(17) RECORDS OF BRACHYTHERAPY SOURCE INVENTORY. (a) A licensee shall
maintain a record of brachytherapy source accountability required by s. HFS 157.65 (3) for 3 years.

(b) For temporary implant's, the récord ‘shall include all of the following: B
. H -

1. The number and activity of sources removed from storage the time-and date they were
removed from storage, the name of the person who removed them from storage and the location of

use. !

2. The number and activity of sources returned to storage, the time and date they were
returned to storage and the name of the person who returned them from storage. -

(c) For permanent implants, the record shall include én of the foliowiﬁg:

1. The number and activity of sources removed from storage, the date they were removed
from storage and the name of the person who removed them from storage.

2. The number and activity of sources returned to storage, the date théy were returned to
storage and the name of the person who returned therh to storage.

3. The number and activity of sources permanently implanted in the patlent or human
research subject ) ) o .

(18) RECORDS OF CALIBRATIONS ON BRACHYTHERAPY SOURCES: A hcensee shall
maintain a record of the calibrations on brachytherapy sources required by s. HFS 157.65 (6) for 3
years after the last use of the source. The record shall include the date of the calibration, the
manufacturer's name, model number and serial number for the source and instruments used to
calibrate the source, the source output or activity, source positioning accuracy within applicators
and the srgnature of the authorized medical physrcust ! . .

(19) RECORDS OF INSTALLATION, MAINTENANCE ADJUSTMENT AND REPAIR A
licensee shall retain a record of the mstallatron maintenance, adjustment and repair,of remote
afterloader units, teletherapy units and gamma stereotactic units as required by s. HFS 157.67 (3)
for 3 years. For each installation, maintenance, adjustment and repair, the record shall include the
date, description of the service and names of the persons who performed the work.

(20) RECORDS OF DOSIMETRY EQUIPMENT. (a) A licensee’ shall retain a record of the.
calibration, intercomparison and comparisons of its dosimetry equipment done under s. HFS -
157.67 (6) for the duratlon of the license.

PR - P L
p . =

(b) For each cahbratron mtercomparlson or companson the record shall include all of
the following:

1. The date. o - .

2. The model numbers and serial numbers of the instruments that were calibrated, ‘
mtercompared or compared

3. The correction factor that was determined from the calibration or comparlson or the
apparent correction factor that was determined from an intercomparison.
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4. The names of the persons who performed the calibration, intercomparison or
comparison. ‘ .

f -

(21) RECORDS OF TELETHERAPY, REMOTE AFTERLOADER AND GAMMA
STEREOTACTIC RADIOSURGERY FULL CALIBRATIONS. (a) A licensee shall maintain a record
of the teletherapy, remote afterloader and gamma stereotactic radiosurgery full calibrations
required by s. HFS 157.67 (7) to (9) for 3 years. . .

(b) The record required under par. (a) shall include all of the following:

1. The date of the calibration.

2. The manufacturer's name, model number and serial number for the teletherapy, remote
afterloader and gamma stereotactic radiosurgery unit, source and instruments used to calibrate the
unit. ‘ . P
3. The results and an assessment of the full calibrations.

4. The results of the augoradiqgraph required for low dose-rate remote afterloader units.
5. The signature of the aljtho’ri%ed medical physicist who perfolrmed the full calibration.
(22) RECORDS OF PERIODIC SPOT-CHECKS FOR TELETHERAPY UNITS. (a) A
licensee shall retain a record of each periodic spot-check for teletherapy units required by s. HFS
157.67 (10) for3y_ears; Ly

(b) The record reduiréd under paf‘l’(a) shall include all of the following:

. "

1. The date of the sbo};’cﬁ?bk. .

2. The manufacturer's name, model number and seriz;l n'umber for the teletherapy unit,
source and instrument used to measure the output of the teletherapy unit.

- 3. An assessment of timer linearity and constancy.
4. The calculated on-off error.

9. A determination of the coincidence of the radiation field and the field indicated by the
light beam lacalizing device: h

1o

6. The degermined.accurapy of each distance measuring and localization device.
4 - AT - ' * o
7. The difference between the anticipated output and the measured output.
8. Notations indicating the operability of each entrance door electrical interlock, each
electrical or mechanical stop, each source exposure indicator light and the viewing and intercom
system and doors. )

9. The name of the person who performed the periodic spot-check and the signatufe of the
authorized medical physicist who reviewed the record of the spot-check.
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(23) RECORDS OF PERIODIC SPOT-CHECKS FOR REMOTE AFTERLOADER UNITS.
(a) A licensee shall retain a record of each spot-check for remote afterloader units’required by s.
HFS 157.67 (11) for 3 years.

(b) The record required under par. (a) shall include all of the following, as applicable:
1. The date of the spot-check.

2. The manufacturer's name model number and serial number for the remote afterloader
unit and source. .

3. An assessment of timer accuracy.

4. Notations indicating the operabllity of each entrance door electrical interlock, radiation
monitors, source exposure indicator lights, viewing and intercom systems and clock and decayed
source actlwty in the unit’s computer

5 The name of the person who performed the periodic spot-check and the S|gnature of the
authorized medical physicist who reviewed the record of the spot-check

1 .t

(24) RECORDS OF PERIODIC SPOT-CHECKS FOR GAMMA STEREOTACTIC
RADIOSURGERY UNITS. (a) A licensee shall retain a record of each spot-check for gamma
stereotactic radiosurgery units required by s. HFS 157.67 (12) for 3 years.

(b) The record required under par. (a) shall mclude all of the Tollowing:
1. The date of the spot-check.

2. The manufacturer's name, model number and serial number for the gamma stereotactic
radiosurgery unit and the instrument used to measure the output of the unit.

3. An assessment of timer linearity and accuracy.
4, The calcutated on-off error.

5. A determination of trunnion centricity.

6, The difference betvsreen the anticipated output and the measured output.
7. An assessment of source output against computer calculations.

- . -

8. Notations indicating the operability of radiation monitors, helmet microswitches,
emergency timing circuits, emergency off buttons, electrical interlocks, source exposure indicator
lights, viewing and intercom systems, timer termination, treatment table retraction mechanism and
stereotactic frames and localizing devuces v .

9. The name of the person who performed the penodrc spot-check and the s:gnature of the
authorized medical physicist who reviewed the record of the spot-check.

