 

9/20/08 20:14 
(Apprx) 

Time Unknown:  
• Some time after all 3 pumps start, "Fire Water 

System Header Pressure Low" alarm clears and 
operators reset the annunciator. 

 

 

9/20/08 20:15 • Offsite Fire Trucks arrive (SAS) Security 
Journal Report

9/20/08 20:18 • Shift Manager has declared an Unusual Event 
based on Initiating Condition H-4, Fire in the 
Protected Area no extinguished within 15 
minutes, and H-5, Toxic or Flammable gas 
(Generator Hydrogen) release affecting plant 
operation. 

 

U1 CRM Log 
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9/20/08 20:18 • Fire Brigade reports that no fire is visible at this 
time, but also that there is substantial damage to 
the NW end of the turbine. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 20:18 
(Apprx) 

• Some time after the NOUE was declared, the 
SM requested that security perform 
accountability in accordance with (IAW) PMP-
2080-EPP-100, Emergency Response 
Attachment 4.   

• Due to a miscommunication, security did not 
implement accountability until later in the event. 

 

NRC-
conducted 

Interview with 
Security 
Manager 

9/20/08 20:20 • Initiated Lube Oil Fire Water Spray to the main 
turbine. 

 

U1 CRM Log 

9/20/08 20:20 
(Apprx) 

• During the performance of PMP-2080-EPP-100, 
Emergency Response Attachment 7, Notification 
of On-Site Personnel, Step 1.1.1 was not 
performed.   

• This step directs that if the Event is a UE, 
Security should be instructed to Notify personnel 
as prescribed in Section 5 of the ERO Phone 
Directory, which includes instructions to notify 
the NRC Resident Inspectors and Plant 
Management.   

• Step 1.1.1 was initialed, but the notifications 
described in the step were not made.   

 

NRC-
conducted 
Interview 

9/20/08 20:20 • Offsite fire departments on site.  Lake Township 
dispatched 4 firefighters to the El 633' turbine 
deck.  No sign of fire at this time.   

• Firefighters were directed to spray down the 
sides of the turbine with water.   

 

Fire Brigade 
Statement 
(Grosse) 

9/20/08 20:25 • Opened all Turbine Building Roof vents due to 
generator hydrogen release.   

 

U1 CRM Log 

9/20/08 20:27 • Secured all Lube Oil to the Main Turbine.   
 

U1 CRM Log 

9/20/08 20:28 • The fire in the main generator is out.   
 

U1 CRM Log 

9/20/08 20:32 • Initial phone calls made to the Berrien County 
Sheriff, Michigan State Police, and NRC.   

 

U2 CRM Log 

9/20/08 20:35 • Secured Fire Water spray to the main turbine 
following report that the fire was out.   

 

U1 CRM Log 

9/20/08 20:40 • Manually isolated Generator Hydrogen to the 
Unit 1 main generator. 

U1 CRM Log 
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9/20/08 20:44 • Tripped closed all 4 MSIVs due to RCS Tavg at 
528F and lowering.  Temperature began to 
recover immediately upon closing stop valves. 

 

U1 CRM Log 

9/20/08 21:02 • Emergency Accountability Report started (SAS).  
During manning of the Technical Support Center 
(TSC); the incoming TSC Security Director was 
informed during turnover that the SM had 
requested Accountability to be performed, but 
that it had not yet been initiated.   

 

Security 
Journal Report 
/ TSC Security 
Director Log 

9/20/08 21:12 • The 3 deluge valves that were automatically 
actuated have been isolated by the Fire Brigade 

Fire Brigade 
radio 

Transmission 
9/20/08 21:13 • TSC Activated. TSC 

boardwriter log
9/20/08 21:14 • OSC Activated. TSC 

boardwriter log
9/20/08 21:20 • Fire protection header pressure decreases to 

less than 134 psig due to loss of water from the 
north fire water tank.  Unit 1 control room 
received a “System Fire Header Pressure Low” 
alarm (drop 11). 

