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Subpart C—Design and Perform-
ance Requirements for
Irradiators

§ 36.21 Performance criteria for sealed
sources.

(a) Requirements. Sealed sources in-
stalled after July 1, 1993:

(1) Must have a certificate of reg-
istration issued under 10 CFR 32.210;

(2) Must be doubly encapsulated;
(3) Must use radioactive material

that is as nondispersible as practical
and that is as insoluble as practical if
the source is used in a wet-source-stor-
age or wet-source-change irradiator;

(4) Must be encapsulated in a mate-
rial resistant to general corrosion and
to localized corrosion, such as 316L
stainless steel or other material with
equivalent resistance if the sources are
for use in irradiator pools; and

(5) In prototype testing of the sealed
source, must have been leak tested and
found leak-free after each of the tests
described in paragraphs (b) through (g)
of this section.

(b) Temperature. The test source must
be held at ¥40 °C for 20 minutes, 600 °C
for 1 hour, and then be subjected to a
thermal shock test with a temperature
drop from 600 °C to 20 °C within 15 sec-
onds.

(c) Pressure. The test source must be
twice subjected for at least 5 minutes
to an external pressure (absolute) of 2
million newtons per square meter.

(d) Impact. A 2-kilogram steel weight,
2.5 centimeters in diameter, must be
dropped from a height of 1 meter onto
the test source.

(e) Vibration. The test source must be
subjected 3 times for 10 minutes each
to vibrations sweeping from 25 hertz to
500 hertz with a peak amplitude of 5
times the acceleration of gravity. In
addition, each test source must be vi-
brated for 30 minutes at each resonant
frequency found.

(f) Puncture. A 50-gram weight and
pin, 0.3-centimeter pin diameter, must
be dropped from a height of 1 meter
onto the test source.

(g) Bend. If the length of the source is
more than 15 times larger than the
minimum cross-sectional dimension,
the test source must be subjected to a
force of 2000 newtons at its center equi-
distant from two support cylinders, the

distance between which is 10 times the
minimum cross-sectional dimension of
the source.

§ 36.23 Access control.

(a) Each entrance to a radiation
room at a panoramic irradiator must
have a door or other physical barrier to
prevent inadvertent entry of personnel
if the sources are not in the shielded
position. Product conveyor systems
may serve as barriers as long as they
reliably and consistently function as a
barrier. It must not be possible to
move the sources out of their shielded
position if the door or barrier is open.
Opening the door or barrier while the
sources are exposed must cause the
sources to return promptly to their
shielded position. The personnel en-
trance door or barrier must have a lock
that is operated by the same key used
to move the sources. The doors and
barriers must not prevent any indi-
vidual in the radiation room from leav-
ing.

(b) In addition, each entrance to a ra-
diation room at a panoramic irradiator
must have an independent backup ac-
cess control to detect personnel entry
while the sources are exposed. Detec-
tion of entry while the sources are ex-
posed must cause the sources to return
to their fully shielded position and
must also activate a visible and audible
alarm to make the individual entering
the room aware of the hazard. The
alarm must also alert at least one
other individual who is onsite of the
entry. That individual shall be trained
on how to respond to the alarm and
prepared to promptly render or sum-
mon assistance.

(c) A radiation monitor must be pro-
vided to detect the presence of high ra-
diation levels in the radiation room of
a panoramic irradiator before per-
sonnel entry. The monitor must be in-
tegrated with personnel access door
locks to prevent room access when ra-
diation levels are high. Attempted per-
sonnel entry while the monitor meas-
ures high radiation levels, must acti-
vate the alarm described in paragraph
(b) of this section. The monitor may be
located in the entrance (normally re-
ferred to as the maze) but not in the di-
rect radiation beam.
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(d) Before the sources move from
their shielded position in a panoramic
irradiator, the source control must
automatically activate conspicuous
visible and audible alarms to alert peo-
ple in the radiation room that the
sources will be moved from their
shielded position. The alarms must
give individuals enough time to leave
the room before the sources leave the
shielded position.

(e) Each radiation room at a pano-
ramic irradiator must have a clearly
visible and readily accessible control
that would allow an individual in the
room to make the sources return to
their fully shielded position.