(25) RECORDS OF ADDITIONAL TECHNICAL REQUIREMENTS FOR MOBILE REMOTE
AFTERLOADER UNITS. (a) A licensee shall retain a record of each check for moblle remote
afterloader units required by s. HFS 157.67 (13) for 3 years."
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(b) The record required under par. (a) shall iﬁclude all the following:

N

1. The date of the check.

2. The manufacturer's name, model number and serial number of the remote afterloader
unit.

3. Notations accounting for all sources before the licensee departs from a facility.

4. Notations ihdiééting the operability of each entrance door electrical interlock, radiation
monitors, source exposure indicator lights, viewing and intercom system, applicators and source
transfer tubes and source positioning accuracy.

5. The siglnatyre of the person who performed the check.

(26)'REC‘ORDS OF SURVEYS OF THERAPEUTIC TREATMENT UNITS. (a) Alicensee
shall maintain a record of radiation surveys of treatment units made under s. HFS 157.67 (14) for
the duration of use of the unit. . .

(b) The record required under par. (a) shall include all the following:

1. The date of the meastrements.

2. The manufacturer's name, model number and serial number of the treatment unit, source
and instrument used to measure radiation levels. :

3. Each dose rate measured around the source while the unit is in the off position and the
average of all measurements.

4. The signaflire of the [Sers'or] who performed the test.

(27) RECORDS OF 5-YEAR INSPECTION FOR TELETHERAPY AND GAMMA
STEREOTACTIC RADIOSURGERY UNITS. (a) A licensee shall maintain a record of the 5-year
inspections for teletherapy and gamma stereotactic radiosurgery units required by s. HFS 157.67
(15) for the duration of use of the unit.

(b) The record required under par. (a) shall contain all the following:

. 1 Tlliv‘e inspector's fadidactive materials license number.

2. The date of insp.ectién.'

. 3. The manufacturer's name and model number and serial number of both the treatment unit
and source.

4. Alist of components inspected and serviced, and the type‘of service.

5. The sfé:;néture of the inspector.

~(28) RECORDS OF DECAY OF STRONTIUM-90 SOURCES FOR OPHTHALMIC
TREATMENTS. (a) A licensee shall maintain a record of the activity of a strontium-90 source ' |
required by s. HFS 157.65 (6) for the life of the source. s
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(b) The record required under par, (a) shall include both of the fdllbwing: ‘
1. The initial activity of the source and date.

2. For each decay calculation, the date and the source activity as détermined urider s. HFS
157.65 (6). l

HFS 157.72 Reports. (1) REPORTS OF MEDICAL EVENTS. (a) A licensee shall report to
the department any event, except for events that result from intervention by a patient or human
research subject, in which the administration of radioactive material or resulting radiation results in
any of the following: L ‘

1. A dose that differs from the prescribed dose by more than 0.05 Sv ~(5 }e}ﬁ) effective dose
equivalent, 0.5 Sv (50 rem) to an organ or tissue or 0.5 Sv (50 rem) shallow dose equivalent to the
skin and to which any of the following apply: ‘ o ! S

a. The total dose delivered differs from the prescribed dose by 20 pércent or more.

b. The total dosage delivered differs from the prescribed dosage by 20 percent or more or
falls outside the prescribed dosage range. K o "

_ ¢. The fractionated dose delivered differs from the prescribed ddse, for a sihgle fraction, by _
50 percent or more. g v ' ‘

- 2. A dose that exceeds 0.05 Sv (5 rem) effective dose equivalent, 0.5 Sv (50 rem) to an
organ or tissue or 0.5 Sv (50 rem) shallow dose equivalent to the skin from any of the following: .

" a. An administration of a wrong pharmaceutical.” . ) .
b. An administration of a radioactive drug containing radioactive material By the wrong route |
of administration. , o T .
. C , . tes d e
c. An administration of a dose or dosage to the wrong patient or)hqrpanlrfes;éérch shp]ect.

d. An administration of a dose delivered by the wrong mode of treatment. =~ e
e,.A leaking sealed source.

3.’A dose to an organ outside the.intended treatmerit volume that exceeds the expected
dose to that organ by 0.5 Sv (50 fem) where the excess dose is greater than 50 percent of the™ '
expected dose to that organ, excluding, for permanent implants, seeds that were implanted in the
correct site but migrated outside the treatment site.

,
; . P ~ .,
I AN { A ’ .

(b) Alicensee shall report to the department any event resulting from intervention of a
patient or human research subject in which the administration of radibactive material or radiation
therefrom results or will result in an unintended permanent functional damage to an organ or a
physiological system, as determined by a physipian.' L SO

" (c) Alicensee shall notify the department by telephoné no later than the next calendar ddy -
after discovery of the medical event. e L : : j
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(d) 1. Alicensee shall submit a written report to the department within 15 working days after
discovery of the medical event.

2. The written report required in subd. 1. shall include all the following:

a. The licensee's name.

b. The name of the prescribing physician.

c. A brief qéééription of ihe event. -

d. Why the event occurred.

e. Any effect on the person who received the administration.

f. Any actions that Havélb'eéqn taken or are planned to pfévent recurrence.

g. Whether the licensee notified the person or the person’s responsible relative or guardian
and if not, why not.

h. If there was nétification, what information was provided. -

3. The report required in subd. 1. may not contain the affected individual’s name or any
other information that could lead to identification of the person. :

(e) A licensee shall notify the referring physician of the event and also notify the person who
is the subject of the medical event no later than 24 hours after its discovery unless the referring .
physician personally informs the licensee either that the physician will inform the person or that,
based on medical judgement, telling the person would be harmful: A licensee is not required to
notify the person without first consulting the referring physician. If the referring physician or the
affected person cannot be reached within 24 hours, a licensee shall notify the person as soon as
possible thereafter. A licensee may not delay any appropriate medical care for the person, '
including any necessary remedial care resulting from the medical event, because of any delay in
notification. To meet the requirements of this paragraph, the notification of the person who is the
subject of the medical event may be made instead to that person’s responsible relative or
guardian. If a verbal notification is made, a licensee shall inform the person or appropriate
responsible relative or guardian that a written description of the event may be obtained from the
licensee.upop request. A licensee shall provide the written description if requested.

(f) If the person who is the subject of the medical event was. notified under par. (d), a
licensee shall also furnish within 30.days after discovery of the medical'event a written report to the
person by sending 'eithe}r of the following: v

1. A copy of the report that was submitted to the department.

s

2. A brief description of both the event and the consequences as they may affect the
person. : . Co

o

(9) Aside from the notification requirement, nothin‘g' in ihis subsection affects any rights or
duties of a licensee or physician in relation to each other, to any person affected by the medical

event or to any individual's responsible relatives or guardians. :

1
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(h) A licensee shall retain a record of a medical event under S. HFS 157.71 (4). A copy of
the record required under s. HFS 157 71 (4) shall be provided to the refemng physrcran if other
than the licensee. é . L

(2) REPORT OF A DOSE TO AN EMBRYO OR FETUS OR A NURSING CHILD. (a) A
licensee shall report to the department any dose to an embryo or fetus that is greater than 50 mSv
(5 rem) dose equivalent that is a result of an administration of radloactlve material or radiation from
radioactive material to a pregnant individual unless the dose to the embryo or fetus was specrf ically
approved, in advance, by the authorized user.

