
 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION 

REGION II 
SAM NUNN ATLANTA FEDERAL CENTER  
61 FORSYTH STREET, SW, SUITE 23T85 

ATLANTA, GEORGIA  30303-8931 

 
April 10, 2009 

 
EN 44761 
 
Mr. R. P. Cochrane 
General Manager 
Babcock & Wilcox  
Nuclear Operations Group, Inc. 
P.O. Box 785 
Lynchburg, VA  24505-0785 
 
SUBJECT: NRC INSPECTION REPORT NO. 70-27/2009-005 
 
Dear Mr. Cochrane: 
 
On February 12, 2009, the U.S. Nuclear Regulatory Commission (NRC) completed an 
inspection at the Babcock & Wilcox (B&W) Nuclear Operations Group, Inc. (NOG) facility in 
Lynchburg, VA.  The purpose of the inspection was to assess the facts and circumstances 
surrounding the failure of safety interlocks to operate as designed on process furnace Work 
Station #145.  The safety interlocks were defined as items relied upon for safety (IROFS).  The 
licensee discovered the failures during pre-operational testing after maintenance on January 8, 
2009, and submitted Event Notification (EN) 44761 to the NRC on January 9, 2009.  At the 
conclusion of the inspection, the findings were discussed with members of your staff identified in 
the enclosed report.  The resident inspector performed a follow-up exit meeting with your 
Licensing and Safety Analysis Manager on March 12, 2009. 
 
The inspection consisted of an examination of your safety program used to ensure that 
engineered and administrative controls and control systems that are identified as IROFS are 
designed, implemented, and maintained, as necessary, to ensure they are available and reliable 
to perform their function when needed.  Within these areas, the inspectors also performed 
selective examinations of procedures, representative records, incident investigation reports, 
corrective action reports, observations of activities in progress, and interviews with personnel. 
 
Based on the results of this inspection, the NRC has determined that a violation of NRC 
requirements occurred.  This non-repetitive, licensee identified and corrected violation is being 
treated as a non-cited violation (NCV), consistent with Section VI.A.8 of the Enforcement Policy.  
The NCV is described in the attached inspection report.  If you contest this violation or its 
significance, you should provide a response within 30 days of the date of this inspection report, 
with the basis for your denial, to the Nuclear Regulatory Commission, ATTN: Document Control 
Desk, Washington, DC 20555-0001, with copies to the Regional Administrator, Region II, and 
the Director, Office of Enforcement, United States Nuclear Regulatory Commission, 
Washington, DC 20555-0001, and the NRC Senior Resident Inspector at your facility. 
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In accordance with 10 CFR 2.390 of the NRC's "Rules of Practice," a copy of this letter and its 
enclosure, and your response if you choose to provide one, will be made available electronically 
for public inspection in the NRC Public Document Room or from the NRC’s document system 
(ADAMS), accessible from the NRC Web site at http://www.nrc.gov/readingrm/adams.html.  To 
the extent possible, your response should not include any personal privacy, proprietary, or 
safeguards information so that it can be made available to the Public without redaction. 
 
Should you have any questions concerning this inspection, please contact us. 
 

Sincerely, 
 

      /RA/ 
 

D. Charles Payne, Chief 
Fuel Facility Inspection Branch 1 
Division of Fuel Facility Inspection 

 
Docket No.  70-27 
License No.  SNM-42 
 
Enclosure: NRC Inspection Report No. 70-27/2009-005 
 
cc w/encl: 
Barry L. Cole 
Manager 
Licensing and Safety Analysis 
Babcock & Wilcox 
Nuclear Operations Group, Inc. 
Electronic Mail Distribution 
 
Leslie P. Foldesi 
Director 
Bureau of Radiological Health 
Department of Health 
Electronic Mail Distribution 
 
Distribution w/encl:  (See page 3) 
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EXECUTIVE SUMMARY 

 
Babcock & Wilcox Nuclear Operations Group, Inc. 

