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SUBJECT: NRC REACTIVE INSPECTION REPORT 030-32303/2016-001
Dear Mr. Gibson:
This letter refers to the announced, reactive inspection conducted on September 29 and
October 12, 2016, at your facility in Soda Springs, Idaho, with continued review of associated
records and procedures through February 6, 2017. The inspection was conducted in response
to an Event Notification Report (Event Number 52268) that involved a potential radiation
overexposure to members of the public from a fixed nuclear gauge used at Monsanto
Company’s P4 phosphorus production facility.
The inspection examined activities conducted in response to the event and under your license
as they relate to public health and safety and compliance with the U.S. Nuclear Regulatory
Commission’s (NRC) rules and regulations. Within these areas, the inspection consisted of
interviews with personnel, time and motion studies for the potential overexposure, examination
of procedures, assessment of doses received by individuals involved with the event, and
evaluation of the root causes and the corrective actions taken in response to the event.
The inspectors discussed the preliminary inspection findings with you and your staff on
October 12, 2016, at the conclusion of the onsite portion of the inspection. The NRC conducted
a final exit briefing telephonically with you and your staff on February 22, 2017. The enclosed
report presents the results of this inspection.
Based on the results of this inspection, three apparent violations were identified and are being
considered for escalated enforcement action in accordance with the NRC Enforcement Policy.
The current Enforcement Policy is included on the NRC’s Web site at www.nrc.gov/aboutnrc/regulatory/enforcement/enforce-pol.html. The apparent violations involved a failure to
ensure that only qualified workers performed licensed work activities, a failure to ensure that
those work activities be coordinated with the Radiation Safety Officer (RSO) who was required
to, but did not, evaluate exposure-related safety or health concerns and take appropriate
preventative measures, and a failure to ensure that the work activities did not expose personnel
to direct contact with a primary beam. Collectively the apparent violations represent a
weakness in your radiation safety program as it relates to the procurement, installation and
repair of the fixed gauge, which could have resulted in overexposures to members of the public.
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The circumstances surrounding the apparent violations, the significance of the issues, and the
need for lasting and effective corrective action were discussed with you and your staff during the
final exit briefing.
In addition, since your facility has not been the subject of escalated enforcement actions within
the last two inspections, and based on our understanding of your corrective actions, a civil
penalty may not be warranted in accordance with Section 2.3.4 of the Enforcement Policy.
The final decision will be based on you confirming on the license docket that corrective actions
in response to the apparent violations have been or will be taken.
Before the NRC makes its enforcement decision, we are providing you an opportunity to
(1) respond, in writing, to the apparent violations addressed in this inspection report within
30 days of the date of this letter; or (2) request a predecisional enforcement conference (PEC).
If a PEC is held, it will be open for public observation and the NRC will issue a press release to
announce the time and date of the conference. If you decide to participate in a PEC, please
contact Mr. Ray L. Kellar, P.E., Chief, Nuclear Materials Safety Branch A, at 817-200-1191,
within 10 days of the date of this letter to notify us of your intentions. A PEC should be held
within 30 days of the date of this letter.
If you choose to provide a written response, it should be clearly marked as a "Response to
Apparent Violations in NRC Inspection Report 030-32303/2016-001; EA-16-267," and should
include for each apparent violation: (1) the reason for the apparent violation or, if contested, the
basis for disputing the apparent violation; (2) the corrective steps that have been taken and the
results achieved; (3) the corrective steps that will be taken; and (4) the date when full
compliance will be achieved. Your response may reference or include previously docketed
correspondence, if the correspondence adequately addresses the required response.
Additionally, your response should be sent to the U.S. Nuclear Regulatory Commission, ATTN:
Document Control Center, Washington, DC 20555-0001, with a copy to the Director, Division of
Nuclear Materials Safety, U.S. Nuclear Regulatory Commission, Region IV, 1600 East Lamar
Blvd., Arlington, TX 76011-4511 within 30 days of the date of this letter. If an adequate
response is not received within the time specified or an extension of time has not been granted
by the NRC, the NRC will proceed with its enforcement decision or schedule a PEC.
If you choose to request a PEC, the conference will afford you the opportunity to provide your
perspective on these matters and any other information that you believe the NRC should take
into consideration before making an enforcement decision. The decision to hold a PEC does
not mean that the NRC has determined that a violation has occurred or that enforcement action
will be taken. This conference would be conducted to obtain information to assist the NRC in
making an enforcement decision. The topics discussed during the conference may include
information to determine whether a violation occurred, information to determine the significance
of a violation, information related to the identification of a violation, and information related to
any corrective actions taken or planned.
In presenting your corrective actions, you should be aware that the promptness and
comprehensiveness of your actions will be considered in assessing any civil penalty for the
apparent violations. The guidance in NRC Information Notice 96-28, "Suggested Guidance
Relating to Development and Implementation of Corrective Action," may be helpful. You can
find an updated excerpt from NRC Information Notice 96-28 on the NRC Web site at
http://www.nrc.gov/docs/ML0612/ML061240509.pdf.
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In addition, please be advised that the number and characterization of the apparent violations
described in the enclosed report may change as a result of further NRC review. You will be
advised by separate correspondence of the results of our deliberations on this matter.
In accordance with Title 10 of the Code of Federal Regulation 2.390, of the NRC’s “Agency
Rules of Practice and Procedure,” a copy of this letter and the enclosed inspection report will be
made available electronically for public inspection in the NRC Public Document Room or from
the NRC’s Agencywide Documents Access and Management System (ADAMS), accessible
from the NRC Web site at http://www.nrc.gov/reading-rm/adams.html. To the extent possible,
your response should not include any personal privacy or proprietary information so that it can
be made available to the public without redaction
If you have any questions concerning this matter, please contact Mr. Ray L. Kellar of my staff at
817-200-1191.
Sincerely,
/RA/
Mark R. Shaffer, Director
Division of Nuclear Materials Safety
Docket No. 030-32303
License No. 11-27361-01
Enclosure: NRC Reactive Inspection Report 030-32303/2016-001
cc w/enclosures:
Idaho Radiation Control Program Director
Tennessee Radiation Control Program Director
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EXECUTIVE SUMMARY
P4 Production, LLC
NRC Inspection Report 030-32303/2016-001
On September 28, 2016, P4 Production LLC reported to the Nuclear Regulatory Commission
(NRC) Operations Center that a safety equipment failure had occurred at their facility on
September 27, 2016. The event occurred at the licensee’s elemental phosphorus production
facility located in Soda Springs, Idaho. The event report indicated that two contractors may
have received a radiation exposure in excess of regulatory limits. Both contractors were
dismantling a fixed nuclear gauge when the event occurred; these individuals were not radiation
workers and are therefore considered members of the public. The NRC initiated an announced,
reactive inspection on September 29, 2016. The potential radiation overexposure event
occurred when a moveable source probe, containing 300 millicuries of americium-241/beryllium,
slid out of the open end of a dismantled fixed nuclear gauge.
Radiation Dose Assessment
The NRC independent radiation dose assessment determined that no regulatory dose limits
were exceeded. Contractor 1 received an estimated whole body dose of 18.1 millirem (mrem)
and extremity dose to the hand of 68.2 mrem. Contractor 2 received an estimated whole body
dose of 1.2 mrem and extremity dose to the hand of 21.3 mrem. (Section 4)
Causes of the Event
The direct cause of the potential overexposure was a failure to ensure that the fixed gauge
locking mechanism was engaged and had immobilized the moveable source probe. Failure to
lock the source probe in place permitted it to slide out of the gauge during a planned
maintenance operation. The contributing and root causes were investigated by the licensee and
evaluated independently by the NRC and are discussed in the body of the report. (Section 5)
Inspection Findings
The two contractors did not complete Radiation Safety Officer (RSO) training prior to performing
installation and dismantling work on the fixed nuclear gauge, as required by License Condition
17 A. The RSO failed to perform a radiological review or evaluation of the planned maintenance
operation, coordinate with the employees performing the planned work that day, or implement
preventative measures for dose rates that exceeded 2 mrem per hour, in accordance with
procedural requirements tied to License Condition 25 A. Additionally, the work activities
resulted in direct contact with the gauge’s primary beam, which is restricted by License
Condition 19 A. (Section 6)
Corrective Actions
P4 Production, LLC suspended plans for any use of the fixed gauge and is in the process of
contracting for its removal from the site. The licensee is planning to update its operating and
emergency procedures to require that the RSO have full understanding of the design and
operation for any new radioactive devices prior to receipt onsite. Six plant-wide safety meetings
were held to provide all plant personnel updated training on the event causes and the
procedural requirements to coordinate work on or near nuclear gauges with the RSO.
Recurring training on those procedural requirements will be provided to all plant personnel
every 36 months. Additionally, all “Caution Radioactive Materials” postings near all nuclear
gauges onsite will be updated to read “Caution Radioactive Materials, Contact RSO to review
job prior to working on or near.” (Section 7)
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Report Details
1

