
 

 

November 27, 2019 
 
EA-19-066 
 
Mr. Christopher Church 
Site Vice President 
Monticello Nuclear Generating Plant 
Northern States Power Company, Minnesota 
2807 West County Road 75 
Monticello, MN  55362–9637 
 
SUBJECT: MONTICELLO NUCLEAR GENERATING PLANT – FOLLOW-UP INSPECTION 

REGARDING THE ASSESSMENT AND MANAGEMENT OF SHUTDOWN RISK 
DURING THE REFUELING OUTAGE REPORT 05000263/2019012 

 
Dear Mr. Church: 
 
On September 20, 2019, the U.S. Nuclear Regulatory Commission (NRC) completed an 
inspection at the Monticello Nuclear Generating Plant.  On September 24, 2019, the NRC 
inspectors discussed the results of this inspection with you and other members of your staff.  A 
re-exit was conducted on November 22, 2019, with you and other members of your staff.  The 
results of this inspection are documented in the enclosed inspection report. 
 
One finding of very low safety significance (Green) is documented in this report.  This finding 
involved a violation of NRC requirements.  We are treating this violation as a non-cited violation 
(NCV) consistent with Section 2.3.2 of the Enforcement Policy. 
 
If you contest the violation or the significance or severity of the violation documented in this 
inspection 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 Regional 
Administrator, Region III; the Director, Office of Enforcement; and the NRC Resident Inspector 
at Monticello Nuclear Generating Plant. 
 
If you disagree with a cross-cutting aspect assignment in this report, you should provide a 
response within 30 days of the date of this inspection report, with the basis for your 
disagreement, to the U.S. Nuclear Regulatory Commission, ATTN:  Document Control Desk, 
Washington, DC 20555-0001; with copies to the Regional Administrator, Region III; and the 
NRC Resident Inspector at Monticello Nuclear Generating Plant.
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This letter, its enclosure, and your response (if any) will be made available for public inspection 
and copying at http://www.nrc.gov/reading-rm/adams.html and at the NRC Public Document 
Room in accordance with 10 CFR 2.390, “Public Inspections, Exemptions, Requests for 
Withholding.” 
 

Sincerely, 
 
/RA/ 
 
 
Hironori Peterson, Chief 
Branch 3 
Division of Reactor Projects 

 
Docket No.  05000263 
License No.  DPR-22 
 
Enclosure: 
As stated  
 
cc:  Distribution via LISTSERV®  
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SUMMARY 
 
The U.S. Nuclear Regulatory Commission (NRC) continued monitoring the licensee’s 
performance by conducting a Follow-up Inspection Regarding the Assessment and 
Management of Shutdown Risk During the Refueling Outage at Monticello Nuclear Generating 
Plant, in accordance with the Reactor Oversight Process.  The Reactor Oversight Process is the 
NRC’s program for overseeing the safe operation of commercial nuclear power reactors.  Refer 
to https://www.nrc.gov/reactors/operating/oversight.html for more information. 
 

List of Findings and Violations 
 

Failure to Assess and Manage the Shutdown Risk at Monticello 
Cornerstone Significance Cross-Cutting 

Aspect 
Report 
Section 

Mitigating 
Systems 

Green 
NCV 05000263/2019012-01 
Open/Closed  
EA-19-066 

[H.14] - 
Conservative 
Bias 

71111.13 

The inspectors identified a Green finding and associated Non-cited Violation (NCV) of 10 CFR 
50.65(a)(4) when the licensee failed to effectively assess and manage shutdown risk 
associated with concurrent maintenance activities, resulting in the degradation of of the decay 
heat removal and inventory control key safety functions during shutdown.  