NRC Inspection Report 70-27/2009-005 
 
The purpose of this regional initiative inspection was to review the facts and circumstances 
surrounding the failure of safety interlock functions on a process furnace identified as Work 
Station #145.  The safety interlock functions were designated as items relied upon for safety 
(IROFS) in the licensee’s Safety Analysis Report (SAR) 15.18.  The safety interlocks consisted 
of automated valves that control the feed of combustible gases to the furnace and were 
managed by a programmable logic controller (PLC).  The PLC monitors data from a variety of 
instrumentation and then manages furnace operations in accordance with programmed 
responses.  The interlock failures were discovered by the licensee on January 8, 2009 and 
reported to the NRC on January 9, 2009, as Event Notification (EN) 44761.  The inspection 
objectives included: (1) determine the facts and circumstances surrounding the event;  
(2) evaluate the safety implications and the licensee's responses to the event; (3) determine the 
effectiveness of licensee’s immediate corrective actions; (4) identify root causes and 
contributing factors; (5) review the licensee’s event investigation and intermediate corrective 
actions; and (6) determine if any violations of NRC regulations occurred. 
 
Event Description 
 
• On January 8, 2009, a ventilation safety interlock on process furnace Work Station #145 

failed a post-maintenance functional test.  Specifically, a safety interlock function 
designated as an IROFS designed to terminate the flow of hydrogen gas into the furnace 
upon receiving an alarm signal, failed to operate as designed.  During follow-up 
troubleshooting, the licensee identified the failure of an additional IROFS interlock 
function designed to terminate the flow of carbon monoxide gas into the furnace upon 
receiving an alarm signal.  Each failure would occur only under specific operational 
conditions.  (Paragraph 2.b.) 

 
Event Response 
 
• Upon discovery of the first safety interlock failure, the licensee initiated the following 

response actions: (1) suspended efforts to restart furnace Work Station #145; (2) 
investigated the causes and extent of the furnace interlock failures; (3) notified the NRC 
about the furnace IROFS failures; (4) suspended operation of similar furnaces to confirm 
the adequacy of the IROFS functional testing; and (5) reviewed all facility safety analysis 
reports to determine if other IROFS could be subject to similar failure scenarios resulting 
from operational variables.  (Paragraph 2.c.) 

 
Effectiveness of Immediate Corrective Actions 
 
• The licensee's immediate assessment and response activities were effective at 

mitigating potential negative consequences associated with safety interlock failures at 
Work Station #145, as well as other similar furnaces and equipment.  Assessment and 
response activities were consistent with licensee policies and were conservative with 
respect to maintaining plant safety equipment in compliance with license conditions.  
(Paragraph 2.d.)  
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Root Causes and Contributing Factors 
 
• The licensee performed an investigation and determined that furnace modifications and 

PLC software revisions completed in 1996 and 2003 inadvertently created a relatively 
small envelope of operating conditions that disabled some safety interlock functions.  
Functional surveillance tests used since the 1996 and 2003 programming revisions were 
not sufficiently revised to challenge the furnace PLC control system over the full 
operating range of gas flow rates and temperatures.  The licensee's investigations 
determined that the complexity of the PLC program was a contributing factor in limiting 
the ability of the licensee’s staff to comprehend the consequences of previous software 
revisions.  The safety interlock weaknesses were only discovered when the technician 
performing the functional test inadvertently selected a low hydrogen flow value.  
(Paragraph 2.d.) 

 
Assessment of Licensee's Investigation and Corrective Actions 
 
• The inspectors determined that upon discovery of the IROFS failures, the licensee 

responded appropriately and in accordance with operating protocols.  The licensee’s 
assessment of the event and implementation of corrective actions to address 
contributing causes was determined to be adequate.  The information contained within 
EN 44761 and the 30-day written report to the NRC were accurate.  The licensee met 
the reporting requirements of 10 CFR 70, Appendix A for the IROFS failures.  
(Paragraph 2.d.) 