Program Overview (Inspection Procedure 87103 & 87124)

1.1

Inspection Scope
The reactive inspection began on September 29, 2016, when the inspectors responded onsite
at P4 Production, LLC to follow up on an Event Notification Report (Event Number 52268). A
safety equipment failure and unnecessary radiation exposure occurred on September 27, 2016,
when two contractors dismantled a fixed gauge off a large vessel and were unable to fully
retract and shield the fixed gauge’s source. On October 12, 2016, the inspectors were onsite
again to obtain additional information pertaining to this event.
The license’s event report contained information that indicated that two contractors (considered
members of the public) may have received a radiation exposure in excess of the 100 mrem
yearly limit, as found in Title 10 Code of Federal Regulations (CFR) 20.1301(a)(1). Although an
actual exposure in excess of the limit did not occur (See Section 4 for detailed information on
the dose assessment), the equipment failure did result in an unnecessary radiation exposure.
The licensee did not anticipate that the two contract workers who installed and dismantled the
fixed nuclear gauge could receive an occupational radiation dose and did not provide them
radiation worker training.
The inspection focused on the direct, contributing and root causes of the event, independent
dose assessments, and the adequacy of licensee corrective actions. The inspectors reviewed
the NRC materials license, the licensee’s operating and emergency procedures, supporting
documentation related to the safety equipment failure, and the licensee’s records of activities
related to the licensed materials onsite. Additionally, the inspectors reviewed the certificate in
the Registry of Radioactive Sealed Sources and Devices for the fixed nuclear gauge involved in
the event. Collectively, these documents described the licensee’s radiation safety program.