 
Additional Tracking Items 

 
Type Issue Number Title Report Section Status 
LER 05000263/2019-001-00 LER 2019-001-00 for 

Monticello Nuclear 
Generating Plant, RHR 
Decay Heat Removal Pump 
Start Permissive Logic 
Hardening Error 

71153 Closed 
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PLANT STATUS 
 
Monticello began the inspection period shutdown for Refueling Outage 29 (RFO29), which 
lasted until May 12, 2019.  The unit commenced start-up on May 12, 2019, and attained 100 
percent power on May 15, 2019.  On June 1, 2019, the unit was down-powered to 73 percent 
for quarterly turbine and main steam isolation valve (MSIV) testing and returned to 100 percent 
the same day.  On June 11, 2019, the unit was down-powered to 80 percent for a flexible power 
operation demonstration returning to 100 percent power the same day.  To control discharge 
canal temperatures, the unit was down powered on three occasions.  On July 15 & 18, 2019 to 
90 percent and on July 19, 2019 to 80 percent.  On September 14, 2019, the unit was down 
powered to 72 percent for quarterly turbine testing and control rod sequence exchange.  The 
unit ended the inspection period at 100 percent power. 
 
INSPECTION SCOPES 

 
Inspections were conducted using the appropriate portions of the inspection procedures (IPs) in 
effect at the beginning of the inspection unless otherwise noted.  Currently approved IPs with 
their attached revision histories are located on the public website at http://www.nrc.gov/reading-
rm/doc-collections/insp-manual/inspection-procedure/index.html.  Samples were declared 
complete when the IP requirements most appropriate to the inspection activity were met 
consistent with Inspection Manual Chapter (IMC) 2515, “Light-Water Reactor Inspection 
Program - Operations Phase.”  The inspectors reviewed selected procedures and records, 
observed activities, and interviewed personnel to assess licensee performance and compliance 
with Commission rules and regulations, license conditions, site procedures, and standards. 
 
REACTOR SAFETY 
 
71111.13 - Maintenance Risk Assessments and Emergent Work Control 
 
Risk Assessment and Management Sample (IP Section 03.01) (1 Sample) 

 
The inspectors evaluated the shutdown safety risk assessment for the April 2019 refueling 
outage, including the assessment and management of risk for concurrent management 
activities, between April 13 and 26, that directly impacted the key safety functions of decay 
heat removal and inventory control. 
 
(1) Loss of 1 sub-system of shutdown cooling from residual heat removal hardening - 

Division 1 
 

71111.15 - Operability Determinations and Functionality Assessments 
 
Operability Determination or Functionality Assessment (IP Section 02.02) (1 Sample) 

 
(1) Loss of 13 Residual Heat Removal Pump due to residual heat removal hardening 
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OTHER ACTIVITIES – BASELINE 
 
71153 – Follow-up of Events and Notices of Enforcement Discretion 
 
Event Report (IP Section 03.02) (1 Sample) 

 
The inspectors evaluated and closed the following licensee event reports (LERs): 
 
(1) LER 05000263/2019-001-00 for Monticello Nuclear Generating Plant, RHR Decay 

Heat Removal Pump Start Permissive Logic Hardening Error (ADAMS Accession: 
ML19164A279).  Additional details regarding the disposition of this LER are 
documented in the Results section.  

 
INSPECTION RESULTS 
 

Failure to Assess and Manage the Shutdown Risk at Monticello 
Cornerstone Significance Cross-Cutting 

Aspect 
Report 
Section 

Mitigating 
Systems 
 

Green 
NCV 05000263/2019012-01  
Open/Closed 
EA-19-066 

[H.14] - 
Conservative 
Bias 

71111.13 

The inspectors identified a Green finding and associated Non-cited Violation (NCV) of 10 
CFR 50.65(a)(4) when the licensee failed to effectively assess and manage shutdown risk 
associated with concurrent maintenance activities, resulting in the degradation of the decay 
heat removal and inventory control key safety functions during shutdown.  
Description: 
 
Between April 13-26, 2019, the licensee failed to assess and manage the risk of concurrent 
maintenance activities that directly impacted the key safety functions of decay heat removal 
and inventory control.  The aggregate impact of these activities caused all four residual heat 
removal (RHR) shutdown cooling sub-systems to be unavailable if the operating train failed 
for any reason, removed the ability to isolate the decay heat removal system during a 
potential loss of inventory event, and degraded an alternate decay heat removal path if it 
were needed during a loss of shutdown cooling event.  
 