(f) Each radiation room of a pano-
ramic irradiator must contain a con-
trol that prevents the sources from
moving from the shielded position un-
less the control has been activated and
the door or barrier to the radiation
room has been closed within a preset
time after activation of the control.

(g) Each entrance to the radiation
room of a panoramic irradiator and
each entrance to the area within the
personnel access barrier of an under-
water irradiator must be posted as re-
quired by 10 CFR 20.1902. Radiation
postings for panoramic irradiators
must comply with the posting require-
ments of 10 CFR 20.1902, except that
signs may be removed, covered, or oth-
erwise made inoperative when the
sources are fully shielded.

(h) If the radiation room of a pano-
ramic irradiator has roof plugs or other
movable shielding, it must not be pos-
sible to operate the irradiator unless
the shielding is in its proper location.
This requirement may be met by inter-
locks that prevent operation if shield-
ing is not placed properly or by an op-
erating procedure requiring inspection
of shielding before operating.

(i) Underwater irradiators must have
a personnel access barrier around the
pool which must be locked to prevent
access when the irradiator is not at-
tended. Only operators and facility
management may have access to keys
to the personnel access barrier. There
must be an intrusion alarm to detect
unauthorized entry when the personnel
access barrier is locked. Activation of
the intrusion alarm must alert an indi-
vidual (not necessarily onsite) who is

prepared to respond or summon assist-
ance.

[58 FR 7728, Feb. 9, 1993, as amended at 63 FR
39483, July 23, 1998]

§ 36.25 Shielding.
(a) The radiation dose rate in areas

that are normally occupied during op-
eration of a panoramic irradiator may
not exceed 0.02 millisievert (2
millirems) per hour at any location 30
centimeters or more from the wall of
the room when the sources are exposed.
The dose rate must be averaged over an
area not to exceed 100 square centi-
meters having no linear dimension
greater than 20 cm. Areas where the ra-
diation dose rate exceeds 0.02
millisievert (2 millirems) per hour
must be locked, roped off, or posted.

(b) The radiation dose at 30 centi-
meters over the edge of the pool of a
pool irradiator may not exceed 0.02
millisievert (2 millirems) per hour
when the sources are in the fully
shielded position.

(c) The radiation dose rate at 1 meter
from the shield of a dry-source-storage
panoramic irradiator when the source
is shielded may not exceed 0.02
millisievert (2 millirems) per hour and
at 5 centimeters from the shield may
not exceed 0.2 millisievert (20
millirems) per hour.

§ 36.27 Fire protection.
(a) The radiation room at a pano-

ramic irradiator must have heat and
smoke detectors. The detectors must
activate an audible alarm. The alarm
must be capable of alerting a person
who is prepared to summon assistance
promptly. The sources must automati-
cally become fully shielded if a fire is
detected.

(b) The radiation room at a pano-
ramic irradiator must be equipped with
a fire extinguishing system capable of
extinguishing a fire without the entry
of personnel into the room. The system
for the radiation room must have a
shut-off valve to control flooding into
unrestricted areas.

§ 36.29 Radiation monitors.
(a) Irradiators with automatic prod-

uct conveyor systems must have a ra-
diation monitor with an audible alarm
located to detect loose radioactive
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sources that are carried toward the
product exit. If the monitor detects a
source, an alarm must sound and prod-
uct conveyors must stop automati-
cally. The alarm must be capable of
alerting an individual in the facility
who is prepared to summon assistance.
Underwater irradiators in which the
product moves within an enclosed sta-
tionary tube are exempt from the re-
quirements of this paragraph.

(b) Underwater irradiators that are
not in a shielded radiation room must
have a radiation monitor over the pool
to detect abnormal radiation levels.
The monitor must have an audible
alarm and a visible indicator at en-
trances to the personnel access barrier
around the pool. The audible alarm
may have a manual shut-off. The alarm
must be capable of alerting an indi-
vidual who is prepared to respond
promptly.

§ 36.31 Control of source movement.
(a) The mechanism that moves the

sources of a panoramic irradiator must
require a key to actuate. Actuation of
the mechanism must cause an audible
signal to indicate that the sources are
leaving the shielded position. Only one
key may be in use at any time, and
only operators or facility management
may possess it. The key must be at-
tached to a portable radiation survey
meter by a chain or cable. The lock for
source control must be designed so
that the key may not be removed if the
sources are in an unshielded position.
The door to the radiation room must
require the same key.