(b) A licensee shall report to the department any dose toa nursrng child that is a result of
an administration of radioactive material to a breast- -feeding individual that meets either of the
following criteria: . ..

1

1. Greater than 50 mSv (5 rem) total effective dose equivalent.

-~ _"IW

2. Resulted in unintended permanent functional damage to an organ or a physrologlcal
system, as determlned by a physician. . . .

- 3 . Ty

(©A lrcensee shall notify the department by telephone within' 5 days ‘after drscovery of a a
dose to the embryo or fetus or nursmg child that requrres areport in par. (a) or (b)

(d) 1. A licensee shall submit a written report {o the department | no later than 30'days after” )
discovery of a dose to the embryo or fetus or nursing child that requires a report in par (a) or (b).
The written report shall include all the followrng information: y

a. The licensee's name. L C e

b. The name of the prescribing physician.

c. A brief description of the event.

Ve

d. Why the event occurred.
e. The effect on the embryo or fetus or the nursing child.
f. Any actions that have been taken or are planned to prevent recurrence

2 The report required under par. (a) may not contain the rndrvrdual s name or any other
rnformatron that could lead to rdentrf catton of the rndrvrdual R . i o Cap

(e) A lrcensee shall notify the referrlng physrcran and also notify the pregnant person or
mother, both hereafter referred to as the mother, within 5 working days of discovery of an event
that would require reporting under par. (a) or (b) unless the referring physician personally informs
the licensee either that the physician will inform the mother or that, based on medical judgement,
telling the mother would be harmful.

N ~ s

At

) To meet the requirements of this subsection, the notification by the licensee may be N
made to the mother’s or child’s responsible relative or guardian instead of the mother—when
appre;mate— if the mother cannot be Iocated or rs unavallable
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(9) Alicensee is not required to notify the mother without first consulting with the referring
physician.” If the refer(ring physician or mother cannot be reached within 5 days; a licensee shall
make the appropriate notifications as soon as possible thereafter. A licensee may not delay any..
appropriate medical care for the embryo or fetus or for the nursing child, including any necessary
remedial care resulting from the event, because of any delay in notification.

(h) If nétjﬁcaiipn was made under pars. (e) or (f), a liceh'see shall also furnish, within 30 \

days after discovery of the event, a written report to the mother or responsible relative or guardian -
by sending either of the following: . .

1. A copy of the report that was submitted to the department. .

2. A brief déscribtién of both the ‘éverit and the co\n’sequénces as they may affect the -
embryo or fetus or nursing child.

(i) A licensee shall retain a record of a dose to an embryo or fetus or a nursing child under
s.HFS 157.71 (5). | ) . —

’

(3) REPORTS OF LEAKING SOURCES. A licensee shall submit a written report to the
department within 5 working days if a leakage test required by s. HFS 157.62 (5) reveals the
presence of 185 Bq ( 0.005 uCi) or more of removable contamination. - The written report shall
include the model number and serial number, if assigned, of the leaking source, the radionuclide
and its estimated activity, the results of the test, the date of the test and the action taken.

> . M ’
Subchapter VIl — Radiation Safety Requirements for Irradiators

HFS 157.73 Radiation safety requirements. (1) PERFORMANCE CRITERIA FOR
SEALED SOURCES. (a) A sealed source installed i i
i i i in an irradiator shall meet all of the following requirements:

1. Be evaluated and receive a certificate of reqistrat'ic,)r-l uﬁder 10 CFR 32.210 or the
equivalent agreement state regulation.

2. Be doubly encapsulated.

3. Use radioactive material that is as nondispersible and insoluble as practical if the source
Is used.in a wet-source-storage or wet-source-change irradiator.

4. Be encapsulated in a material 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. . , . . ~

5.In "protot'ype teétir’]g”\o"f the sealed source, be leak tested and‘fbund leak-free after each of
the tests in par. (b). . E . -

(b) A sealed source used in an irradiator shall be subjected to all of the following tests prior
to use: : e

e r T ~
far ‘. s
PR

1. ‘Térﬁpérafdrei”Tﬁe tést source shall bneuhé!d at -40°C for 20 minutes, 600°C for one hour, -
and then be immediately subjected to thermal shock test with a temperature drop from 600°C to
20°C within 15 seconds.
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2. ‘Pressure.’ The test source shall be twice subjected for at least 5 minhtes to an ébs;ﬁlute
external pressure of 2 million newtons per square meter. '

3. 'Impact.’ A 2 kilogram steel weight, 2.5 céntimeters in diameter, shall be dropped from a
height of one meter on to the test source. -+ -+ o l‘t L LT

4. 'Vibration.’ The test source shall be subjected 3 times for 10 minutes each to vibrations
sweeping from 25 hertz to 500 hertz with a peak amplitude of’5\tirhes the acceleration of gravity.
In addition, each test source shall be vibrated for 30 minutes at each resonant frequency found. .

_ 5. 'Puncture.” A 50 gram weight and pin, 0.3 cent‘imeter~ pi‘h' diarh::‘ier, shall 'b’e diopp'e‘d from
a height of one meter on to the test source.” =~ =~ ! ) o

6. ‘Bend.’ If the length of the source is more than'15 times larger. than the minimum cross-,
sectional dimension, the test source shall be subjected to a force of 2000 newj@ns atits center,
equidistant from 2 support cylinders, the distance between which is 10 t§fne§ the minimum cross- .
sectional dimension of the source. e A

.-(2) ACCESS CONTROL. (a) Each entranceto a radiatién room at a panoramic irradiator .
shall have a door.or other.physical barrier to prevent inadvertent»eﬁti:y of personnel when the '
sources are not in the shielded position. - Product convéyor systems may serve as barriérs as long -
as they reliably and consistently function as a barrier. "It must-not-bé pessible shall be impossible
to move the sources out of their shielded position if the door or barrier is qﬁ‘én. Opening the door -
or barrier while the sources are exposed shall cause the sources to return promptly to the shielded
position. The personnel entrance door or barrier shall have a lock that is operated by the same-
key used to move the sources. The control panel lock shall be designed so that the key cannot be
removed unless the sources have been returried to the shiélded position: The doors and barriers |

shall may not prevent any person in the radiation room'from l(_egvjng.f-

{b) Each entrance to a radiation room at a panoramic irradiator shall have an independent -
backup access control to detect personnel entry while the sources are exposed.* Detection of entry
while the sources are exposed shall cause the sources to return to their fully shielded position and
shall activate a visible and audible alarm to make the person entering the room aware of the PO
hazard. The alarm shallalso alert at least one’other person who is on-site of the entry. ‘The =~ '
person alerted shall be trained on how to respond to the alarm and prepared to promptly render or
summon assistance. - - . Lo T TR e [T