On April 13, 2019, at 1227, the licensee entered mode 4 and aligned Division 1 of RHR in 
shutdown cooling (SDC) mode, by starting the 11 RHR pump and placing the 13 RHR pump 
in SDC standby.  Division 2 of RHR (i.e., the 12 and 14 RHR pumps) was aligned for the  
low-pressure coolant injection (LPCI) mode of operation, also in standby.  At 1236, the 
licensee removed both RHR suction valves (MO-2029 and MO-2030) from service by 
opening and de-energizing the valves, in accordance with procedure 9111-05, “Decay Heat 
Removal Hardening.”  The licensee used this procedure to prevent an inadvertent loss of 
SDC and was completed at approximately 1418.  From 1531 on April 14 until 1838 on  
April 15, the licensee was in mode 5 with the reactor vessel in reduced inventory (i.e., <21.5 
inches below the top of the reactor flange) to remove the reactor vessel head.  At 2100 on 
April 15, the licensee completed flooding up the reactor and cavity in preparation for moving 
fuel.  On April 16, at 0215, the licensee unsuccessfully attempted to start the 13 RHR pump 
to perform surveillance testing.  Subsequently, the licensee determined that the pump did not 
start because RHR MO-2029 was de-energized.  The licensee installed a jumper to restore 
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remote start capability to the 13 RHR pump at 0431.  The 11 RHR pump remained in-service 
for SDC.  No actual loss of shutdown cooling event occurred.  
 
Additionally, on April 13, 2019, at 1650, the licensee isolated air to all eight safety relief 
valves (SRVs) in the drywell and then closed the main steam isolation valve (MSIV) drain 
valves.  The SRVs are used in alternate decay heat removal strategies as outlined in the 
licensee’s abnormal operating procedure C.4-B.03.04.A, “Loss of Normal Shutdown Cooling.”  
Isolating air to the SRVs and closing the MSIV drain valves, left only one 2-inch reactor vent 
flow path, which is insufficient to prevent reactor coolant system heat-up, boiling, and  
re-pressurization if a loss of shutdown cooling occurred early in Mode 4.  In addition, TS 
requirements and licensee procedures would direct closing the 2-inch vent path if Mode 3 
transition was expected.  This would impact alternate decay heat removal mitigation 
capability. 
 
In the Shutdown Safety Plan, the licensee addressed the Key Safety Functions as follows: 
 

• For Decay Heat Removal, the RHR shutdown cooling, reactor water cleanup (RWCU) 
and spent fuel pool subsystems would be available, to meet the required function and 
system redundancy. 

 
• For Inventory Control, at least one core spray and/or RHR subsystem was available to 

provide low pressure injection to meet the required function and system redundancy. 
 
The inspectors noted that as part of the Inventory Control evaluation, the licensee had not 
discussed the need for RHR isolation.  As part of the risk assessment, the licensee reviewed 
the outage scope to identify the impact of activities on shutdown safety.  Per procedure, this 
review was performed by individuals not responsible for developing the outage schedule and 
included, in part, identifying and evaluating “first-time” evolutions; ensuring that the shutdown 
Key Safety Functions were maintained, including maximizing the availability of key systems 
and components; that procedures for the loss of Key Safety Functions (such as Decay Heat 
Removal) could be performed as written; and identifying activities or configurations requiring 
contingency plans. 
 
The licensee did a limited review of the outage scope that didn’t address all of the above 
items.  This resulted in a missed opportunity to assess and manage the actual impact on risk 
from de-energizing the RHR SDC isolation valves, isolating air to the SRVs, and closing the 
MSIV drain valves.  Specifically, the licensee did not identify: 
 

• that de-energizing both RHR suction valves was a first-time evolution which prevented 
the RHR pump starting logic from recognizing that an available suction path existed, 
resulting in none of the RHR pumps being available to restore SDC should the #11 
RHR pump be lost; 

 
• that isolating air to the SRVs prevented them from being used as a vent path in 

support of the Decay Heat Removal safety function had a loss of SDC occurred.  This 
resulted in no other vent paths having adequate capacity to remove the decay heat 
load at that time in the outage and compromising those procedures addressing the 
loss of this Key Safety Function; and 
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• that the automatic isolation function should be maintained per the NUMARC guidance 
for Inventory Control, even though it wasn’t required by TS.  As a result, when the 
RHR SDC suction valves were de-energized, contingency plans should have been 
developed to either restore or otherwise address this safety function. 