 
Regulatory Findings 
 
• A violation of 10 CFR 70.62 (d) was identified, in that, the licensee failed to establish a 

safety program that would ensure engineered and administrative controls and control 
systems that are identified as IROFS are designed, implemented, and maintained, as 
necessary, to ensure they were available and reliable to perform their function when 
needed.  Specifically, the licensee failed to establish and maintain full functionality of 
safety interlocks designated to stop the flow of hydrogen and/or carbon monoxide gases 
into furnace Work Station #145 upon receiving specific alarm signals.  This non-
repetitive, licensee-identified and corrected violation is being treated as a non-cited 
violation (NCV), consistent with Section VI.A.8 of the Enforcement Policy.  The violation 
is identified as NCV 70-27/2009-05-01, Inadequate Testing of PLC Managed IROFS on 
Furnace Work Station #145.  (Paragraph 2.e.) 

 
 
 
Attachment: 
Partial Listing of Persons Contacted 
List of Items Opened, Closed and Discussed 
Inspection Procedures Used 



  

 

REPORT DETAILS 
 
 
1. Summary of Plant Status 
 

Routine plant and production operations were ongoing.  Furnace Work Station #145 had 
been returned to service following the licensee’s event investigation, implementation of 
corrective actions, and successful testing of the revised furnace interlocks.  The 
inspectors were able to examine the operating furnace and confirm the installation of 
new safety interlock hardware. 
 

2. Reactive Inspection for Events at Fuel Cycle Facilities (88003) 
 
a. Discovery of IROFS Failures on Furnace Work Station #145 
 
(1) Inspection Scope and Observations 

 
On January 8, 2009, licensee personnel were performing post-maintenance functional 
testing of the control system for furnace Work Station #145 located in the Specialty 
Fuels Facility.  Functional testing was being performed in accordance with testing 
procedure OP-1001828, FAS Maintenance and Furnace Testing.  During the testing of 
furnace safety interlocks, the licensee discovered that several safety interlocks failed to 
perform as expected under specific operating conditions.  The safety interlocks were 
designed to initiate a safe shutdown of the furnace upon the receipt of an alarm signal 
from furnace instrumentation.  The licensee submitted EN 44761 on January 9, 2009; 
and a 30-day written report February 5, 2009.  The purpose of this inspection was to 
review the facts and circumstances surrounding the failure of safety interlock functions 
on furnace Work Station #145.  The inspection targeted the licensee's responses 
including immediate mitigative actions, formalized investigations, evaluation for extent of 
condition, and adequacy of resulting corrective actions. 

 
(2) Conclusions 

 
The inspectors determined that upon discovery of the IROFS interlock failures, the 
licensee responded appropriately and in accordance with operating protocols.  The 
information contained in EN 44761 and the 30-day report to the NRC was accurate.  The 
licensee met the reporting requirements of 10 CFR 70, Appendix A for the IROFS 
failures. 

 
b. Description of PLC-Managed IROFS Functions 
 
(1) Inspection Scope and Observations 

 
The interlock failures were discovered during post-maintenance testing which was being 
conducted in accordance with procedure OP-1001828.  The first safety interlock 
consisted of an automated flow control valve designed to terminate the flow of hydrogen 
gas into the furnace upon the occurrence of an alarm signal.  The flow control valve was 
managed by a PLC that failed to command the valve to close when the PLC received an 
alarm signal.  During follow-up troubleshooting, a second IROFS function for terminating 
the flow of carbon monoxide gas into the furnace upon receiving an alarm signal, also 
failed.  An additional carbon monoxide gas failure mode was identified when the flow of  
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gas into the furnace would not properly terminate, upon receipt of a furnace alarm signal, 
until the furnace temperature dropped below 1000oC.  The IROFS functions were 
designed to prevent accumulation and potential ignition of hydrogen and/or carbon 
monoxide gases within the exhaust ductwork.  The licensee's engineering staff 
determined that the problems were related to limitations in the PLC programming code. 
 
The furnace PLC was designed to manage all furnace functions in accordance with PLC 
fixed programming and some variable parameters entered by operations technicians.  
The PLC acquires real-time operational data via input signals from furnace 
instrumentation that includes temperatures, flow rates, pressures, and others.  The 
furnace PLC also receives alarm signals from a separate PLC designated to monitor 
building or facility general alarms including signals from combustible gas sensors and 
other facility safety instrumentation.  The facility alarm system PLC is referred to as the 
FAS-PLC. 
 