1.2

Observations and Findings
P4 Production, LLC, a wholly owned subsidiary of Monsanto Company, is authorized under
NRC License 11-27361-01 for use of fixed nuclear gauging devices to detect moisture content,
density and levels of various materials within vessels and piping, which are used in the
extraction, purification and concentration of elemental phosphorus. The elemental phosphorus
is used to manufacture agricultural fertilizers and other related products. Chunks of carbon rich
charcoal, called coke fines, are used in the furnaces as a fuel and reactant along with silica and
select ore to create phosphorus gas. Coke fines are sorted by size in a screening vessel before
being used and the moisture content held in the bulk of the smallest pieces, as measured by a
fixed nuclear gauge, determines if they can be used in the furnaces.
The failed fixed gauge was a Berthold Technologies, USA, LLC (Berthold) Model LB350
(LB350), and was the only insertion-probe type gauge in use at the site. The licensee initially
received the LB350 from the gauge vendor in two pieces. One piece was the dip tube and the
second piece was the gauge shield, which housed the source probe. The source probe was
designed to travel back and forth from the shield to the dip tube. The dip tube extends into the
coke fine’s vessel to measure its moisture content. Berthold was the licensee’s gauge vendor
and service provider for installation and operational activation of the LB350.
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The gauge shielding surrounded the source probe and primary beam on the LB350, and a
separate transportation shield covered the open end of the gauge shield. The transportation
shield was designed to be removed when the gauge was mounted on a vessel and to be reinstalled any time the gauge was dismantled. The LB350 does not have a shutter mechanism
to shield the primary beam when mounted on a vessel. The licensee did not understand the
unique shielding design and locking mechanism of the LB350 until after the event occurred.

Material (coke fines at the
licensee’s facility) in a vessel
that needs a moisture content
measurement.
Americium-241/beryllium
source fixed within the
moveable source probe.
Dip Tube on the interior of the
vessel. (Shield not drawn on
outside of vessel)
The moveable source probe is
pictured in the dip tube.

Figure 1: Drawing of the fixed gauge source probe inserted into a vessel through the dip tube
To immobilize the moveable source probe and lock the gauge, the probe had to be positioned
within the gauge shield, which is mounted on the outside of the vessel. The lock operated using
a tongue and groove mechanism where an L-shaped tongue was designed to engage with a
groove in the source probe, similar to a key-operated cabinet lock. Engagement of the tongue
with the groove in the probe could not be verified by sight because the mechanism was internal
to the gauge.
Although a lock and source probe position indicator is an optional piece of equipment available
for the LB350, the licensee did not purchase the position indicator. Therefore, a physical
attempt to move the source probe out of the locked position was necessary to verify lock
engagement.
In comparison, the licensee’s other 48 fixed nuclear gauges were equipped with immobile
sources and permanently mounted shutters that could be placed in the “off” position to shield
the source and primary beam. The shutter position indicators on those 48 fixed gauges were
clearly visible for determining if the source was shielded. The licensee used padlocks, visible
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on exterior of those gauges, to indicate that the immobile sources would remain shielded until
unlocked.
The shield of the LB350 is pictured below, mounted on the outside of the coke fines vessel.
Lock

Source probe is located
here inside of the shield

Gauge
shield

Open flanged
end, installed

Vessel wall

Figure 2: Berthold fixed gauge Model LB350, with LB7409-3 shield and bunker probe LB6666
2

Background Information and Event Overview

2.1

Background Information
On March 5, 2012, the licensee requested a sales quote from the gauge vendor for a surface
mounted fixed gauge, which would be mounted flush to the side of the coke vessel. On
March 8, 2012, the gauge vendor responded to the licensee’s request by proposing the LB350.
The gauge vendor recommended the LB350 because it provided a more accurate moisture
measurement than the surface mounted gauge requested by the licensee. The vendor did not
provide an engineering and safety analysis for use of the LB350, nor did the licensee perform a
safety analysis for using the LB350 on the coke vessel.
In November 2015 when the insertion-probe gauge arrived onsite, the licensee employed two
contractors to install the LB350 on the vessel, the same contractors who performed the work on
September 27, 2016 (the safety equipment failure). The contractors did not receive radiation
safety training, but were instructed to keep the open end of the gauge shield pointed away from
themselves. The RSO was present to observe part of the initial mounting and perform initial
5