 
The inspectors also noted that the licensee had experienced a loss of shutdown cooling in 
2015, after the position indication for one of the RHR suction valves was lost, activating the 
same RHR pump starting logic previously discussed.  This operating experience was also not 
considered under the licensee’s limited review. 
 
The inspectors noted that from April 14-15, when the reactor vessel was in reduced inventory, 
the estimated time to boil absent decay heat removal was 30 minutes.  The definition of 
“available” in the corporate shutdown safety management program provides guidance on the 
simple manual actions that can be credited to consider an SSC available.  It states that 
actions with implementing times approaching the time to boil are not reasonable and that 
credit should not be given for actions within 50 percent of the time to boil.  It also states that 
the time available to perform any manual action should have substantial margin.  Actions 
required for restoring the functions impacted by the inspection finding were not simple and did 
not in all cases have substantial time margin. 
 
The inspectors concluded that the licensee had the plant knowledge and procedural guidance 
necessary to identify and address the effect that de-energizing the RHR SDC suction valves, 
isolating air to the SRVs, and closing the MSIV drain valves had on the shutdown safety 
functions of Decay Heat Removal and Inventory Control.  Therefore, this finding was within 
the licensee’s ability to foresee and prevent.  As a result, the licensee failed to properly 
assess and manage the shutdown risk in accordance with 10 CFR 50.65(a)(4). 
 
Additionally, TS 3.4.8, required that at least two trains of RHR be operable to ensure that 
shutdown cooling is available.  An RHR train was considered operable if it can be aligned 
either remotely or manually to provide SDC.  By de-energizing the RHR suction valves, the 
valves’ position indication was inhibited into the RHR pump logic.  Therefore, none of the 
RHR pumps would have started remotely for shutdown cooling as the pump logic would not 
have detected an available suction path; therefore, the requirements of TS 3.4.8 were not 
met. 
 
Corrective Actions:  Upon discovery of the inability to remotely start the 13 RHR pump, 
Operations installed a jumper in the start circuitry that allowed the pump to be started from 
the control room.  A temporary change to the hardening procedure was created to add 
jumpers for all four RHR pumps to ensure the pump start permissive were maintained while 
the system was hardened. 
 
Additional corrective actions to be implemented: 

• Provide Operations case study on the requisite mindset for technical rigor; 
• Perform Bypass review of the new hardening procedure in accordance with fleet 

procedure process; 
• Change fleet procedure process to clarify definition of Important to Safety/Augmented 

Quality to allow proper classification of refueling outage Controlled Documents; 
• Correct the safety classification of the hardening procedure to Augmented Quality; 

and 
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• Change fleet 50.59 procedure to clarify that application of Notes does not supersede 
Regulatory Review for changes to SSCs important to safety. 

 
The licensee evaluated the efficacy of the outage shutdown risk management as part of QIP 
501000027548, “Shutdown Safety Lessons Learned from Apparent Cause Evaluation.”  In 
the evaluation, the licensee concluded that “Monticello did not effectively implement the 
shutdown safety management program to ensure shutdown safety risk was appropriately 
managed for all outage conditions as required by 10 CFR 50.65(a)(4).  Monticello staff did not 
properly assess the shutdown risk with the following plant configuration: 1) RHR Hardened 
with Shutdown Cooling Suction Valves open and de-energized; 2) SRVs and Main Steam 
Line Drains unavailable; 3) high decay heat load early in the shutdown.  This lineup made 
unavailable all credited decay heat removal systems.  In addition, this condition could have 
reduced vent capacity, such that reactor re-pressurization may have been possible had a loss 
of SDC actually occurred.  In aggregate, these conditions impacted key shutdown safety 
functions which degraded plant safety.” 
 
This event was documented in LER 2019-001-00, “RHR Decay Heat Removal Pump Start 
Permissive Logic Hardening Error.” 
  
Corrective Action References:  QIP 501000025624: RHR Decay Heat Removal Hardening 
Issue Identified 
Performance Assessment: 
  
Performance Deficiency:  The inspectors determined that the licensee failed to effectively 
assess and manage shutdown risk as required by 10 CFR 50.65(a)(4).  Specifically, between 
April 13-26, 2019, the licensee failed to properly assess and manage the risk of concurrent 
maintenance activities that directly impacted the Key Safety Functions of Decay Heat 
Removal and Inventory Control.  This was a performance deficiency that was within the 
licensee’s ability to foresee and correct and should have been prevented. 
  