~

. 1o e s,
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(c) A radiation monitor,shall be provided to detett the presence of high radiation lévels in
the radiation room of a panoramic irradiator before personnel entry. The monitor shallbe .
integrated with personnel access door locks to prevent room access when radiation levels are
high. Attempted personnel entry while the monitor measures high radiation levels shall activate the
alarm described in par. (b). The monitor may be located in th’e"griti'énbé, normally referred to as

the maze, but not in the direct radiation beam.. . - -
. T vage T P 7 Xem g . b v <
(d) Before the sources move from their shielded position in a panoramic iradiator, the |
source control shall automatically activate conspicuous visible and audible alarms to alert people in_
the radiation room that the sources will be moved from their shielded position." The alarms shall
give persons enough time to leave the room before thg sources leave the shielded gposi,tion. .
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(e) Each radiation room of a panoramic irradiator shall have a clearly visible and readily
accessible control that allows a person in the room to make the sources return to their fully

shielded position. " - | - »

. (f) Each radiation room of a panoramic irradiator shall contain a control that prevents the
sources from moving from the 'shielded position unless 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.

L

E)

- " (g) Each entrance to the ragiétién room of a panoramic irradiator and each entrance to the
area within the personnel access barrier of an underwater irradiator shall have a sign bearing the
radiation symbol and the words, "Caution (or danger), radioactive material.” A panoramic irradiator
shall have a sign stating "Grave (or Extreme) danger, very high radiation area,” but the sign may

be removed, covered or otherwise made inoperative when the sources are fully shielded.

() If the radiation room of a panoramic irradiator has roof plugs or movable shielding, no
person may operate the irradiator, unless the shielding is in its proper location. The requirement” -’
may be' met by interlocks that prevent operation if shielding is not placed properly or by an
operating procedure requiring inspection of shielding before operating.

. (i) An underwater iljfadiator shall have a personnel access barrier around the pool that shall

3

be locked to prevent access when the irradiator is not attended. Only operators or facility”
management may. have access to keys that operate the personnel access barrier.- There shall be
an intrusion alarm to detect unauthorized entry when the personnel access barrier is locked.
Activation of the intrusion alarm shall alert a person who is not necessarily on-site but who is

prepared to re‘s'pondl or §Dmmon\assistance. . . -

. (3) SHIELDING: (a) The fadiation dose rate in areas that are normally occupied during
operation of a panéramip irradiator’r’r)ay not exceed 0.02 millisievert (2 mrem) per hour atany - -
location 30 centimetérs or more from the wall of the room when the sources are exposed: The -
dose rate shall be averaged over an area not to exceed 100 square centimeters having no linear
dimension greater than 20 centimeters. Any area where the radiation dose rate exceeds 0.02
millisievert (2 mrem) per ‘HC‘)‘l:Jr shall be locked, roped off or posted.

' "(b) The radiation dose at 30 centimeters over the edge of the pool of a pool irradiator may
not exceed 0.02 millisievert (2 mrem) per. hour when the sources are in the fully shielded position.

. - - v

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

(4) FIRE PROTECTION, (a) The radiation room of a panoramic irradiator shall have heat
and smoke detectors. The detectors shall activate an audible alarm. The alarm shall be capable
of alerting a person who i$ prepared to summon assistance promptly. The sources shall
automatically become fully shielded if a fire is detected. oo .

1

‘
~ r

-

(b) The radiation room of a panoramic irradiator shall be equipped with a fire extinguishing

system capable\ofﬁextiﬁguishihg a fire without the entry of personnel into the room. The system for
the radiation room shall have a shut-off valve to control flooding into unrestricted areas. - ~ -

KR}

(5) RADIATION MONITORS. (a) An irradiator with an automatic product conveyor system
shall have a radiation monitor with an audible alarm located to detect loose radioactive sources
that are carried toward the product exit. If the monitor detects a source, an alarm shall sound and
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product conveyors shall stop automatically. The alarm shall be capable of alerting a person in the
facility who is prepared to summon assistance. An undewvater irradiator in which the product
moves within an enclosed stationary tube is exempt from the requirements of this paragraph

(b) An underwater irradiator that is not in a shielded radiation room shall have a radratron .
monrtor over the pool to detect abnormal radiation levels. The monitor shall have an audible alarm
and a visible indicator at entrances to the personnel access barrier around the pool., The audible
alarm may have ‘a manual shut-off. The alarm shall be capable of alerting a person who is
prepared to respond promptly ]

(6) CONTROL OF SOURCE MOVEMENT. (a) The mechanism that moves the sources of a
panoramic irradiator shall require a key to actuate. Actuation of the mechanism shall cause an
audible signal to indicate that the sources are leaving the shielded posmon Only one key’ may be
in use at any time, and only operators or facility management may possess it. The key shall be’
attached to a portable radiation survey meter by a chain or cable. The lock for source control shall
be designed so that the key may not be removed if the sources are in an unshielded posmon The
door to the radiation room shall require the same key.

-+ (b) The console of a panoramic irradiator shall have a source position indicator that”
indicates when the sources are in the fully shielded position, in transit and exposed. '
L (c) The control console of a panoramlc |rrad|ator shall have'a control that promptly returns
the sources to the shielded position.

(d) The function of each control for a panoramic irradiator shall be clearly marked. .

-

(7) IRRADIATOR POOLS. (a)%%nﬁat%ssued—aﬂer—thee#ee&we—date-of-&hrs
subehapte%[rewser—tmnsert—eﬁeetwe—date} An irradiator pool shall be one of the followmg .

1 Constructed with a water—tlght stainless steel liner or a liner metallurglcally compatrble )
with other components in the pool. ) . s .

2 Constructed so that there is a low likelihood of substantial Ieakage and with'a surface
desrgned to facilitate decontamination.