surveys, which the licensee considered an effective review and evaluation of the work to be
performed. Although the gauge design and operation was not completely understood, the
licensee had correctly assumed that the new gauge arrived in a locked position.
On November 20, 2015, the contractors installed the gauge shield and the dip tube on the
vessel. During this initial installation, the contractors inadvertently disassembled the
transportation shield, which was comprised of an outer flange plate connected via screw to a
polyurethane plug. The outer flange plate was inadvertently discarded that day, and the
polyurethane plug was inadvertently left inside of the gauge still covering the primary beam. No
instructions were provided to the contractors by the gauge vendor or the licensee about how to
remove, use or store the gauge’s transportation shield.
On June 15, 2016, the gauge vendor’s technician (technician) was onsite at the licensee’s
facility to complete the installation by activating the gauge. However, the technician was unable
to insert the source probe into the dip tube and make initial measurements. To troubleshoot the
issue, the contractors removed the gauge from the vessel unaware that the polyurethane plug
still shielded the primary beam and prevented the source probe from being extended into the dip
tube and vessel. The technician, a trained radiation worker, found and removed the
polyurethane plug that had been left inside of the gauge. Based on their initial safety
instructions, the two contractors stayed behind the open end of the gauge and kept it pointed
away from all personnel. The gauge shield was then re-installed on the vessel; however the
technician was still unable to insert the source probe into the dip tube.
The contractors removed the gauge shield from the vessel again, unaware that the radiation
exposure conditions had changed after the polyurethane plug was removed. The gauge shield
was lifted up by chain fall, while pointed away from personnel. The source probe did not slide
out of the dismantled gauge shield when it was hoisted up because the electrical cord
connected to the source probe was weighted down with a metal push rod, providing resistance
to its movement. The primary beam, according to the individuals who performed the work, was
kept pointed away from people at all times during this maintenance activity. The technician and
the contractors working on the man-lift looked at the dip tube, and observed it was bent and
crimped closed on the inside of the vessel.
The contractors put the gauge shield back on the vessel. This provided the licensee time to
develop a plan for how to remove the bent dip tube and to fabricate a blank flange to cover the
vessel penetration after the dip tube was removed. The licensee expected the technician to
lock the gauge because it could not be used or activated with a bent dip tube. The exact date
that the dip tube was damaged is not known; however, the damage occurred between the date
when the device was received on November 18, 2015, and June 15, 2016, when the technician
was onsite to complete the installation. The technician attempted to lock the source probe in
the gauge and believed that the key-lock had engaged because measurements from his
radiation survey meter indicated the source probe was shielded. However, the technician, the
contractors and the licensee did not verify the source probe was immobilized by attempting to
move it out of its locked position.
The vendor’s recommendation to use an insertion probe gauge contradicted the guidance found
in its Moisture Meter LB350 User’s Manual, Revision 02 dated November 18, 2005. The user’s
manual for the LB350 stated on page 16 that “A surface moisture measurement has to be used
when the dip tube for the bunker probe is exposed to too much abrasion due to the product
falling down (e.g. coke)” and also when “the product being measured may fall directly onto the
dip tube.”
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The licensee had 48 surface-mounted type gauges in service at the facility. When the licensee
accepted the vendor’s proposal to use an insertion-probe gauge instead of a surface-mounted
gauge, the licensee did not adequately consider the abrasive environment the insertion probe
would be operating. The licensee did not perform an engineering and safety analysis of the
potential for normal winter weather to cause the abrasive coke to freeze together and fall
directly onto the dip tube, nor was a barrier engineered inside of the vessel to protect the
insertion probe and dip tube from falling coke. The analysis was not performed, and a barrier
was not built, because the licensee assumed that the vendor’s expertise was sufficient in-lieu of
performing an independent engineering safety analysis.
The LB350 was purchased without ensuring that proper engineering controls were in place to
protect the insertion probe and dip tube from falling coke. Neither the licensee nor the
technician fully understood the locking mechanism in the LB350, or understood how to ensure
that the gauge was properly locked out. Consequently, these circumstances were precursors to
the safety equipment failure and unnecessary radiation exposure to members of the public that
occurred on September 27, 2016.
2.2

Event Overview
On the day of the event, the licensee started a planned maintenance operation to remove the
gauge shield and damaged dip tube from the vessel, and install a blank flange on the vessel’s
penetration. Prior to beginning the maintenance operation the licensee and contractors
believed that the moveable source probe located inside the gauge shield was properly engaged
with the key-lock.
To gain access to the LB350 located high on the coke vessel, Contractor 1 was lifted up on an
engine powered articulating boom man-lift. Contractor 2 stayed on the ground or on the vessel
platform beneath the gauge during the maintenance operation. Contractor 2 kept a distance of
more than twenty feet from the gauge at all times except when he helped re-mount the gauge to
the vessel at the end of the maintenance operation.
When Contractor 1 unbolted the gauge shield that housed the source probe, he swung the open
flanged end down off the vessel keeping it pointed away from his body. Then he hoisted the
gauge shield four feet up above his position with a chain fall, keeping the open end pointed
away from all personnel and angled down towards the ground. While the gauge shield was
being hoisted up, the source probe slid approximately six inches out of the open end of the
gauge shield. The americium-241/beryllium source was still contained and held within the
source probe but the primary beam became completely unshielded.
Contractor 1 was unaware that the source had slid out of the gauge shield. However, the gauge
shield helped to reduce radiation exposure because it was kept between Contractor 1 and the
exposed source. The gauge shield and source stayed in that configuration for approximately
seventeen minutes while Contractor 1 attempted to remove the dip tube from the interior of the
vessel. The attempt to remove the dip tube was unsuccessful because it could not be dislodged
from the vessel.
After approximately seventeen minutes passed, Contractor 1 noticed the source probe
extending past the open end of the gauge shield but did not recognize what it was. He then
turned the open end of the gauge shield suspended by the chain fall with the exposed source,
and primary beam pointing directly towards the mid-section of his body. The source was
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approximately 100 centimeters away from Contractor 1’s mid-section. Contractor 1 pushed the
source probe partially back inside the shield, using his extended arm and a 12-inch wrench to
directly contact the source probe.
The source and primary beam became partially shielded when the probe was pushed back
inside the gauge shield. Contractor 1 pointed the open gauge shield end away from his body.
After locating some barrier tape, Contractor 1 attempted to secure the source probe from further
movement by placing the tape across the open end of the dismantled gauge shield. In doing so,
he exposed his hand to the primary beam at a close distance, approximately 5 centimeters.
After the barrier tape was put in place, the open end of the gauge shield was again pointed
down and away from all personnel.
Contractor 1 stopped work after putting the tape in place and lowered the man lift away from the
vessel. He called a licensee project manager to determine what actions should be taken next.
After taking pictures of the partially exposed source probe on the dismantled fixed gauge to
send to the gauge vendor, both of the contractors worked to re-install the gauge shield on the
vessel. The source remained partially shielded and pointed away from both contractors while
the barrier tape was removed from the open end of the gauge shield. Both contractors stayed
behind the gauge shield and ensured that the primary beam was directed towards the vessel
and away from their bodies during re-installation.
The contractors did not cover the open flanged end of the gauge shield with a transportation
shield, which was designed to provide shielding from the primary beam during shipping,
installation and dismantling. The use of the transport shield, if installed properly, could have
prevented the source probe from sliding out of the gauge shield preventing exposure of
Contractor 1 to the primary beam. However, the contractors never received instructions on
proper placement, storage or use of the transport shield. The transportation shield’s purpose is
only briefly described in the LB350 certificate from the Registry of Radioactive Sealed Sources
and Devices, and not described in the LB350 User’s Manual. The transportation shield had
been discarded during the installation of the LB350 because the licensee, the contractors, and
the technician did not understand when or how to use the transportation shield.
Both the gauge vendor and the licensee were unsuccessful in ensuring that the source was
maintained in a locked position. The licensee did not recognize that the LB350 required a
physical verification of lock engagement. The licensee also did not recognize that radiation
exposure conditions had changed after the transport shield was removed and that preventative
measures were needed to keep dose rates from exceeding 2 mrem per hour. On the day of the
event, the planned maintenance was not coordinated with the RSO. If the RSO had been
aware of and coordinated the gauge dismantling activities, a survey meter could have been
used to provide an early indication that the source had slid out of the gauge shield and that the
radiation exposure conditions had changed on the day of the event.
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Notifications and Reports (87103)
This event was required to be reported as a safety equipment failure by 10 CFR 30.50(b)(2)
within 24 hours of the event. The equipment became disabled and failed to function as
designed when the source probe failed to remain in a locked and shielded position during
dismantling activities. The licensee has since demonstrated to the NRC that the locking
mechanism is currently functioning as designed and that the lock is currently engaged with the
source probe.
8