Screening:  The inspectors determined the performance deficiency was more than minor 
because it was associated with the RCS Equipment and Barrier Performance attribute of the 
Mitigating Systems cornerstone and adversely affected the cornerstone objective to ensure 
the availability, reliability, and capability of systems that respond to initiating events to prevent 
undesirable consequences.  Specifically, the licensee failed to evaluate the aggregate impact 
of de-energizing the RHR suction valves, isolating air to the SRVs, and then closing the MSIV 
drain valves, which caused all four RHR pumps to be inoperable, removed the ability to 
isolate the decay heat removal system during a potential loss of inventory event, and 
degraded an alternate heat removal path if it were needed during a loss of shutdown cooling 
event.  The failure to assess and manage the risk from the above maintenance activities had 
an unrecognized, adverse effect on the licensee’s ability to maintain the shutdown safety 
functions for decay heat removal and inventory control. 
  
Significance:  The inspectors assessed the significance of the finding using Appendix G, 
“Shutdown Safety SDP.”  The inspectors determined the performance deficiency was more 
than minor because it was associated with the reactor coolant system (RCS) Equipment and 
Barrier Performance attribute of the Mitigating Systems cornerstone.  The inspectors 
evaluated the finding in accordance with NRC Inspection Manual Chapter (IMC) 0609, 
Appendix G, Attachment 1, “Significance Determination Process (SDP) for shutdown 
operations,” issued May 9, 2014, for Mitigating Systems, and determined the finding was 
required to be evaluated in Phase 2, per Appendix G, Attachment 3.  Specifically, the answer 
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to Exhibit 3 – Mitigating Systems Screening Questions, Question 2; “Does the finding 
represent a loss of system safety function?” was answered “YES.”  The question was 
answered “YES” because if a loss of shutdown cooling, loss of inventory, or loss of offsite 
power event occurred, the mitigating functions of shutdown cooling, the implementation of 
alternate decay heat removal using safety relief valves (SRV), and the ability to isolate a loss 
of inventory event were impacted. 
 
The inspector used IMC 0609, Appendix G, Attachment 1, Exhibit 3 “Mitigating Systems,” to 
screen this finding and determined that a detailed risk evaluation was required because the 
finding represented a loss of system safety function.  Therefore, a coordinated effort between 
inspection staff and regional SRAs was required to arrive at an appropriate risk evaluation for 
the degraded condition that resulted from the finding. 
 
The SRA evaluated the Phase 2 SDP Appendix G worksheets for the finding but made 
assumptions for mitigation credit beyond what was generally allowed by the guidance of the 
Phase 2 screening process.  These assumptions were made after NRC risk analysts 
reviewed the plant degraded condition, procedures, training and discussed the response to 
the postulated shutdown initiating events with the licensee.  Therefore, the modified Phase 2 
SDP was a detailed risk evaluation or phase 3 SDP evaluation.  The finding impacted the 
ability to mitigate all three of the shutdown initiating events modeled in Appendix G phase 2—
loss of inventory, loss of the operating residual heat removal pump, and loss of offsite power.  
The exposure period involved three shutdown plant operating states (POS):  POS 1 was the 
condition when reactor water level was low, and the reactor head was on and tensioned;  
POS 2 was the condition when the reactor water level was low, and the reactor head was 
detensioned and/or off, or the reactor was sufficiently vented such that RCS re-pressurization 
cannot occur; and POS 3 was the condition when the reactor water level was high with the 
cavity flooded for refueling operations.  The exposure time was less than 3 days for the 
impacts to the decay heat removal function in POS 1, 2, and 3.  The exposure time for the 
impact to the ability to isolate a loss of inventory was a total of approximately 13 days, of 
which less than 3 days were in POS 1 and 2 and 10 days in POS 3.  
 