(b) A licensee shall have a method to safely store the sources during repairs of the pool.

effective-date}; An irradiator pool shall have no outlets more than 0.5 meter below the normal low
water level that may 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 may act as siphons shall have siphon breakers to
prevent the siphoning of pool water

t

(d) A method shall be avarlable to replenlsh water losses from the pool

(e) A visible indicator shall be provrded in a clearly observable Iocatlon to indicate if the pool
water level is below the normal low water level or above the normal hrgh water level.

i(f) An irradiator pool shall be equped wrth a purn‘" ication system desrgned to be capab!e of .
maintaining the water during normal operatlon ata conductnvrty of 20 microsiemens per. centrmeter .
or less and with a clarity so that the sources ean—beseen—etearly are clearly visible."
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(9) A physical barrier, such as a railing or cover, shall be used around or over irradiator
pools during normal operation to prevent personnel from accidentally falling into the pool. The
barrier may be removed during maintenance, inspection and service operations. o

(h) If long-handled tools or poles are used in an irradiator pool, the radiation dose rate to
the operator at the handling areas of the tools may not exceed 0.02 millisievert (2 mrem) per hour.

(8) SOURCE RACK PROTECTION. If the product to be irradiated moves on a product
conveyor system, the source rack anid the mechanism that moves the rack shall be protected by a
carrier or guides to prevent products and product carriers from hitting or touching the rack or
mechanism.

(9) POWER FAILURES. (a) If electrical power at a panoramic irradiator is lost for longer
than 10 seconds, the sources shall automatically return to the shielded position.

(b) The lock on th'e‘fdpor‘ of the radiation room of a panoramic irradiator shall remain locked
in the event of a power failure. i - A

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

(10) DESIGN REQUIREMENTS. An irradiator -
j i i i shall meet all of the following design
requirements:

(a) Shielding. For a panoramic irradiator, a licensee shall design shielding walls to meet
generally accepted building code requirements for reinforced concrete and design the walls, wall
penetrations, and entranceways to meet the radiation shielding requirements of sub. (3). - If the
irradiator will use more than 2 x 10" becqueréls (5 million Ci) of activity, a licensee shall evaluate
the effects of heating of the shielding walls by the irradiator sources. ,

(b} Foundations. For a panoramic irradiator, a licensee shall aesign the foundation, with
consideration given to soil characteristics, to ensure that the foundation is adequate to support the
weight of the facility shield walls. . o~

(c) Pool integrity. For a pool irradiator, a licensee shall design the pool to ensure all of the
following:

1
[ -

1. Thatthe pool is leak resistant.
2. That the béol is 'stronéh'éﬁgugh to bear the weight of the poéi water and shipping casks.
3. That a dropped shipping cask would not fall on sealed sources.

4. That all outlets or pipeé meet the requirements of sub. M.

- 4 - . s i ¢ 4
'5. That metal components are m'eta.llurgicarlly compatible with other components in the pool.

. . . (d) Water handling system. For a pool irradiator, a licensee shall verify that the design of
the water purification system is adequate to meet the requirements of sub. (7) (f). The system shall
be designed so that water leaking from the system does not drain to unrestricted areas without

being monitored.
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(e) Radiation monitors..For all irradiators, a licensee shall evaluate the location ‘and
sensitivity of the radiation monitor to detect sources carried by the product conveyor system as
required by sub. (5) (a)., A licensee 'shall verify that the product conveyor is designed to stop
before a source on the product conveyor would cause a radiation overexposure to any person. For
a pool irradiator, if thé licensee uses radiation monitors to’detect contamination under sub. (16) (b),
the licensee shall verify that the design of radiation momtormg systems to detect pool
contamination mcludes sensitive detectors Iocated close to where contamlnatron is likely to
concentrate. . - T o . .

(f) Source rack For a pool |rrad|ator a Ilcensee shall venfy that theré are no crevrces on the
source or between the source and source holder that would promote corrosion‘on a critical area of
the source. For a panoramic irradiator, a licensee shall determlne 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._Fora panoramic
irradiator, a licensee shall review the design of the mechanism that moves the sources to ensure .
that the likelihood of a stuck source is low and that if the rack sticks, a means exnsts to free the h
rack with mlnlmat risk to personnel J ) . - v

\_,." &

A9) Access control For a panoramic irradiator, a licensee shall verlfy from the desrgn and
logic diagram that the access control system shall—meets the requirements of sub (2)

(h) Fire protection. For a panoramic irradiator, a licensee shall verify that the number,
locations, and spacing of the smoke and heat detectors are appropriate to detect fires and that the
detectors are protected from mechanical and radiation damage. A licensee shall verify that the
design of the fire extinguishing system provides the necessary discharge patterns, densities, and’
flow characteristics for complete coverage of the radiation room and that the system is protected
from mechamcal and radiation damage

(i) Source return. For a panoramic irradiator, a licensee shall verlfy that the source rack wrll
automatically return to the fully shielded position if power is lost for more than 10 seconds. )

- (i) Seismic. For a panoramic irradiator to be built in seismic areas where the probability of
a horizontal acceleration in rock of more than 0.3 times the acceleration of gravity in 250
years is greater than 10 percent, a licensee shall design the reinforced concrete radiation shields
to retain their integrity in the event of an earthquake by desrgnlng the |rrad|ator to the seismic. .. . .
reqwrements of local bunldmg codes.

F)

(k) Wmng For a panoramic irradiator, a’licensee shall venfy that electncal wmng and
electncal equipment in the radiation room are selected to minimize failures due to prolonged
exposure to radiation.

(1 1) CONSTRUCTION MONITORING AND ACCEPTANCE TESTING ‘An Irradlator whose

meet all of the followmg requrrements pnor to loadlng sources

(a) Shielding. For a panoramic |rrad|ator a Ilcensee shall monitor the construction of the
shielding to verify that its construction meets desngn specn” cations and’ Iocal burldlng code
requirements for relnforced concrete ’ n .

e £t

(b) Foundations: For a panoramic irradiator;a liéénsee shall monitor the construction of the
foundations to verify that their construction meets design specifications.

227



(c) Pool integrity. For a pool irradiator, a licensee shall verify that the pool meets design
specifications and shall test the striictural integrity of the pool and its ability to'hold water. A
licensee shall verify that dutlets"and,pipeg meet the requirements of sub. (7) {b) {c).

(d) Water handling' éystgm. For a pool 'irradiator, a licensee shall verify that the water -
purification system, the condL:{gtivity {meter, and the water level indicators operate properly.

(e) Radiation monitors. For all irradiators, a licensee shall verify the proper operation of the
radiation monitor to detect sources carried on the product conveyor system and the related alarms
and interlocks required by.sub. (5) (a). For a pool irradiator, a licensee shall verify the proper
operation'of the radiation monitors and the related alarm, if used, to meet sub. (16) (b). For an
underwater irradiator; a licensee shall verify the proper operation of the over-the-pool monitor,
alarms, and interlocks required by sub. (5) (b). .