 

Reconstructed

9/20/08 21:20 • Fire Brigade receives a call from Unit 1 that the 
FP system had zero water pressure.  The SM 
directed the Fire Brigade to investigate for water 
leaks or losses. 

• Fire Brigade supervisor entered pump house, 
discovered all three pumps running, and 
determined that there was no water going into or 
out of pumps based on local pressure readings.  
Another fire brigade member determined that 
the north water tank was at zero water level.  
Fire protection supervisor contacted the Unit 1 
control room and shut down all three pumps. 

 

Fire Brigade 
Statement 

9/20/08 21:25 • The Control room receives the Water Fire 
System Header Pressure Low Annunciator.  Fire 
brigade personnel in the fire pump house report 
that the North Fire Water Storage Tank is empty. 
(Late entry.  Actual time had to have been 
before Unit 1 control room directed fire brigade 
to investigate for water leaks or losses.) 

• Due to a loss of water in the North Fire Water 
Tank from ruptured piping, both Units enter TRM 
8.7.5 Cond B, One Fire Water Tank 
INOPERABLE.   

 
 

U1 CRM Log 
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• The action statement requires that a backup 
water system supply be established within 
30 days. 

• Due to a loss of suction water to the West and 
East Diesel Fire Pumps are INOPERABLE.  

• Both Units enter TRM 8.7.5 Cond A for Fire 
Suppression Water System pump inoperable 
and 8.7.5 Cond C Fire Suppression Water 
System inoperable for reasons other than Cond 
A or B.   

• A backup fire suppression water system needs 
to be established within 24 hours. 

 
9/20/08 21:25 • Fire Brigade reports several gallons per minute 

of oil coming from beneath the Turbine skirting. 
Fire Brigade 

radio 
Transmission 

9/20/08 21:26 • The Electric Fire Pump is also INOPERABLE 
due to a loss of suction water.   

• Remain in TRM 8.7.5 Cond A for Fire 
Suppression System pump inoperable and 8.7.5 
Condition C Fire Suppression Water System 
inoperable for reasons other than Cond A or B.  

• A backup fire suppression water system needs 
to be established within 24 hours. 

 

U1 CRM Log 

9/20/08 21:26 • Fire Brigade reports several hundred gallons of 
oil mixed with water in the condenser pit. 

Fire Brigade 
radio 

Transmission 
9/20/08 21:26 • Fire Protection reports no water pressure at the 

turbine deck. 
Fire Brigade 

radio 
Transmission 

9/20/08 21:27 • Ops initiates actions to stop all three fire pumps.  
 

CR 
Communicator 

Notes 
9/20/08 21:28 • Ops dispatches AEOs to realign pumps to the 

South tank. 
SEC Log 

9/20/08 21:29 • Control Room advises the Fire Brigade that in 
service fire tank is empty and that Ops is 
shutting off fire pumps to realign to the 2nd tank.  

• Control Room asks the Fire Brigade if they were 
spraying at the time.  Fire Brigade reports that 
they were not. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 21:29 • OSC reports that both diesel fire pumps have 
overheated with coolant on the floor. 

 

SEC Log 

9/20/08 21:31 • Fire Protection reports blown seals on both 
diesel fire pumps and that they have isolated all 
the pumps. 

Fire Brigade 
radio 

Transmission 
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9/20/08 21:36 • Shift Manager informs Fire Brigade that the fire 
header is re-pressurized using the electric fire 
pump on the South Tank. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 21:38 • Fire Brigade reports that they are still losing 
thousands of gallons per minute from the South 
fire tank and that the electric fire pump needs to 
be secured and isolated. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 21:40 • The South Fire Tank is at 548' and rapidly 
lowering; all three pumps are off.  Ops is looking 
for any leaks. 

 

CR 
Communicator 

Notes 

9/20/08 21:43 • Control Room reports to the Fire Brigade that 
the electric fire pump was taken off due to a 
10,000 gallon drop in the South Fire Water Tank 
in a short period of time.   

• The pumps are being shut off to validate the 
reason for the water drop. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 21:44 • First Fire Brigade report of large amount of 
water outside of the screen house, the source is 
unknown. 