Decay heat removal was an important function of shutdown risk assessment and 
management.  In the shutdown safety plan, the licensee credited the RHR, reactor water 
cleanup and spent fuel pool systems, and other alternative means for meeting this function.  
As stated, the RHR system was unavailable due to the RHR hardening actions.  The licensee 
estimated that the time to boil was between 30-40 minutes during the event and that manually 
restoring shutdown cooling would have taken about 1 hour to complete.  The ability to act 
within 50 percent of the time to boil was discussed in the licensee’s shutdown risk 
management procedure as a reasonable standard to apply for crediting manual actions to 
maintain system availability.  Therefore, if the operating RHR pump failed for any reason, the 
operators would have been unable to restore shutdown cooling in a timely manner.  
Additionally, the spent fuel pool system was not aligned to provide fuel cooling to the reactor 
vessel and the decay heat load exceeded the capability of the reactor water cleanup system.  
The licensee’s alternative heat strategies relied on the safety relief valves (SRVs) and main 
steam isolation valve (MSIV) drain valves.  Planned maintenance on April 13, 2019, resulted 
in air being isolated to all eight SRVs and the closure of the MSIV drain valves.  These 
actions prevented the licensee from implementing the alternate decay heat removal strategy.  
As a result, from April 14 to 15, the only available method for Decay Heat Removal was the 
running 11 RHR pump. 
 
Inventory control was also an important function of shutdown risk assessment and 
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management.  The shutdown safety plan credited the core spray and LPCI systems for 
providing water injection into the vessel but did not address the ability to isolate the RHR 
system should there be a loss of inventory.  Specifically, de-energizing the RHR suction 
valves, meant that these valves were unavailable to isolate a leak, until the function was 
restored on April 26.  Although the isolation function was not required by TS, the NUMARC 
guidance specifically states that this key safety function be maintained.  Therefore, from  
April 14 to 26, the licensee did not have a means to isolate the RHR system from the control 
room in a loss of inventory event. 
 
Description of Degraded Condition 
 
If the running RHR pump stopped for any reason, the RHR decay heat removal function was 
determined to be unavailable but recoverable.  On a loss of the operating RHR sub-system, 
attempts to restart the previously operating pump or the alternate pump in the same division 
would not be successful.  However, operators could follow abnormal procedure C.4-
B.03.04A, “Loss of Normal Shutdown Cooling” along with the normal operating procedure for 
RHR and the procedure for Decay Heat Removal Hardening to align the division of RHR 
previously aligned for low pressure coolant injection for shutdown cooling.  At the beginning 
of the exposure time, information available to operators was that the time to boil was 30 
minutes.  After the discovery of the condition, the licensee estimated the time to boil at the 
beginning of the exposure period was closer to 40 minutes and the time to the RHR pressure 
isolation setpoint (75 psi) was slightly more than 2 hours.  Although, the automatic isolation of 
RHR at 75 psi was disabled, procedures would direct operators to take manual action to 
isolate the system.  The time to secure the previously operating division of RHR and start-up 
the standby division in accordance with procedures was estimated at approximately 1 hour. 
 
The SRVs were also recoverable by entering the drywell and opening the instrument air 
isolation valves.  No specific procedures were identified directing the operators to perform this 
recovery action, but the status of the SRVs was known to operators, the SRVs are referenced 
in the loss of decay heat removal procedure, and an SRV was used in a previous 2015 loss 
of shutdown cooling event as an alternate decay heat removal system.  Adequate time was 
available, and conditions would be acceptable until significant boiling in the RCS occurred.  
The loss of shutdown cooling procedure contained actions that would delay heat-up and 
subsequent RCS pressurization, such as increasing control rod drive (CRD) system flow and 
reactor water clean-up (RWCU) system operation.  Note that the CRD and RWCU systems 
do not have sufficient capacity to prevent RCS boiling.  The diagnosis and execution of the 
SRV recovery action was complex because of procedure ambiguity and a lack of training for 
actions in a loss of shutdown cooling event beyond recovery of the standby division of RHR. 
 