(b) The console of a panoramic
irradiator must have a source position
indicator that indicates when the
sources are in the fully shielded posi-
tion, when they are in transit, and
when the sources are exposed.

(c) The control console of a pano-
ramic irradiator must have a control
that promptly returns the sources to
the shielded position.

(d) Each control for a panoramic
irradiator must be clearly marked as
to its function.

§ 36.33 Irradiator pools.
(a) For licenses initially issued after

July 1, 1993, irradiator pools must ei-
ther:

(1) Have a water-tight stainless steel
liner or a liner metallurgically com-
patible with other components in the
pool; or

(2) Be constructed so that there is a
low likelihood of substantial leakage
and have a surface designed to facili-
tate decontamination. In either case,
the licensee shall have a method to
safely store the sources during repairs
of the pool.

(b) For licenses initially issued after
July 1, 1993, irradiator pools must have
no outlets more than 0.5 meter below
the normal low water level that could
allow water to drain out of the pool.
Pipes that have intakes more than 0.5
meter below the normal low water
level and that could act as siphons
must have siphon breakers to prevent
the siphoning of pool water.

(c) A means must be provided to re-
plenish water losses from the pool.

(d) A visible indicator must be pro-
vided in a clearly visible location to in-
dicate if the pool water level is below
the normal low water level or above
the normal high water level.

(e) Irradiator pools must be equipped
with a purification system designed to
be capable of maintaining the water
during normal operation at a conduc-
tivity of 20 microsiemens per centi-
meter or less and with a clarity so that
the sources can be seen clearly.

(f) A physical barrier, such as a rail-
ing or cover, must be used around or
over irradiator pools during normal op-
eration to prevent personnel from acci-
dentally falling into the pool. The bar-
rier may be removed during mainte-
nance, inspection, and service oper-
ations.

(g) If long-handled tools or poles are
used in irradiator pools, the radiation
dose rate on the handling areas of the
tools may not exceed 0.02 millisievert
(2 millirems) per hour.

§ 36.35 Source rack protection.

If the product to be irradiated moves
on a product conveyor system, the
source rack and the mechanism that
moves the rack must be protected by a
barrier or guides to prevent products
and product carriers from hitting or
touching the rack or mechanism.
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§ 36.37 Power failures.

(a) If electrical power at a panoramic
irradiator is lost for longer than 10 sec-
onds, the sources must automatically
return to the shielded position.

(b) The lock on the door of the radi-
ation room of a panoramic irradiator
may not be deactivated by a power fail-
ure.

(c) During a power failure, the area of
any irradiator where sources are lo-
cated may be entered only when using
an operable and calibrated radiation
survey meter.

§ 36.39 Design requirements.

Irradiators whose construction be-
gins after July 1, 1993, must meet the
design requirements of this section.

(a) Shielding. For panoramic
irradiators, the licensee shall design
shielding walls to meet generally ac-
cepted building code requirements for
reinforced concrete and design the
walls, wall penetrations, and
entranceways to meet the radiation
shielding requirements of § 36.25. If the
irradiator will use more than 2 × 1017

becquerels (5 million curies) of activ-
ity, the licensee shall evaluate the ef-
fects of heating of the shielding walls
by the irradiator sources.

(b) Foundations. For panoramic
irradiators, the licensee shall design
the foundation, with consideration
given to soil characteristics, to ensure
it is adequate to support the weight of
the facility shield walls.

(c) Pool integrity. For pool irradiators,
the licensee shall design the pool to as-
sure that it is leak resistant, that it is
strong enough to bear the weight of the
pool water and shipping casks, that a
dropped cask would not fall on sealed
sources, that all outlets or pipes meet
the requirements of § 36.33(b), and that
metal components are metallurgically
compatible with other components in
the pool.

(d) Water handling system. For pool
irradiators, the licensee shall verify
that the design of the water purifi-
cation system is adequate to meet the
requirements of § 36.33(e). The system
must be designed so that water leaking
from the system does not drain to un-
restricted areas without being mon-
itored.