_(f) Source rack. For a panoramic irradiator, a licensee shall test the movement of the source
racks for proper operation prior to source loading. The testing shall include source rack lowering’
due to simulated loss of power. For all irradiators with a product conveyor system, a licensee shall
observe and test the operation of the conveyor system to assure that the requirements in sub. (8)
are met for protection of the source rack and the mechanism that moves the rack. The testing shall
include tests of any limit switches and interlocks used to protect the source rack and mechanism
that moves that rack from moving product carriers.

.. "(g) Access control. For a bénoférhic irradiator, a licensee shall test the completed access
control system to assure that the control system functions as designed and that all alarms,
controls, and interlocks work properly. . , ‘

+ Bl
LIRS

" (h) Fire protection. For a panoramic irradiator, a 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
automatically become fully shielded. A licensee shall test the operability of the fire extinguishing
system. .

3

(i) Source return. For a panoramic irradiator, the licensee shall demonstrate that the source
racks may be returped to their f~ul‘ly shielded positions without power. o -

~

(i) Computer systems. For a panoramic irradiator that uses'a computer system to control -
the access control system, a licénsee shall verify that the access control system will operate -
properly.if power is lost and shall verify that the computer has security features that prevent an
irradiator operator from commanding the computer to override the access control system when the

system is required to be operéblg. R :

(k) Wiring. For a panoramic irradiator, a licensee shall verify that the electrical wiring and
electrical equipment that were installed, meet the design specifications:

(12) TRAINING. (a) Before a person is-perritted-to may act as an irradiator operator
without a supervisor present, the person shall be instructed in all the following:

. 1. The fundamentals of radiation protection applied to irradiators.: The fundamentals shall
include the differences between external radiation and radioactive contamination, units of radiation -
dose, dose limits, why large radiation doses must be avoided, how shielding and access controls
prevent large doses, how an irradiator is designed to prevent contamination, the proper use of
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survey meters and personnel dosimeters, other radiation safety features of ah irradiator and the
basic function of the irradiator.

2. The requirements of subch. X and this subchapter.

3. The operation of the irradiator.
4. Operating and emergency procedures listed in sub. (13) that the person is fesponsible
for performing.

iy

5. Case histories of accidents or problems involving irradiators.

(b) Before a person is-permitted-to may act as an irradiator operator without a supervisor
present, the person shall pass a written test on the instruction received consisting primarily of
questions based on the licensee's operating and emergency procedures that the person is
responsible for performing and other operations necessary to safely operate the irradiator without
supervision. ]

() Before a person is-permitted-to may act as an irradiator operator Without a ‘supervisor
present, the person shall have received on-the-job training or simulator training in the use of the

irradiator as described in the license application. The person shall also demonstrate the ability to_

perform those portions of the operating and emergency procedures that he or she is to perform. -

(d) A licensee shall conduct safety reviews for irradiator operators at least annually. At the
review, the licensee shall give each operator a written test on the information presented during
annual safety training. Each safety review shall include, to the extent appropriate, all of the
following: o -

1. Any changes in operating and emergency procedures since the last review.
2. Any changes in regulations and license conditions since the last review.
3. Any reports on recent accidents, mistakes or problems that have occurred at irradiators.
4. Results of inspections of operator safety performance.
5. Results of the facility's inspection and maintenance checks.
) 6 A‘arili tobpfac;ticé an eme}gency or abnormal event procedure.
(e) Alicensee shall evaluate the safety performance of each ifadiator operator at least
annually to ensure that regulations, license conditions and operating, safety and emergency .

procedures 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.
-~ Cor ‘ T C . R ‘*'"'U:“‘:g" )
(f) Persons 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 instructed and tésted in any °

precautions they should take to avoid radiation exposure, any procedurés or parts of procedures

listed in sub. (13) that they are expected to perform or comply with and their proper response to
alarms required in this subchapter. Tests may be oral. " « ) I

229

b2



. (g) Persons who must be prepared to respond to alarms required by subs. (2) (b) and (i),
(4) (a), (5} (a) and (b), and (16) (b) shall be trained and tested on how to respond. Each person
shall be retested at least annually. Tests may be oral.

(13) OPERATING AND EMERGENCY PROCEDURES. (@A licensee'shall have and
follow written operating procedures for all the following: ‘ ;

1. Operation of the irradiator including entering and leaving the radiation room.
2. Use of personnel dosimeters.
3. Surveying the shieldingj’of panoramic irradiators.

* 4. Monitoring pool water for contamination while the water is in the pool and before release
of pool water to unrestricted areas. ; SEEPTI '

5. Leak testing of sources.
6. Inspection and maintenance checks required by sub. (17).

7. Loading, ﬁnloédfng and repositioning sources if the operations will be performed by the
licensee. Ces

8. Inspection of movable shielding required by sub. (2), if applicable.

\ (b) A license’e‘%ﬁa}l Haye and follow‘emergency or abnormal event procedures, appropriate
for the irradiator type, for all of the following situations:

1. Sources stuck in the unshielded position.
2. Personnel overexposures.
3.A radiation alarm from the product exit portal monitor or pool monitor.

4. Detection of leaking sources, pool contamination or alarm caused by contamination of
pool water.

-5..A low or high water level indicator, an abhormal water loss or leakage from the source
storage pool.

6. A prolqﬁggq losé of electrical power.
. 7. Afire alarm or exgléision lnthe radiation room.

8. An alarm indicating unauthorized entry into the radiation room, area around poo! or
another alarmed area. Ry . AT

9. Natural pheriomena, inciuding an earthquake, a tornado; flooding or other phenomena ‘as
appropriate for the geographical location of the facility. ‘

10. The jamm\i‘néjibf ‘automatic cori‘\/éyor systems.
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(c) A licensee may revise operating and emergency procedures wrthout department
approval only if all of the following condrtlons are met:

1 The revisions do not reduce the safety of the facility.

2 The revisions are conSIstent with the outline or summary of procedures submltted wuth
the llcense appllcatlon ) 5 S S

3. The revnswns have been revrewed and approved by the radlatlon safety oﬁ" icer. i ‘

. 4. The users or operators are lnstructed and tested on the revrsed procedures before the

procedures are lmplemented LT

(14) PERSONNEL MONITORING (a) Any irradiator operator shall wear elther a il Im badge,
a thermoluminescent dosimeter {F£B) or similar approved devi¢e while operating a panoramic
irradiator or while in the area around the pool of an underwater irradiator. The film badge or TLD
processor shall be accredited by the national voluntary laboratory accredltatlon program for high .
energy photons in the normal and accident dose ranges. Each film badge or TLD shallbe .
assigned to and worn by only one person.”Film badges shatl be processed at Ieast monthly and
TLDs shall be processed at Ieast quarterly