The RHR shutdown cooling isolation valves MO-2029 and MO-2030 were open and could not 
be operated from the main control room in the event of a loss of inventory.  This condition 
was known by the operators.  Although these valves were recoverable, i.e., closeable by 
either restoring power to the valves or by manually closing the valves with the valve 
handwheels, there was no specific procedure guidance for this action nor was it described in 
any operator training for loss of inventory events.  Actions to recover the valve function would 
involve removing tags, restoring power, and closing the valves from the control room or 
remote manual operation at the valve operator.  The assumption inherent in the Appendix G 
worksheets and event trees was that 2 hours are available to isolate a leak prior to core 
damage without successful injection.  The SRA assumed that restoring the valves to service 
could be performed within 2 hours.  Similar to the recovery of the SRVs, the diagnosis and 
execution of this recovery action was complex because of procedure ambiguity and a lack of 
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training.  During discussion with the licensee, there also appeared to be a belief that a loss of 
inventory event was not possible because of administrative controls.  However, operating 
experience indicates that despite such controls, loss of inventory events can occur.  The 
operating experience was reflected in the frequency of a loss of inventory event. 
 
Several low pressure injection systems were available either automatically or via manual 
control room operation.  The systems credited were two loops of low pressure core spray, 
one loop of low pressure coolant injection and condensate service water.  The only high 
pressure injection system credited was the control rod drive (CRD) system.  Both CRD 
pumps were available and only a single pump was necessary for adequate core cooling 
success if the RCS started to boil during a shutdown event.  These injection systems were 
considered to be very reliable in the SDP evaluation. 
 
Detailed Risk Evaluation Using SDP Phase 2 Worksheets 
 
For the loss of the operating train of RHR (LORHR) in POS 1 and 2 (see IMC 0609 Appendix 
G Attachment 3, Worksheets 4 and 5), the safety functions of decay heat removal recovery 
before RHR shutoff head (RHRREC) and Manual Low Pressure Injection and RCS Pressure 
Control (MINJ & SRV) were impacted by the finding.  The analysts credited recovery after 
careful consideration of timing, procedure quality, and context specific training and 
experience.  These functions were determined to be unavailable but recoverable and each 
was assigned a mitigation credit of “2” which represents a failure probability on the order of 
1E-2.  The failure probability was estimated using the guidance of NUREG/CR-6883, “The 
SPAR-H Human Reliability Analysis Method” and the evaluation of operator performance 
shaping factors for diagnosis and execution provided in the description of the degraded 
condition.  If the functions had been available, the failure probability would be lower.  The 
manual high pressure injection function (MINJY) was assigned a mitigation credit of “2”.  This 
system is provided additional credit using analyst judgment beyond the phase 2 guidance 
because two control rod drive pumps were available and operator action was not always 
necessary for success of the system.  All other functions were assigned full mitigation credit 
consistent with Appendix G guidance.  The dominant worksheet result was in POS 1, where 
the dominant core damage sequence was a loss of the operating RHR train, failure to recover 
RHR, successful injection at low pressure and recovery of SRVs and the failure to provide 
long term inventory control (this was Sequence 3 in Figure 7, Event Tree for Loss of RHR – 
BWR POS-1, of Appendix G).  The sequence was evaluated as a “7” which represents a 
change in core damage frequency on the order of 1E-7 per year.  Similar results were 
obtained when solving the loss of offsite power worksheet but the sequences were one order 
of magnitude lower because the initiating event likelihood was smaller. 
 
For the loss of inventory worksheets, the safety functions of isolation of the loss (ISOL), 
decay heat removal recovery before RCS pressure control (RHRREC), and RCS pressure 
control (SRV) were impacted by the finding.  These functions were assumed to be 
unavailable but recoverable.  The isolation function was assigned a mitigation credit of “1” 
which represents a failure probability on the order of 1E-1.  The other two functions were 
treated the same as in the LORHR worksheet and assigned recovery credit of “2.”  All other 
functions were assigned full mitigation credit consistent with Appendix G guidance.  The 
exposure period for POS 1 and 2 was less than three days and an initiating event likelihood 
of “4” was used based on Appendix G Table 4, Initiating Event Likelihood (IELs) for Condition 
Findings -BWRs.  The POS 1 worksheet result provided one sequence of “7.”  The sequence 
was a loss of inventory event, successful automatic low pressure injection, failure to isolate 
the leak and failure to control RCS pressure.  Using the same assumptions, the POS 2 
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worksheet did not provide any potentially significant sequences.  The loss of inventory event 
in POS 3 was evaluated using a 13-day exposure time.  The additional exposure time was 
modeled by using an initiating event likelihood of “3.”  However, these sequences also did not 
significantly contribute to the SDP result. 
 