(e) Radiation monitors. For all
irradiators, the licensee shall evaluate
the location and sensitivity of the
monitor to detect sources carried by
the product conveyor system as re-
quired by § 36.29(a). The licensee shall
verify that the product conveyor is de-
signed to stop before a source on the
product conveyor would cause a radi-
ation overexposure to any person. For
pool irradiators, if the licensee uses ra-
diation monitors to detect contamina-
tion under § 36.59(b), the licensee shall
verify that the design of radiation
monitoring systems to detect pool con-
tamination includes sensitive detectors
located close to where contamination
is likely to concentrate.

(f) Source rack. For pool irradiators,
the licensee shall verify that there are
no crevices on the source or between
the source and source holder that
would promote corrosion on a critical
area of the source. For panoramic
irradiators, the licensee shall deter-
mine that source rack drops due to loss
of power will not damage the source
rack and that source rack drops due to
failure of cables (or alternate means of
support) will not cause loss of integrity
of sealed sources. For panoramic
irradiators, the licensee shall review
the design of the mechanism that
moves the sources to assure that the
likelihood of a stuck source is low and
that, if the rack sticks, a means exists
to free it with minimal risk to per-
sonnel.

(g) Access control. For panoramic
irradiators, the licensee shall verify
from the design and logic diagram that
the access control system will meet the
requirements of § 36.23.

(h) Fire protection. For panoramic
irradiators, the licensee shall verify
that the number, location, and spacing
of the smoke and heat detectors are ap-
propriate to detect fires and that the
detectors are protected from mechan-
ical and radiation damage. The li-
censee shall verify that the design of
the fire extinguishing system provides
the necessary discharge patterns, den-
sities, and flow characteristics for
complete coverage of the radiation
room and that the system is protected
from mechanical and radiation dam-
age.
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(i) Source return. For panoramic
irradiators, the licensee shall verify
that the source rack will automati-
cally return to the fully shielded posi-
tion if offsite power is lost for more
than 10 seconds.

(j) Seismic. For panoramic irradiators
to be built in seismic areas, the li-
censee shall design the reinforced con-
crete radiation shields to retain their
integrity in the event of an earthquake
by designing to the seismic require-
ments of an appropriate source such as
American Concrete Institute Standard
ACI 318–89, ‘‘Building Code Require-
ments for Reinforced Concrete,’’ Chap-
ter 21, ‘‘Special Provisions for Seismic
Design,’’ or local building codes, if cur-
rent.

(k) Wiring. For panoramic
irradiators, the licensee shall verify
that electrical wiring and electrical
equipment in the radiation room are
selected to minimize failures due to
prolonged exposure to radiation.

§ 36.41 Construction monitoring and
acceptance testing.

The requirements of this section
must be met for irradiators whose con-
struction begins after July 1, 1993. The
requirements must be met prior to
loading sources.

(a) Shielding. For panoramic
irradiators, the licensee shall monitor
the construction of the shielding to
verify that its construction meets de-
sign specifications and generally ac-
cepted building code requirements for
reinforced concrete.

(b) Foundations. For panoramic
irradiators, the licensee shall monitor
the construction of the foundations to
verify that their construction meets
design specifications.

(c) Pool integrity. For pool irradiators,
the licensee shall verify that the pool
meets design specifications and shall
test the integrity of the pool. The li-
censee shall verify that outlets and
pipes meet the requirements of
§ 36.33(b).

(d) Water handling system. For pool
irradiators, the licensee shall verify
that the water purification system, the
conductivity meter, and the water
level indicators operate properly.

(e) Radiation monitors. For all
irradiators, the licensee shall verify

the proper operation of the monitor to
detect sources carried on the product
conveyor system and the related
alarms and interlocks required by
§ 36.29(a). For pool irradiators, the li-
censee shall verify the proper operation
of the radiation monitors and the re-
lated alarm if used to meet § 36.59(b).
For underwater irradiators, the li-
censee shall verify the proper operation
of the over-the-pool monitor, alarms,
and interlocks required by § 36.29(b).

(f) Source rack. For panoramic
irradiators, the licensee shall test the
movement of the source racks for prop-
er operation prior to source loading;
testing must include source rack low-
ering due to simulated loss of power.
For all irradiators with product con-
veyor systems, the licensee shall ob-
serve and test the operation of the con-
veyor system to assure that the re-
quirements in § 36.35 are met for protec-
tion of the source rack and the mecha-
nism that moves the rack; testing
must include tests of any limit switch-
es and interlocks used to protect the
source rack and mechanism that moves
the rack from moving product carriers.