Fire Brigade 
radio 

Transmission 

9/20/08 21:47 • Fire Brigade reports collapse of asphalt and 
large amount of water coming up on the west 
side of the plant 

 

Fire Brigade 
radio 

Transmission 

9/20/08 22:10 • Operations isolates FP header leak by closing 
valves FP-161, FP-101, and FP-107 

CR 
Communicator 

Notes 
9/20/08 22:20 • At this time, the assessment is that both diesel 

driven fire pumps (DDFP) may be destroyed, but 
the Electric FP may be ok.   

• Priorities are to get a DDFP restored and 
evaluate the turbine building for asbestos.   

• South Tank is available, North Tank is empty. 
 

Assist SEC Log

9/20/08 22:23 • All personnel are accounted for (Accountability 
complete) 

 

TSC Security 
Director Log 

9/20/08 22:50 • Exit ES-0.1, Reactor Trip Response and entered 
1-OHP-4021-001-004, Plant Cooldown from Hot 
Standby to Cold Shutdown. 

 

U1 CRM Log 

9/20/08 22:51 • Fire Brigade reports backup water supply from 
Lake Township has been connected.  

 
 
 
 

Fire Brigade 
radio 

Transmission 
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• A temporary fire suppression hose from the fire 
hydrant on Livingston Road serves as the 
backup water supply, satisfying the TRM 8.7.5 
Condition C Action Statement. 

 
9/20/08 22:58 • Fire Brigade reports to Shift Manager that they 

are responding to a reported fire at 'C' LP 
Turbine bearing. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 23:15 • Following the notification that the break on the 
FP header has been isolated, Operations starts 
the pegging pump off of the South Fire Water 
Tank to slowly pressurize the fire protection 
header.   

• Fire protection plans to walk down the header 
searching for additional leaks. 

 

U1 CRM Log 

9/20/08 23:16 • 80-100 psig seal oil pressure reported on the 
exciter end of the Main Generator.   

• Leak at pressure indicator is isolated by closing 
the pressure indicator root valve.  Operations 
contacted to secure seal oil to U1 Main 
Generator. 

 

PET-Maint 
Eng. Log 

9/20/08 23:29 • Removed Seal Oil from service IAW 1-OHP-
4021-080-002, Operation of the Shaft Seal Oil 
System, Attachment 5, Removing Seal Oil 
Pumps and Vacuum Tank from Service with 
Seal Oil System in service. 

 

U1 CRM Log 

9/20/08 23:40 • Fire Brigade reports Maintenance has isolated 
oil leaks. 

Fire Brigade 
radio 

Transmission 

9/20/08 23:42 • Lake Township Fire Trucks directed not to leave 
without SEC approval.  The are 2 fire trucks in 
the Protected Area and 1 in the Owner 
Controlled Area.   

 

TSC Security 
Director Log 

9/20/08 23:47 • Completed NRC notification #44507. 
 

U1 CRM Log 

9/20/08 23:50 • Fire Brigade reports 591' elevation walkdown 
verified no oil leakage and the fire header local 
pressure indicating approximately 50 psig. 

 

Fire Brigade 
radio 

Transmission 

9/20/08 23:50 • Damage assessments indicate that there are 
thrown blades on Low Pressure Turbine (LPT) B 
and LPT C west side; bearings 3, 4, 5 
destroyed; bearings 6, 7, 8, 9 damaged to a 
lesser extent; blew a H2 seal in generator.  

SEC Log 
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9/21/08 1:18 • The FORT (Outage Control Center) is functional. 
Their top priority is restoring diesel fire pumps. 

 

SEC Log 

9/21/08 1:30 • Fire Header Pressure is at 140 psig and stable.  
Teams are headed out to put in service the 
electric fire pump (full starting party of Ops., 
Maint, and Eng.) 

 

Assist SEC Log

9/21/08 1:41 • Fire under the main generator is reported. 
 

SEC Log 

9/21/08 1:55 • Fire Protection header is 154psi from the 
pegging pump.   

• Operators start the electric fire pump to 
demonstrate availability.  Fire Protection header 
pressure rose to 170 psi after electric fire pump 
was started.   