The overall result of the detailed risk evaluation/phase 3 SDP was a finding of very low safety 
significance or “Green.”  The result was a change in CDF that was less than 1E-6 per year.  
Because the result was greater than 1E-7, the SRA considered if the finding significance 
should be increased because of large early release (LERF) considerations by reviewing IMC 
0609 Appendix H, Containment Integrity SDP.  The low to moderate safety significance 
(white) threshold for LERF was 1E-7 per year.  The drywell head was removed, thus primary 
containment was open (this was required in all BWR Mark I and II containment to conduct 
refueling operations).  With containment open during the exposure period typically a LERF 
factor of 1.0 was applied, which indicates the core damage frequency was equal to the large 
early release frequency.  The SRA concluded that the significance of the finding should not 
be increased for several reasons.  The exposure period for the dominant scenarios was on 
the order of one day, less than the 3 day period assumed in the Phase 2 worksheets and 
which was not modified in the detailed risk evaluation.  The two dominant core damage 
sequences involved scenarios in which emergency evacuation could be successful prior to 
any significant release if a core damage event occurred.  The licensee’s emergency 
evacuation time estimate for 90 percent of the population in a 2 mile radius was slightly more 
than 2 hours.  In the dominant sequences, the time from general emergency to core damage 
was likely longer than 2 hours and the potential for early declaration of a general emergency 
and early evacuation existed.  Finally, the loss of RHR scenario would involve suppression 
pool scrubbing which would mitigate any release. 
 
Summary of the Detailed Risk Evaluation 
 
The finding was determined to be of very low safety significance after a review of plant 
specific conditions primarily because the functions were recoverable, the low pressure 
systems and the control rod drive system were available for injection, and exposure time of 
the degraded safety functions in Mode 4 and early Mode 5 was short (less than 3 days). 
 
Cross-Cutting Aspect:  H.14 - Conservative Bias: Individuals use decision making-practices 
that emphasize prudent choices over those that are simply allowable.  A proposed action is 
determined to be safe in order to proceed, rather than unsafe in order to stop.  Specifically, 
the licensee failed to plan, control, and coordinate risk significant work activities, involving  
de-energizing the residual heat removal suction valves, and subsequently isolating air to the 
safety relief valves and closing the main steam isolation drain valves, to preclude impact on 
the key safety functions of decay heat removal and inventory control. 
Enforcement: 
 
Violation:  Title 10 CFR 50.65(a)(4) requires, in part, that licensees assess and manage the 
increase in risk that may result from proposed maintenance activities. 
 
Technical Specification 3.4.8, requires that two residual heat removal shutdown cooling 
subsystems be operable in mode 4 and, with no recirculation pump in operation, at least one 
residual heat removal pump shutdown cooling subsystem in operation.  Condition A.1 states 
with one or two residual heat removal shutdown cooling subsystems inoperable verify an 
alternate method of decay heat removal is available for each inoperable residual heat 
removal shutdown cooling subsystem within 1 hour and once per 24 hours thereafter. 
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Contrary to the above: 
 
Between April 13 and 26, 2019, the licensee failed to assess and manage the increase in risk 
resulting from maintenance activities.  Specifically, the licensee de-energized the residual 
heat removal suction valves; and, subsequently isolated air to the safety relief valves and 
then closed the Main Steam Isolation Valve drain valves without assessing and managing the 
increased risk from these coincident maintenance activities. 
 
In addition, the licensee failed to comply with TS 3.4.8, from April 13-14, 2019, and while the 
reactor was in Mode 4, the licensee was not aware that by de-energizing the residual heat 
removal suction valves, the two residual heat removal subsystems were inoperable, and 
therefore did not take the Action required by TS 3.4.8.A.1. 
 
Enforcement Action:  This violation is being treated as an non-cited violation, consistent with 
Section 2.3.2 of the Enforcement Policy. 

 
EXIT MEETINGS AND DEBRIEFS 
 
The inspectors confirmed that proprietary information was controlled to protect from public 
disclosure. 
 

• On November 22, 2019, the inspectors presented the Follow-up Inspection Regarding 
the Assessment and Management of Shutdown Risk During the Refueling Outage 
results to Mr. C. Church, Site Vice President, and other members of the licensee staff. 
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