The licensee's engineers believed that the furnace PLC was programmed to initiate a 
safety-shutdown sequence when the furnace PLC received alarm signals.  The 
shutdown sequence was expected to terminate the flow of hydrogen and/or carbon 
monoxide gases into the furnace under all operating conditions.  The functional test 
procedure specified the use of simulated alarm signals to confirm that the furnace PLC 
would initiate a furnace shut down sequence when alarm signals were received from two 
general sources: (1) alarms originating from furnace instrumentation, and (2) alarms 
originating from the FAS-PLC.  It was discovered that the furnace PLC programming 
initiated the shutdown sequence differently depending on the source of the alarms and if 
the hydrogen/carbon monoxide flow rates were set at 10% or less.  The minor 
differences between the two programmed shutdown sequences were not known, and 
thus unexpected.  The licensee believed that the difference between the shutdown 
sequences was a casual factor that contributed to the IROFS failures and was likely 
related to evolutionary revisions to a very complex software program. 
 
The licensee's investigation determined that IROFS failures occurred only under the 
following test conditions and would have occurred under similar conditions during 
operation: 
 
(I) Hydrogen gas flow would not properly terminate upon the application of a   

furnace instrumentation alarm signal to the furnace PLC when the furnace 
hydrogen-to-argon ratio was set to operate at 10% or less.  The origin of the 
programming shortfall was likely a 1996 modification where a premixed 
hydrogen/argon gas source was converted to a PLC managed mixing process to 
provide any desired ratio by controlling mixing valves from a separate hydrogen 
source and a separate argon source.   
 

(II) Carbon monoxide gas flow would not properly terminate upon the application of a 
furnace instrumentation alarm signal to the furnace PLC when the furnace carbon 
monoxide-to-argon ratio was set to operate at 10% or less.  In addition, gas flow 
would not properly terminate upon the occurrence of a furnace PLC alarm signal 
until the furnace temperature dropped below 1000oC.  The origin of the 
programming shortfall was likely a 2003 modification where a premixed carbon  
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 monoxide/argon gas source was converted to a PLC managed mixing process to 

provide any desired ratio by controlling mixing valves from a separate carbon 
monoxide source and a separate argon source. 
 

(2) Conclusions 
 
The licensee discovered the failures of IROFS safety interlocks on furnace Work Station 
#145 during functional testing and troubleshooting activities.  The PLC programming had 
been revised in 1996 to accommodate hydrogen process changes and in 2003 to 
accommodate carbon monoxide process changes.  Previous surveillance functional 
testing demonstrated acceptable performance because the testing included hydrogen or 
carbon monoxide flows set to 100%, versus 10% or less where the failures occurred.  
Another carbon monoxide failure mode existed such that when a furnace alarm signal is 
received the flow of gas into the furnace would not properly terminate until the furnace 
temperature dropped below 1000oC.  The inspectors concluded that functional 
surveillance tests used since the 1996 and 2003 programming revisions may not have 
sufficiently challenged the furnace PLC control system over the full operating range of 
gas flow rates and temperatures.  The complexity of the PLC program was a contributing 
factor in limiting the ability of the licensee’s staff to comprehend the consequences and 
limitations of previous revisions to the software.  The interlock weaknesses were only 
discovered when the individual performing the functional test inadvertently selected a 
low hydrogen flow setting. 

 
c. Safety Significance of IROFS Failures 
 
(1) Inspection Scope and Observations 

 
Upon discovery of the first IROFS failure, the licensee implemented the following 
corrective actions: (1) suspended efforts to restart furnace Work Station #145 until 
corrective actions were implemented to achieve IROFS responses consistent with 
performance defined in SAR 15.18; (2) suspended operation of similar furnaces to 
confirm the adequacy of the IROFS functional testing; and (3) reviewed all facility SAR’s 
to determine if other IROFS’s could be subject to similar failure scenarios as a result of 
variations of formula, temperature, or other adjustable process options.  PLC 
programming weaknesses could have included process controls with adjustable or 
variable operating parameters that could exceed the PLC’s programmed envelope of 
safety responses.  The licensee developed a comprehensive list of equipment for review 
and determined that the PLC programming associated with the subject furnace was 
unique and that other PLC managed IROFS functions were not likely susceptible to 
similar failure modes. 
 