• The starting party concurs that pump operation 
is acceptable.   

 

U1 CRM Log 

9/21/08 2:20 • 20-30 gpm leak at hydrant # 7 is indentified.   
 

SEC Log 

9/21/08 2:29 • The South Fire Water Storage Tank (FWST) 
level is going down at ~1000gpm. 

SEC Log 

9/21/08 2:34 • Ops removes Generator Hydrogen from service.
 

U1 CRM Log 

9/21/08 2:50 • The licensee determines that the 1000 gpm 
"leak" from the South tank was due to the 
recirculation line up going to the North FWST; 
alignment procedure had not been followed. 

 

SEC Log 

9/21/08 3:15 • The 1000 gpm "leak" from South FWST is 
stopped after recirculation line is aligned to the 
south tank.   

 

SEC Log 

9/21/08 3:39 • Maintenance reviews the condition of the diesel 
fire pumps.   

• The West pump appears ok; so they decide to 
top off oil and coolant and then run it.   

• The oil in the East pump appears burnt.  They 
decide to replace the Oil and run the pump.   

 

SEC Log 

9/21/08 4:09 • Informed by the TSC that the Site Emergency 
Coordinator (Lies) has terminated the Unusual 
Event.   

 

U1 CRM Log 

9/21/08 5:53 • The Unit 2 Control Room Cable Vault Halon and 
Low Pressure CO2 systems are INOPERABLE 
but available due to being isolated from 
automatic operation for personnel protection 

U2 CRM Log 
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while Fire Brigade attempts to reset standing 
Cable Vault fire alarm.   

• Enter TRO 8.7.8 Condition A and TRO 8.7.9 
Condition A.  Verified greater than one zone of 
Fire Detection in the affected area is 
OPERABLE.   

• The CRCV Hatch (2-HATCH-A624-1) is OPEN 
with a dedicated person at the hatch to close it if 
necessary per T.S. 3.7.10.  CREVS remains 
OPERABLE.   

 
9/21/08 6:17 • The Fire alarm from the U-2 Control Room 

Cable Vault, Fire Zone 12 is clear.  Fire 
Protection reseated a fire detector and cleared 
the standing alarm.   

• Exit TRO 8.7.4 Fire Detection Instrumentation 
Condition B for Unit 2.   

• FP normalized Unit 2 Control Room Cable Vault 
Halon and CO2, and closed the CRCV Hatch.   

• Exit TRO 8.7.8 Low Pressure CO2 System, 
Condition A and TRO 8.7.9 Halon System 
Condition A. 

 

U2 CRM Log 

9/21/08 6:30 • The licensee hung a clearance on the West 
DDFP to check engine coolant and oil level.  It 
remains UNAVAILABLE and in TRO 8.7.5, A 
and C. 

 

U1 CRM Log 

9/21/08 12:00 • The licensee hung a clearance on the East 
DDFP to inspect.  It remains UNAVAILABLE, 
and in TRO 8.7.5, A and C. 

 

U1 CRM Log 

9/21/08 13:41 • Unit 1 has entered mode 4. 
 

U1 CRM Log 

9/21/08 15:20 • Operators stopped the Electric Fire Pump IAW 
12-OHP-4021-066-001 FPS Water Operation, 
Attachment 9 after FP reset all deluge valves 
that had actuated on Unit 1 Turbine event in 
preparation for the West DDFP Operability Test.

 

U1 CRM Log 

9/21/08 15:30 • The licensee commenced 12-OHP-4030-066-
121FD, Attachment 2, West Diesel Fire Pump 
Operability Test for a scheduled surveillance 
following clearance restoration for oil and 
coolant checks.  

• The pump was run from 15:48 to 16:20. 
 

U1 CRM Log 

9/21/08 16:55 • The licensee completed satisfactorily West 
Diesel Fire Pump Operability Test and Lineup. 
The West Diesel Fire Pump is OPERABLE.   