The licensee provided a 30-day written report on October 27, 2016 as required by
10 CFR 30.50(c)(2) regarding the event, reported as a safety equipment failure, which can be
found at NRC’s Agencywide Document Access and Management System (ADAMS) under
accession number ML16306A447. The report included discussion of specific short-term
corrective actions taken in response to the event. The licensee’s root cause investigation
performed in response to the event can be found at ML16334A515.
4

Radiation Dose Assessment

4.1

Licensee Dose Assessment
The licensee’s dose assessment was performed by the gauge vendor using exposure time
estimates provided by the contractors during verbal interviews conducted by the NRC on
September 29, 2016. The gauge vendor estimated approximate distances and used dose rates
reported by the manufacturer of the americium-241/beryllium source, Model number Am1.N09,
as found in the Registry of Radioactive Sealed Sources and Devices.
The licensee estimated, based upon verbal interviews, that Contractor 1 received a whole body
exposure ranging between 3.91 mrem and 23.87 mrem. The higher dose was based on
practical observations of the time needed to complete the work instead of the verbal interview
information. The extremity dose estimate for Contractor 1 ranged between 10.83 mrem to 42.98
mrem based upon the same respective interview information.

4.2

NRC Dose Assessment
On September 29, 2016, the NRC inspectors observed simulated work activities conducted by
Contractor 1 including where the contractor was positioned while working on the man lift relative
to the gauge when it was removed from the vessel. Distances that the Contractor 1 had been
working from the exposed source and the position of the gauge, which provided partial shielding
during the event, were demonstrated during onsite re-enactments and discussions.
The inspectors reviewed work orders, time-stamped photographs, text messages, and phone
records to create a realistic timeline of the work that occurred on the day of the event. The
timeline was discussed with the contractors and the licensee project manager, and dose
estimates were calculated to provide an initial indication of the dose received. Initial indication
was that no public dose limits were exceeded.
On October 12, 2016, NRC inspectors performed follow-up interviews with personnel indirectly
or directly involved with the event, and requested written statements from the contractors for
their most accurate recollection of the work they performed that day. A revised timeline, which
included the written statements of the contractors, was used as a basis for the exposure times
in the NRC calculation. The revised timeline is included as Attachment 1 of this report.
The shielding provided by the gauge shield on Contractor 1 was considered in the calculations.
However, the largest uncertainty factor in the dose calculation was whether Contractor 1 was
partially shielded by the gauge shield when the source became fully exposed. To be
conservative the calculation used unshielded dose rates and assumed the shortest distances
from the gauge at those points in the timeline.
The source manufacturer provided dose rates for a 1 curie source, and because the source
activity in the LB350 gauge was 300 millicuries, 30 percent of the neutron plus gamma dose
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rate values were used in the NRC calculations. At a distance of 5 centimeters from the
unshielded source, the dose rate is 600 mrem per hour, at 30 centimeters the dose rate is
16.67 mrem per hour, and at 100 centimeters the dose rate is 1.5 mrem per hour. Additionally,
a shielded neutron plus gamma dose rate of 4 mrem per hour, at a distance of approximately
30 centimeters from the exterior of the gauge shield near the open end, was measured onsite
by the gauge vendor using a LB126 neutron dose rate meter connected to a LB6411 neutron
probe, both calibrated on March 14, 2016.
The NRC estimates that Contractor 1 received a whole body dose of 18.1 mrem. A second
scenario utilizing longer exposure times and reduced shielding provided by the gauge shield
resulted in the highest estimate, a whole body dose of 43.1 mrem. The extremity dose to the
hand of Contractor 1 ranges from 68.2 mrem to 97.5 mrem, respectively from the two different
scenario’s data. The dose for Contractor 2 was estimated at 1.2 mrem whole body and
21.3 mrem to the extremity of the hand.
4.3

Conclusions Regarding the Radiation Dose Assessment
Dose estimates performed by the licensee and the NRC were in relative agreement, and do not
indicate that regulatory limits were exceeded.

5

Causal Analysis of the Event
The licensee’s evaluation focused on causal factors pertinent to the day of the event, and the
root causes related to those factors. The NRC’s evaluation was broader in focus and
considered factors that occurred from the time when the gauge was selected for use up until the
event occurred.