A worst-case scenario resulting from those IROFS failures at Work Station #145 during 
operation could possibly have resulted in a combustible gas mixture in the exhaust 
system and a subsequent ignition event.  However, a combustible gas sensor in the 
ductwork was connected to the furnace PLC via the FAS-PLC, and acting through a 
different programming structure capable of completely terminating the flow of 
combustible gases, would have prevented the development of any actual hazardous 
condition. 
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(2) Conclusions 
 
Licensee response included shutting down similar furnaces in the facility and conducting 
reviews of other equipment that could have had similar weaknesses.  The inspectors 
found the licensee's responses were conservative and effective at minimizing the risks to 
the facility.  The risk of a worst-case ignition event within the ductwork associated with 
the subject furnace was low due to the presence of an independent combustible gas 
detector located in the ductwork.  The combustible gas detector was operational at the 
time and was capable of providing a redundant gas termination capability.  The 
inspectors concluded that the actual safety significance of the IROFS safety interlock 
malfunctions was low. 
 

d. Event Investigation and Corrective Actions 
 
(1) Inspection Scope and Observations 

 
The licensee's technician recognized the safety significance of the IROFS failures and 
promptly notified appropriate facility management on January 8, 2009.  The licensee 
submitted EN 44761 to the NRC on January 9, 2009.  The event was entered into the 
licensee’s corrective action program as CA200900022.  Licensee management initiated 
an investigation using Human Performance Improvement analysis methods to identify 
potential error precursors.  The corrective action program and the investigative 
documentation included a substantial description of the event, event timeline, review of 
historic work activities on Work Station #145, investigation conclusions, immediate 
corrective actions, and intermediate-term corrective actions.  The licensee noted in its 
investigation that the PLC programming code was large and complex, and was a casual 
factor that inhibited personnel from identifying various modes of failure. 
 
Corrective action report CA200900022 included a list of corrective action resolutions.  
The inspectors verified that the licensee had completed all corrective actions except for 
revisions to the licensee's rapid-change procedure which has an expected completion 
date of June 30, 2009.  Significant corrective actions included equipment modifications 
and reprogramming of the furnace Work Station #145 PLC control system (explained in 
detail in the next paragraph).  Additional corrective actions included enhancements of 
internal change review processes requiring additional analysis rigor when reviewing 
proposed changes affecting PLC logic and/or changes affecting personal computer-
based (PC) logic.  The internal change review form now includes an additional query that 
will enhance the identification and analysis of proposed changes to PLC/PC managed 
IROFS.  This additional review rigor was intended to ensure that IROFS functionality is 
adequately challenged with up to date functional test plans.  The last corrective action 
commitment specified the development and distribution of a lessons learned document.  
The lessons learned document included a description of the incident and cautioned 
engineers making similar changes to ensure that IROFSfunctional test plans were 
revised when necessary, and that such revised test plans adequately challenged the 
PLC/PC based IROFS functionality over the entire expected operating range. 
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Licensee investigative conclusions indicated that hardware, PLC programming, and 
administrative revisions would be required prior to restart of furnace Work Station #145.  
All three prerequisites have been completed.  Hardware modifications to the furnace gas 
supply system included the installation of a new twin-valve/single actuator assembly 
located downstream of the existing hydrogen and carbon monoxide flow control valves.  
The new isolation valve assembly ensures absolute termination of combustible gases in 
accordance with a new furnace PLC software patch.  A new argon control valve ensures 
that an argon purge will occur either upon the loss of electrical power or as controlled by 
the new software patch.  The new PLC software patch included a relatively independent 
block of programming designed to operate the new valves independently of existing 
programming that manages the hydrogen and carbon monoxide flow control valves.  The 
original software code responsible for operation of the original flow control valves 
remains essentially the same. 
 