Tea T
'

Note See S. HFS 157 25 (1) (c) for lnstructlons concernlng dosnmetry processmg

(b) cher—persens A person other than an lrradlator operator who enters the radlatton E
room of a panoramic irradiator shall wear a dosimeter, which may be a pocket dosimeter. For
groups of vnsntors only 2 people who enter the radratlon room are required to wear dosrmeters

{c) If pocket dosnmeters are used to meet the requ:rements of par. (b), a check of their
response to radiation shall be performed at least annually Acceptable dosxmeters shall read within
plus or minus 20 percent of the true radlatlon dose '

(1 5) RADIATION SURVEYS (a) A radlatlon survey of the area outsnde the shleldlng of the )
radiation room of a panoramic irradiator shall be conducted with the sources in the eéxposed
position before the facility starts to operate.”A radiation survey of the area ‘above the pool of pool
irradiators shall be conducted after the sources are loaded but before the facnlrty starts 'to operate
Additional radiation surveys of the shielding shall be performed at intervals not to exceed 3years
and before resuming operation after addition of new sotirces or any modlt” catlon to the radlatlon -

room shjeldlng or structure that mrght mcrease dose rates L.

(b) If the radlatlon Ievels specnf ed in sub (3) are exceeded the facmty shall be modlt” ed to .
comply with the requnrements in sub. (3) A

)

(c) Portable radiation survey meters shall be callbrated at least annually to an accuracy of
plus or minus 20 percent for the gamma energy of the sources in use The calibration shall be )
performed at 2 points on each scale or, for digital instruments, ‘at oné point per decade over the
range that will be used. Portable radiation survey meters shall be of a type that does not fail and °
read zero at high radiation dose rates

iy (S P Sl et

(d) Water from the |rrad1ator pool other potentially contammated liquids and sediments from
pool vacuuming shall be monitored for radioactiveé contamination before release to unrestricted
areas. Radioactive concentrations may not exceed those specified in Table 1l, Column 2 or Table
Il of Appendix E.
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(e) Before releasing resins for unrestricted use, the resins shall be monitored before release
in an area with a background level less than 0.5 microsievert (0.05 mrem) per hour. The resins
may be released only if the survey does not detect radiation levels above background radiation
levels. The survey meter used shall be capable of detecting radiation levels of 0.5 microsievert
(0.05 mrem) per hour. . . o, : :

(16) DETECTION OF LEAKING SOURCES. (a) Each dry-source-storage sealed source
shall be tested for leakage at intervals not to exceed 6 months using a leak test kit or a method
approved by the department, the U-S- issior NRC, another agreement
state or a licensing state. In the absence of a certificate from a transferor,that a test has been
made within the 6 months before the transfer, the sealed source may not be used until tested.” The
test shall be capable of detecting the presence of 200 becquerels (0.005 pCi) of radioactive
material and shall be performed by a person approved by the department; the U.-S—nuclear
regulatory commission NRC, qnoth§5 agreement state or a licensing state to perform the test.

, .. . i ' v, . “y ¢ o7 N

.~ ,(b) For a pool irradiator, sources may not be put into the pool unless'a licensee tests the *
sources for leaks or has a certificate from a transferor that a leak test has been performed within
the 6 months before the transfer. Water from the pool shall be checked for contamination each
day the irradiator operates. The check may be done either by using a radiation monitor on a pool
water circulating system or by analysis of a sample of pool water. If a check for contamination is
performed by analysis of a sample of pool water, the results of the analysis shall be available
within 24 hours. If the licensee uses a radiation monitor on a pool water circulating system, the
detection of above normal radiation levels shall activate an alarm.: The alarm set-point shall be set
as low as practical, but high enough to'avoid false alarms.- A licensee may reset the alarm set- -
point to a higher level if necessary to operate. the pool water purification system to clear up
contamination in the pool if specifically provided for in written emergency procedures.

. (c)Ifaleaking source is aetegted, a licensee shall arrange to remove the leaking source
from service and have it decontaminated, repaired or disposed of by a department-U.S-ruslear -
regulatory-commission NRC, another agreement state or a licensing state licensee authorized to
perform decontamination, repair or disposal. A licensee shall promptly check its personnel,
equipn"ten‘t, facilities and irradiated product for radioactive contamination. No product may be
shipped until the product has been checked and found free of contamination. If a product has: :':
been shipped that may hé)'/é, l‘)‘e‘en inadvertently contaminated, the licensee shall arrange to locate”
and survey that product for contamination. . If any personnel are found to be contaminated,. - '-
decontémin;ation shall be performed immediately. If contaminated equipment; facilities or products:
are.found, a licensee shall arrange to have the equipment, facilities or products decontaminated or
disposed of by a the department, the U.S. nuclear regulatory commission, another agreement
state or a licensing state licensee authorized.to perform decontamination or disposal.”If a pool is
contaminated, a licensee shall arrange to clean the pool until the contamination levels do not
exceed the appropriate concentration in Table Il, Column 2 of Appendix E.

T I T S .

H . (17) INSPECTION ’/\ND MAINTENANCE. (a) A licensee shall perform inspectionand -
maintenance checks that include each of the following at the frequency specified in the license or” .
license application: ., - - - ) ‘

‘ 4

1. Operability of each aspect of the access control system fequired by sub. (2).

-

g, Functioning of the source position indicator requiredtby. sub. \(6) (b).
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3. Operability of the radiation monitor for radioactive contamrnatron in pool water requrred
by sub. (16) (b) using a radiation check source, if applicable. * e

4, Operabrlrty of the over-pool radratlon monrtor at underwater |rrad|ators as reqwred by
sub. (5) (b) Co ' ) v

i ~ . R - s - . N oyt

5. Operability of the product exit monitor required by sub. (5) (a). I

6. Operablllty of the emergency source return control requrred by sub (6) (c)

v
i

- 7 Vrsual rnspectron of leak-trghtness of systems through whrch pool water crrculates
8 Operablllty of the heat and smoke detectors and extrngwsher system reqwred by sub.
(4), without turnrng extlngurshers on. o
LroL o, T PR

-9, Operabrlrty of the means of pool water replenlshment requrred by sub. (7) (e) (d)

-, - -—-!n
PR

10. Operabrlrty of the indicators of high and low pool water levels requrred by sub. (7) (d)(__)

-11. Operability of the intrusion alarm reduired by s:u_b. (?)'!(i), if applicab'_le.
12. Functlonrng and wear of the system mechanlsms and cables used to rarse and lower
sources. ' -t