(g) Access control. For panoramic
irradiators, the licensee shall test the
completed access control system to as-
sure that it functions as designed and
that all alarms, controls, and inter-
locks work properly.

(h) Fire protection. For panoramic
irradiators, the licensee shall test the
ability of the heat and smoke detectors
to detect a fire, to activate alarms, and
to cause the source rack to automati-
cally become fully shielded. The li-
censee shall test the operability of the
fire extinguishing system.

(i) Source return. For panoramic
irradiators, the licensee shall dem-
onstrate that the source racks can be
returned to their fully shielded posi-
tions without offsite power.

(j) Computer systems. For panoramic
irradiators that use a computer system
to control the access control system,
the licensee shall verify that the access
control system will operate properly if
offsite power is lost and shall verify
that the computer has security fea-
tures that prevent an irradiator oper-
ator from commanding the computer
to override the access control system
when it is required to be operable.
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(k) Wiring. For panoramic
irradiators, the licensee shall verify
that the electrical wiring and elec-
trical equipment that were installed
meet the design specifications.

Subpart D—Operation of
Irradiators

§ 36.51 Training.

(a) Before an individual is permitted
to operate an irradiator without a su-
pervisor present, the individual must
be instructed in:

(1) The fundamentals of radiation
protection applied to irradiators (in-
cluding the differences between exter-
nal radiation and radioactive contami-
nation, units of radiation dose, NRC
dose limits, why large radiation doses
must be avoided, how shielding and ac-
cess controls prevent large doses, how
an irradiator is designed to prevent
contamination, the proper use of sur-
vey meters and personnel dosimeters,
other radiation safety features of an
irradiator, and the basic function of
the irradiator);

(2) The requirements of parts 19 and
36 of NRC regulations that are relevant
to the irradiator;

(3) The operation of the irradiator;
(4) Those operating and emergency

procedures listed in § 36.53 that the in-
dividual is responsible for performing;
and

(5) Case histories of accidents or
problems involving irradiators.

(b) Before an individual is permitted
to operate an irradiator without a su-
pervisor present, the individual shall
pass a written test on the instruction
received consisting primarily of ques-
tions based on the licensee’s operating
and emergency procedures that the in-
dividual is responsible for performing
and other operations necessary to safe-
ly operate the irradiator without su-
pervision.

(c) Before an individual is permitted
to operate an irradiator without a su-
pervisor present, the individual must
have received on-the-job training or
simulator training in the use of the
irradiator as described in the license
application. The individual shall also
demonstrate the ability to perform
those portions of the operating and

emergency procedures that he or she is
to perform.

(d) The licensee shall conduct safety
reviews for irradiator operators at
least annually. The licensee shall give
each operator a brief written test on
the information. Each safety review
must include, to the extent appro-
priate, each of the following—

(1) Changes in operating and emer-
gency procedures since the last review,
if any;

(2) Changes in regulations and license
conditions since the last review, if any;

(3) Reports on recent accidents, mis-
takes, or problems that have occurred
at irradiators, if any;

(4) Relevant results of inspections of
operator safety performance;

(5) Relevant results of the facility’s
inspection and maintenance checks;
and

(6) A drill to practice an emergency
or abnormal event procedure.

(e) The licensee shall evaluate the
safety performance of each irradiator
operator at least annually to ensure
that regulations, license conditions,
and operating and emergency proce-
dures are followed. The licensee shall
discuss the results of the evaluation
with the operator and shall instruct
the operator on how to correct any
mistakes or deficiencies observed.

(f) Individuals who will be permitted
unescorted access to the radiation
room of the irradiator or the area
around the pool of an underwater
irradiator, but who have not received
the training required for operators and
the radiation safety officer, shall be in-
structed and tested in any precautions
they should take to avoid radiation ex-
posure, any procedures or parts of pro-
cedures listed in § 36.53 that they are
expected to perform or comply with,
and their proper response to alarms re-
quired in this part. Tests may be oral.

(g) Individuals who must be prepared
to respond to alarms required by
§§ 36.23(b), 36.23(i), 36.27(a), 36.29(a),
36.29(b), and 36.59(b) shall be trained
and tested on how to respond. Each in-
dividual shall be retested at least once
a year. Tests may be oral.
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