5.1

Licensee’s Causal Analysis
The licensee event description states “The nuclear source inside the device was thought to be
fully retracted inside the device and safely shielded but when the device was tipped down the
cylinder containing the source slid outside of the device exposing the contractor to neutron
radiation.”
The licensee’s first Causal Factor was found to be there was no visual indicator that the source
is locked in a fully retracted position. The root cause of the first Causal Factor was that the
Design Specifications Need Improvement.
The licensee’s second Causal Factor was determined to be a failure to understand that the
transportation plug had to be installed in order to shield the source when the device was
detached. The root cause of the second Causal Factor was that the licensee’s Instruction
Needs Improvement.
The licensee’s root cause evaluation was used to assist licensee staff with implementation of
short and long-term corrective actions and additional response actions taken because of the
event.
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5.2

NRC Root Cause Evaluation
To determine the root cause or causes, the Management Oversight and Risk Tree approach
was used along with an “Events and Conditional Factors Analysis” chart to assist in determining
event causes and in considering actions that should have occurred under normal
circumstances.
A. Direct Cause:
The failure that led directly to the incident, without any additional intervening actions or failures,
was the failure to ensure that the fixed gauge’s locking mechanism was engaged with and had
immobilized the source probe.
B. Contributing Causes:
The following contributing causes did not necessarily lead to the event but made the event more
probable: (1) an adequate safety analysis of the planned maintenance work was not performed;
and (2) operational differences between the insertion gauge and the other fixed gauges onsite
were not understood.
An adequate safety analysis of the planned maintenance work may have prevented members of
the public without RSO training being permitted to perform the work.
If the operating differences of the LB 350 fixed nuclear gauge had been better understood by
the licensee the transportation shield may have been used, and a verification of the lock’s
engagement with the source may have occurred.
C. Root Causes:
The following root causes established the conditions that allowed the contributing causes to
develop and exist: (1) the licensee relied solely on the expertise of the gauge vendor for the
initial gauge selection and also for instructions on use and safe gauge operation; and (2) the
licensee used past operating experience from other fixed gauges that have non-moveable
sources, and shutters with position indicators, as a basis for understanding how the Berthold
LB350 fixed gauge operated.
If the licensee’s proposal to use a surface mount gauge had been followed, the gauge
dismantling would not have taken place. If the licensee had questioned the gauge vendor’s
expertise on the initial gauge selection, a basic understanding of the gauge’s operation could
have been gained. A basic understanding of the gauge’s operation was needed when
evaluating how to safely perform installation or dismantling.

5.3

Conclusions Regarding the Causal Analysis
Although the licensee’s causal analysis differed from the NRC’s independent root cause
evaluation, the licensee’s causal analysis appears to have identified corrective actions that have
or will be taken to prevent an event such as this from occurring in the future. The licensee’s
short and long term corrective actions are described in Section 7 of this report.
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6

Inspection Findings (87103)

6.1

Inspection Scope
The inspectors conducted interviews of the licensee’s RSO and other personnel directly or
indirectly involved in the event, performed time and motion studies, and reviewed records
related to the event.

6.2

Observations and Findings
The RSO did not participate in the fixed gauge procurement decision and did not provide a
review or evaluation to the vessel project manager regarding the insertion-probe gauge
selection. A flush mounted surface gauge, instead of the insertion probe, was a viable option
even though it was not as accurate. The RSO was not aware of or involved with the work on
this gauge until it arrived onsite in November 2015.
The licensee did not recognize the differences in performing routine maintenance activities
versus performing installation work on the LB350 gauge. That lack of recognition led to a failure
to follow the license condition that does not permit individuals without RSO training to install the
gauge. The differences in the risk associated with non-routine maintenance (installation) versus
routine maintenance work were not considered by the licensee.
Several license conditions limited the types of authorized maintenance activities that could be
performed by the licensee. Condition 11 specifically identifies three individuals who are
authorized to use the gauge and supervise work activities associated with the gauge. License
Condition 17 A. specifies the non-routine maintenance (installation, initial radiation surveys,
relocation, removal from service, dismantling and alignment) authorized to be performed by the
licensee and identifies the individuals in Condition 11 or other individuals who have completed
the training specified in the licensee’s application (RSO training) who are authorized to perform
these activities. The RSO interpreted that License Condition 11 applied to the work the
contractors performed instead of the non-routine work authorized under License Condition 17 A.
Installing and dismantling the new fixed gauge was considered by the RSO to be similar to
routine maintenance because of the RSO’s past operating experience with gauges that had
shutters and immobile sources. Fixed gauge mounting in the past had only involved putting
bolts on a flange with a shuttered and locked gauge. The risk differences involved with
installing the dip tube and gauge shield half without a transportation shield were not fully
analyzed.
License Condition 17 A. requires that only individuals with RSO training shall perform
installation, initial radiation surveys, relocation, and removal from service, dismantling, and
alignment. The licensee permitted contract workers to perform installation and dismantling of
the fixed gauge on November 20, 2015, June 15, 2016 and September 27, 2016. The
contractors were not provided any formal radiation safety training and were unqualified to
conduct the licensed activity. This is an apparent violation of License Condition 17 A.
(030-32303/16001-01)
In June 2016 when the transportation plug was removed by the gauge vendor’s technician, the
RSO was present but failed to recognize that dose rates, due to the exposed primary beam,
could have exceeded the 2 mrem per hour procedural limit. Work that could exceed the 2 mrem
per hour dose rate limit required implementation of a new work review, evaluation, and
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preventative measures during work activities involving the gauge according to the licensee’s
Ionizing Radiation Safety Procedure Number 334, Revision 6. An understanding of the gauge
operation and design differences was not developed such that the RSO was even aware that
radiation exposure conditions had changed. Preventative measures such as providing training
on how to ensure that the source was immobilized or how to shield the primary beam with the
transportation shield were not taken. The RSO did not review the activities associated with the
work after the exposure circumstances had changed and did not evaluate the exposure related
safety or health concerns to take preventative measures as required by License Condition 25 A.
On the day of the safety equipment failure event, September 27, 2016, the dismantling work to
be performed on the gauge was not coordinated with the RSO. The RSO was in a safety
meeting, and was unaware that the work was going to be started that afternoon.
License Condition 25 A. requires, in part, that the licensee conduct its program in accordance
with the statements, representations and procedures in the licensee’s application and
correspondence identified in the Condition. The licensee’s Ionizing Radiation Safety Procedure
Number 334, Revision 6, Step 7.6, requires that “any employee or contractor who is working on
or near a nuclear source shall coordinate their efforts with the plant RSO or RSO trained
personnel. The RSO will review the circumstances of the work to be performed, evaluate any
exposure related safety or health concern and take preventative measures. (If an employee's
dose will exceed 2 mrem per hour dose, then preventative measures will be taken).” On
September 27, 2016, the work was not coordinated with the RSO, nor were the circumstances
of the work to be performed reviewed or evaluated for any exposure related safety or health
concerns, and appropriate preventative measures to prevent employee’s dose rates from
exceeding 2 mrem per hour were not taken. This is an apparent violation of License
Condition 25 A. (030-32303/16001-02)
When the radiation conditions changed after the transportation plug was removed in June 2016,
any further repair attempts without the transportation shield created a potential for someone
working in the vicinity of the gauge to come into contact with the primary beam, which is
prohibited by License Condition 19 A.
License Condition 19 A. requires that if a licensee maintain or repair components, it does not
result in the potential for any portion of the body to come into contact with the primary beam.
On September 27, 2016, the licensee permitted a contractor to remove a fixed gauge from a
vessel that did not have a shutter or a shield and the contractor was exposed to the primary
beam. A transportation shield intended for covering the open end of the gauge when removed
from a vessel was not located or used, and the licensee did not provide instructions for its use.
This is an apparent violation of License Condition 19 A. (030-32303/16001-03).
6.3