The licensee implemented additional administrative changes to ensure that modifications 
to PLC/PC managed IROFS and/or safety-related equipment functions were readily 
identified and more rigorously evaluated.  The administrative revisions should provide 
additional assurance that functional testing of IROFS and other safety-related equipment 
will be adequately evaluated over the entire operational envelope.  The licensee revised 
the functional test procedure change request 14899 for furnace Work Station #145 to 
include significant additional testing protocols.  The additional protocols included low and 
high flow rates of hydrogen and carbon monoxide gases at relatively low and high 
furnace temperatures.  The inspectors reviewed the results of the latest functional test 
plan performed after all furnace modifications had been completed.  The inspectors 
concluded that the revised functional test procedure provided a rigorous and 
comprehensive challenge to the functionality of PLC managed IROFS. 

 
(2) Conclusions 

 
The inspectors evaluated hardware modifications, software revisions, administrative 
changes including the enhanced test protocols for evaluating the performance of IROFS 
functions involving furnace Work Station #145.  The inspectors determined that the 
licensee had implemented relevant corrective actions that would likely prevent 
recurrence of similar IROFS failures. 
 

e.  Regulatory Findings 
 
A violation of 10 CFR 70.62 (d) was identified, in that the licensee failed to establish a 
safety program that would ensure engineered and administrative controls and control 
systems that are identified as IROFS are designed, implemented, and maintained, as 
necessary, to ensure they are available and reliable to perform their function when 
needed.  Specifically, the licensee failed to establish and maintain full functionality of 
safety interlocks designated to stop the flow of hydrogen and/or carbon monoxide gases 
into furnace Work Station #145 upon receiving specific alarm signals.  This non-
repetitive, licensee identified and corrected violation is being treated as a non-cited 
violation (NCV), consistent with Section VI.A.8 of the Enforcement Policy.  The violation 
is identified as 70-27/2009-05-01, Inadequate Testing of PLC Managed IROFS on 
Furnace Work Station #145. 
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The inspectors reviewed information regarding the circumstances resulting in the event, 
the licensee's efforts to identify the extent of similar weaknesses in other equipment, the 
timeliness and magnitude of corrective actions already taken to correct weaknesses and 
to prevent recurrence.  The inspectors concluded the safety significance of the IROFS 
failures was low and that the licensee implemented relevant and timely corrective 
actions that will provide additional assurance that similar IROFS failures will not recur.  
The licensee is not required to submit a written statement or explanation and this 
violation is considered closed. 
 

3.0 Exit Meeting 
 

The inspection scope and results were summarized on February 12, 2009, with R. 
Cochrane, General Manager, and other members of the licensee’s staff.  A re-exit was 
conducted between the NRC Resident Inspector S. Subosits and the licensee's 
Licensing and Safety Analysis Manager B. Cole on March 12, 2009.  Although 
proprietary information and processes were reviewed during this inspection, proprietary 
information was not included in this report.  No dissenting comments were received from 
the licensee. 
 



  

 

 
 

ATTACHMENT 
 

 
1. LIST OF PERSONS CONTACTED 
 

R. Cochrane, General Manager 
J. Creasey, Manager, Uranium Processing 
D. Faidley, Manager, Nuclear Criticality Safety 
B. Cole, Manager, Licensing & Safety Analysis 
C. Yates, Manager, Nuclear Safety and Licensing 
D. Ward, Manager, Environment, Safety, Health and Safeguards 

 S. Niedzialek, Manager, Uranium Recovery Maintenance 
 M. Kerr, Engineer, Uranium Recovery Maintenance 
 

Other licensee employees contacted included engineers, technicians, production staff, 
security, and office personnel. 
 

 
2. INSPECTION PROCEDURES USED 
 

IP 88003 Reactive Inspection for Events at Fuel Cycle Facilities 
 

 
3. LIST OF ITEMS OPENED, CLOSED AND DISCUSSED  
 

Item Number  Status   Description 
 
70-27/2009-05-01 Open/Closed   NCV – Inadequate Testing of PLC Managed 

IROFS on Work Station Furnace #145 
(Paragraph 2.e) 
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