U1 CRM Log 
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• Remain in TRM 8.7.5 Conditions A & B as the 
Electric Driven and East Diesel Driven Fire 
Pumps are INOPERABLE and both North and 
South FWSTs are INOPERABLE. 

 
9/21/08 19:06 • The licensee satisfactorily completed the Electric 

Fire Pump Operability Test Procedure.  The 
Electric Fire Pump is OPERABLE.   

• They remain in TRM 8.7.5 Fire Suppression 
Water, Cond A; the East DDFP is still 
inoperable.   

 

U1 CRM Log 

9/21/08 21:30 • Report from Fire Protection House is that the 
South FWST is 577,200 gallons and 
OPERABLE.   

• The Electric Motor Driven and West Diesel 
Driven Fire pumps remain OPERABLE.   

• The East Diesel Driven Fire Pump is 
INOPERABLE--TRM 8.7.5 Cond A, (Provide 
alternate backup pump within 7 days) is being 
met by a temporary fire suppression hose from 
the fire hydrant on Livingston Road.   

• The North FWST is INOPERABLE--TRM 8.7.5 
Cond B, (Establish backup water system supply) 
is also met by the temporary fire suppression 
hose from the Livingston Road fire hydrant. 

• Fire water can be supplied to all TRM areas 
using the fire protection header and with only 
one fire pump and one tank INOPERABLE.  

• Exit TRM 8.7.5 Condition C.  

U1 CRM Log 

9/22/08 3:27 • Unit 1 has entered mode 5. U1 CRM Log 

 
• Note that exact time and sequence for items annotated by “(Apprx)” are unknown.   
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September 24, 2008 

 
 
MEMORANDUM TO: Geoffrey C. Wright, Project Engineer, Branch 6, DRP 
 
FROM: Cynthia D. Pederson, Director  

Division of Reactor Projects 
     /RA by Gary L. Shear for/ 
 
SUBJECT: SPECIAL INSPECTION CHARTER FOR SEPTEMBER 20, 2008, 

D.C. COOK UNIT 1 MAIN TURBINE-GENERATOR FIRE  
 
 
At 8:05 p.m. EDT on September 20, 2008, with the DC Cook Units 1 and 2 at full power, a 
malfunction in the Unit 1 main turbine generator (TG) led to high vibrations and loud rumbling 
that caused operators to manually trip the Unit 1 reactor and TG.  A TG hydrogen fire resulted 
when high TG vibration apparently caused TG hydrogen seals to fail.   
 
Portions of the Unit 1 TG fire suppression system automatically actuated.  Operators actuated 
manual portions of the system and called for both site and local fire departments which 
responded.  It was determined that all reactor safety systems operated as designed (e.g. all 
control rods fully inserted and the auxiliary feed water system activated), and the steam 
generator atmospheric relief valves operated to remove decay heat.   
 
At 8:18 p.m., the licensee declared a Notification of Unusual Event (NOUE) for a fire in the 
Protected Area lasting more than 15 minutes and a flammable gas release that affected plant 
operation and the NRC subsequently entered Monitoring Mode.  The fire was extinguished by 
8:30 p.m.  Subsequently, the licensee experienced problems with the fire protection system.  
The site fire protection header had malfunctioned and one of the site’s two fire protection 
storage tanks had been pumped dry.  By 11:09 p.m., operators had isolated the malfunction and 
established alternate fire water supplies.   
 
Based on the deterministic criteria provided in Management Directive 8.3, ANRC Incident 
Investigation Program, @ the incident met MD 8.3 criterion f, AInvolved significant unexpected 
system interactions.@  These interactions included reactor trip coincident with loss of the power 
conversion system, a generator fire and malfunction of the fire protection system.   
 
 
 
CONTACT: Ross Telson 
  630-829-9619 
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G. Wright     -2- 
 
 
The estimated conditional core damage probability for reactor trip coincident with loss of the 
power conversion system was 1.7 E-6, placing risk in the overlap region between special 
inspection and no additional inspection.  The conditional core damage probability associated 
with a turbine-generator fire event coincident with an interruption of fire protection water was 
considered in the application of management discretion and special inspection decision.   