Conclusions
Three apparent violations were identified involving failures to: (1) ensure that activities on fixed
nuclear gauges that involve installation, initial radiation surveys, relocation, removal from
service, dismantling, and alignment be performed only by individuals with RSO training in
accordance with License Condition 17 A.; (2) ensure that work on or near a nuclear source be
coordinated with the RSO, and that the RSO review the circumstances of the work to be
performed, evaluate any exposure related safety or health concerns and take preventative
measures in accordance with License Condition 25 A.; and (3) prevent fixed nuclear gauge
repairs which result in the potential for a person’s body to contact the primary beam, in
accordance with License Condition 19 A.
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The apparent violations had a common causal factor related to failing to perform an adequate
safety analysis of the planned maintenance work on the fixed gauge. Adherence to the license
conditions and internal company procedures governing the safe use of ionizing radiation
sources would have prevented unnecessary radiation exposure to members of the public. If the
work had been coordinated with the RSO and evaluated as required, a radiation survey could
have immediately identified that the source probe had become unshielded during the
dismantling operation. Instead of allowing the work to continue for approximately seventeen
minutes, a reasonable radiation survey could have significantly reduced personnel’s exposure
time to the source and also reduced the potential for direct contact with the primary beam. If the
LB350 operation and design had been understood, lock engagement could have been
physically verified and the transportation shield could have been used appropriately.
The apparent violations represent a safety deficiency, manifested through the event and
unnecessary radiation exposure to two members of the public. Additionally, the high potential
for two members of the public to exceed the 100 mrem in a year limit, as found in
10 CFR 20.1301(a)(1), was an unacceptable risk that could have led to radiological health
consequences.
7

Corrective Actions
The licensee, P4 Production, LLC, provided a list of corrective actions in its 30 day written report
of the event, dated October 27, 2016 (ML16306A447) and provided clarification of their
corrective actions in correspondence dated February 2, 2017 (ML17037D095).
The licensee has suspended plans for future use of the LB350 fixed gauge, and the licensee is
awaiting a bid from the gauge vendor for removing it from the facility. To ensure that
responsible licensee personnel understand the design and operation of the other 48 fixed
gauges onsite, a radiation survey of each one was performed. The surveys confirmed that
those fixed gauges, which have built in shutters, can all be locked out and tagged out of service.
The licensee plans to update the Ionizing Radiation Safety Procedure Number 334, Revision 6,
to require that for any future new design or style of radiation source holder, the RSO plans to
work closely with the manufacturer to ensure a thorough understanding of the operational safety
instructions for any new fixed gauges.
All the “Caution Radioactive Materials” postings near existing nuclear gauges will be updated to
read “Caution Radioactive Materials, Contact RSO to review job prior to working on or near
source.” Six plant-wide safety meetings were held in December 2016 for all plant employees,
and the agenda included training on basic nuclear safety principles, event causes, and
corrective actions taken in response to the event. Safety bulletins and continuing plant-status
update reports regarding the event were issued to all employees. Licensee management has
held monthly safety meetings since October 2016 to discuss the event investigation and
ongoing corrective action status.
The licensee’s work process includes a Job Safety Analysis (JSA) that is a written analysis that
is required to be completed by crew supervisors overseeing the personnel that will be
performing any work onsite at Monsanto. On the JSA form, Question number 2 asks for a
written description of the type of energy source that will be worked on, and includes a note to
“Contact the RSO for nuclear sources within 3 feet of work area.” The licensee has stated that
contacting the RSO prior to working on or near a nuclear source specifically means coordinating
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and reviewing the job with the RSO prior to the work taking place. This coordination and review
must include the involvement of the RSO in a job review prior to work proceeding.
Recurrent training on the requirements to coordinate work on or around nuclear sources with
the RSO will include ad-hoc crew supervisor coaching, initial, 36-month interval refresher
training, and as-needed interim training to all plant personnel on the JSA process. Initial
radiation safety training for new hires and recurrent training given to all plant personnel every 36
months will include clarification on the requirement to coordinate work with the RSO, as required
by Ionizing Radiation Safety Procedure Number 334. Additionally, site orientation training,
which is required for all persons entering the licensee’s facility, will be updated to include a
written test question that reinforces the requirement that any work conducted on or near a
nuclear radioactive source must be coordinated with the RSO.
8

Exit Meeting Summary
The inspectors presented the inspection results to the licensee’s representatives at the
conclusion of the onsite inspection on October 12, 2016. A final exit briefing was conducted
with the licensee by telephone on February 22, 2017. Information included in this report was
not identified by the licensee as proprietary.
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Detailed Event Timeline for September 27, 2016
This timeline re-creation is based upon interviews and written statements provided by the
contract workers as well as time stamped work documents, pictures and phone calls.
1:01 p.m. - Heavy Equipment Group moves out of the area and the man lift is started up to drive
towards vessel. One contractor remains on the ground to monitor the area and provide
equipment support. The other contractor is in the man lift alone.
• Safety harness is on and barrier tape is in place around the work area.
• The man lift basket is in place and lifted up near vessel side under the gauge flange.
• Begin to unfasten bolts and nuts from the gauge flange.
1:16 p.m. - Gauge is lifted by chain fall and removed from the vessel, it is positioned downwards
and away. The source slides out to the front of the open end of the gauge.
• The contractor’s body is approximately 3 feet away from the source holder with his back
touching the shield/key-lock, the gauge is pointed away from the body.
• Dip tube removal attempt begins.
1:35 p.m. - Contractor notices that there is a metal sleeve hanging out of the gauge 6 inches.
• Contractor swings arm out, a full extension, to use a wrench to push the source holder
back into the gauge two inches, to ensure that it would not fall out, gauge is turned back
away.
• Gauge is turned slightly towards contractor’s body, he reaches hand in front of source
holder to fasten barrier tape to the flange bolt holes in an attempt to secure it from
falling.
1:39 p.m. - Contractor turns the gauge back to the away and down position approximately 3 feet
away from his body - the source holder had been pushed back up into the shielding 2
inches, the source is partially shielded except at the open end primary beam.
• Contractor cannot fix dip tube, cannot remove it, knows that the job to fix dip tube will not
be completed and calls the vessel project electrical engineer to come and help with the
gauge, because he is not sure what the metal cylinder, is hanging out of the open end.
• Contractor lowers the man lift to the vessel platform, engineer took pictures of the gauge
to send to gauge vendor. Electrical engineer and both contractors discussed the
situation, and decide to have the contractors put the gauge back on the vessel.
1:53 - The man lift is in place again near vessel side and gauge flange, and contractors begin to
remount gauge to vessel. With both contractors on the man lift and both contractors
standing behind the shielding and flange with the open end of the gauge pointed away from
them, the second contractor removes the barrier tape knots on the edge of the flange with a
knife, and pulls the tape down and away from the gauge. The first contractor holds a
wrench against the source probe.
• The first contractor holds the gauge in place at an upward angle, such that the metal
cylinder source holder slides back into the shielding. The first contractor’s shoulder and
arm are touching the gauge on the shield portion, while the other contractor puts a few
bolts on to hold it in place. The second contractor’s body is approximately one foot away
from the shield and his arms are touching the flange while finishing bolting, while the
other held the shield for approximately one minute.
• Gauge is remounted with a few loose bolts, the bolts are in and are tightened.
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2:05 p.m. - Gauge is fully bolted and mounted back onto vessel with the source slid back into
the shield, man lift is lowered into place and personnel leave the area.
Later in the afternoon, the licensee calls the gauge vendor and sends them pictures of the metal
cylinder hanging out of the end of the gauge because they were not sure what the metal
cylinder was. The gauge vendor recognizes that it is the source holder and immediately
dispatches a technician to go to the licensee’s facilities in Soda Springs, Idaho. The gauge
vendor and the licensee discuss the requirement to file for reciprocity with the NRC.

2

SUPPLEMENTAL INSPECTION INFORMATION
LIST OF PERSONNEL CONTACTED
Roger Gibson, Plant Manager
David Matyus, Radiation Safety Officer
Jason Cunningham, Engineering Business Unit Leader
Brad Dykstra, Security, Quality, Environmental, Safety, and Health Business Unit Leader
Mark Humble, Engineering Manager
Jeff Smith, Electrical Engineering Project Manager
Bruce Wistisen, Mechanical Engineering Project Manager
Ted Young, Mechanical, and Reliability Engineer
INSPECTION PROCEDURES USED
IP 87103, “Inspection of Materials Licensees Involved in an Incident or Bankruptcy Filing”
IP 87124, “Fixed and Portable Gauge Programs”
ITEMS OPENED, CLOSED, AND DISCUSSED
Opened
030-38291/16001-01

APV

Failure to ensure fixed gauge installation performed
by qualified workers.

030-38291/16001-02

APV

Failure to coordinate work on or near a nuclear
source with the Radiation Safety Officer, to review
the circumstances of the work to be performed,
evaluate any exposure-related safety or health
concern and take preventative measures.
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APV

Failure to prevent repairs that resulted in potential
for the body to contact the primary beam.
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None
Discussed
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NRC
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CFR
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Berthold
JSA
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millirem
Code of Federal Regulations
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Apparent Violation
Berthold Technologies, USA, LLC
Job Safety Analysis
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