 
Accordingly, based on the deterministic criteria in MD 8.3, and as provided in Regional 
Procedure 8.31, ASpecial Inspections at Licensed Facility,@ you are to lead a Special Inspection 
that will commence on September 23, 2008.  You will be supported by Brian Kemker, Clinton 
Senior Resident Inspector, Ron Langstaff, Senior Fire Protection Inspector, Patricia Voss, 
Reactor Engineer.  Mel Holmberg, Reactor Inspector (NDE, Welding, Failure Analysis, Code 
Repair Specialty), Joe Maynen, Senior Physical Security Inspector, and John Bozga, Reactor 
Inspector (Structural Specialty) will act as consulting team members.  As such they will provide 
necessary support in their respective areas of expertise.  They will participate on an as-needed 
basis. 
 
This special inspection is intended to evaluate the facts, circumstances, and licensee actions 
surrounding the September 20, 2008 incidents described above.  The specific Charter for the 
Team is enclosed.  
 
Enclosure:  As Stated 
 
cc w/encl: 
J. Caldwell, RA, RIII 
M. Satorius, DRA, RIII 
D. Lew, RI 
L. Wert, RII 
D. Chamberlain, RIV 
F. Brown, NRR 
J. Giitter, NRR 
M. Leach, NSIR 
T. Beltz, NRR 
L. James, NRR 
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See Previous Concurrences 
DOCUMENT NAME:  G:\Cook\Events\SIT Charter.doc 
G Publicly Available G Non-Publicly Available G Sensitive G Non-Sensitive 
To receive a copy of this document, indicate in the concurrence  box "C" = Copy without attach/encl "E" = Copy with attach/encl  "N" = No copy 
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D. C. COOK SPECIAL INSPECTION CHARTER 
 
 
This Special Inspection Team (SIT) is chartered to ensure that this significant operational event 
is investigated in a timely, objective, systematic, and technically sound manner; that the factual 
information pertaining to the event is documented; and that the cause or causes of the event are 
ascertained.  This special inspection will determine the sequence of events and will evaluate the 
facts, circumstances, and the licensee=s actions surrounding the September 20, 2008, D. C. 
Cook Unit 1 Main Turbine-Generator (TG) fire.   
 
The Special Inspection will be conducted in accordance with Inspection Procedure 93812, 
“Special Inspection,” and will include, but need not be limited to, the items listed below. 
 
General 
 

1. Establish a sequence of events for the September 20, 2008 event including indications 
and licensee responses to the TG failure, fire, reactor trip, and fire protection system 
malfunctions. 

 
2. Evaluate licensee event response including event classification and notifications.  

Include a review of resident inspector notifications.  Assess the accuracy and timeliness 
of the event notifications and updates.   

 
3. Assess impacts on Unit 1 beyond TG damage.  Consider the impact of the TG vibration 

and fire on secondary system components including piping and pipe supports and on the 
turbine building structure and structural components. 

 
4. Assess the licensee’s evaluation of this event including cause evaluation, response, 

trouble-shooting, extent of condition, human performance, and corrective actions.  
 

5. Evaluate the significance of the fire protection system malfunctions. Consider the nature 
of the DC Cook turbine fire (e.g. hydrogen and lubricants, fire-fighting systems available, 
effectiveness of available fire-fighting agents, and fire exposure to risk-important 
systems, subsystems, and components). 

 
6. Evaluate operator performance including awareness of and response to plant conditions, 

shut down activities, and fire status.   
 

7. Evaluate the necessity for equipment quarantine, such as the fire protection header and 
fire pump materials, for analysis.   

 
8. Assess the performance of the fire protection system.  Consider design, maintenance, 

testing, operating practices, and component interactions that may have contributed to 
damaged components.   

 
9. Evaluate the licensee’s corrective actions to restore operability to the fire protection 

system.   
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Charter Approval 
 
 
 
_______/RA/________________________ 
R. Telson, Chief, Branch 4, DRP 
 
 
 
______/RA by Gary L. Shear for/________ 
C. Pederson, Director 
Division of Reactor Projects 
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