- 13. Condition of the barrier to prevent products from hrttrng the sources or source f

mechanism as required by sub. (8). _ T

14. Amount of water added to the pool to determrne lf the pool is leaklng

I T T P

. 15, Electrrcal wrnng on requrred safety systems for radlatron damage -

Yo

16 Pool water conductrvrty measurements and analysrs as requrred by sub (1 8) (b)

- (b) Malfunctrons and defects found during mspectron ‘and malntenance checks shall be ~
reparred within trme frames specrf‘ edin the Ircense or llcense applrcatron

,

(18) POOL WATER PURlTY (a) A pool water punt” catlon ‘system shall be—mn—sufﬁsrently—te
maintain the,conductivity of the poo!l water below 20 mrcrosremens per centimeter under normal
circumstances. “If pool water conductivity rises above 20 riicrosiémens per centimeter, a licensee
shall take prompt actions to lower the pool water conductlvrty and shall take correctrve actrons to o
prevent future recurrences. - T 5 i - SR o “

i

(b) A Ilcensee shall measure the pool water conductlvrty frequently enough but no less than -
weekly, to assure that the conductivity remains below 20 mrcrosremens per centlmeter
Conductivity meters must be calibrated at least annually RN

P T T ~

(19) ATTENDANCE DURING OPERATION. (a) Both an rrradlator operator and at least one
other person who is trained on how to respond and prepared to promptly render or summon °
assistance if the access control alarm sounds shall be present on site durrng any of the followmg
times: L

1. Whenever the irradiator is operated using an automatic product conveyor system.
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s, Whenevgf'tﬁ'e' Bro'du&t is moved info or out of the radiation room when the irradiator is-
operated in a batch mode.
(b) A person who has received the training on how to respond to alarms described in sub:
(12) (g) shall be on site at a panoramic irradiator at which product is exposed to radiation with no
movement of the product. , . . e

(c) At an underwater irradiator, an irradiator operator shall be present at the facility
whenever the product is moved into or out of the pool. Persons who move the product into or out
of the pool of an underwater irradiator, need not be qualified as irradiator, operators, but shall have
received the training described in sub. (12) (f)and (g). Static irradiations may be performed
without a person present at the facility. , ; . T ‘

(20) ENTERING AND LEAVING THE RADIATION ROOM. (a) Upon first entering the
radiation room of a panoramic irradiator after an irradiation, the irradiator operator shall use a
survey meter to'détermine that the source has returned to its fully shielded position. The operator
shall check the functioning of the survey meter with a radiation check source prior to entry."

(b) Before exiting from and locking the door to the radiation room of a panoramic irradiator
prior to a planned irradiation, the irradiator operator shall do ali the following:

3

- ooty as g e s ¢ '
1. Visually inspect the entire radiation room to verify that no one else is in it.

2. Activate a control in the radiation room that permits the sources to be moved from the
shielded position only if the door to the radiation room is locked within'a preset time after setting
the control.

‘3"'3‘1_ :.i‘: ! . .‘—’ 4 ::f': ' ©

(c) During a power faifufe, the area around the pool of an underwater irradiator may not be
entered without using an operable and calibrated radiation survey meter unless the over-the-pool
monitor required by sub. (5) (b) is operating with backup power..

\ v AR S N-F R . - PO O PRI

(21) IRRADIATION OF EXPLOSIVE OR FLAMMABLE MATERIALS. (a) Irradiation of
explosive material is prohibited unless a licensee has received prior written authorization from the
department. Authorization may not be granted unless a licensee demonstrates that detonation of-
the explosive would not rupture the sealed sources, injure personnel, damage safety systems or
cause radiation overexposures of personnel..- R C )

R GEL S - AT e B PR P et
. (b) Irradiation of more than small quantities of flammable material with a flash point below.
140°F is prohibited.in par]orémic_i[radiatprs unless a licensee has received prior written °
authorization from the department. Authorization shall may not be granted unless a licensee * - -
demonstrates that a fire in the radiation room could be controlled without damage to sealed
sources or safety systems and without radiation overexposures of personnel.

(22) RECORDS AND RETENTION PERIODS. A licensee shall maintain all the following -
records at the irradiator for the periods specified: _

(a) A copy of, thg_!iéenge, the liéeﬁsé conditions, documents incorporated into the license by -
reference and amendments thereto until superseded by new documents or until the department
terminates the license for documents not superseded. '
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(b) Records of each individual's training, tests andhsafety reviews provided to meet the
requirements of sub. 12 (a) to (d), (f) and (g) until 3 years after the person terminates work.

(c) Records of the annual evaluations of the safety performance of irradiator operators
required by sub. (12) (e) for 3 years after the evaluation.

(d) A copy of the current operating and emergency procedures required by sub. (13) until
superseded or until the department terminates the license. Records of the radiation safety officer's
review and approval of changes in procedures as required by sub. (13) (c) 3. shall be retained for 3
years from the date of the change.

(e) Dosrmetery results required by sub. (14) (a) and (b) until the department termrnates the
license. :

(f) Records of radiation surveys required by sub. (15) for 3 years from the survey date.

(9) Records of radiation survey meter calibrations requrred by sub. (15) and pool water
conductivity meter cahbratlons required by sub. (18) (b) until 3 years from the calibration date.

(h) Records of the results of leak tests requrred by sub. (16) (a) and the results of -
contammatron checks required by sub. (16) (b) for 3 years from the date of each test.

(r) Records of inspection and maintenance checks requrred by sub. (17) for 3 years.

(i) Records of major malfunctions, significant defects, operating difficulties or irregularities,
and major operating problems that involve required radratron safety equrpment for 3 years after
repairs are completed. _ o

(k) Records of the receipt, transfer and disposal of all licensed sealed sources as required
by s. HFS 157.13 (12), 10 CFR 30.51 or the equivalent agreement state or licensing state
regulations.

(L) Records on the design checks required by sub. (10) and the construction control checks
as required by sub. (11) until the license is terminated. The records shall be srgned and dated.
The title or qualifi catron of the person signing shall be mcluded

~

(m) Records related to decommissioning of the irradiator as required by this chapter, 10
CFR 30.35(g) or the equivalent state regulation. .

1“’

(23) REPORTS. (3) In addition to the reporting requirements in other parts of this chapter a
licensee shall report to the department all of the following events:

1. Source stuck in an unshrelded position.
2. Any fire or explosion in a radiation room.

3. Damage to the source racks. o L - J . -

p4

.4, Failure of the cable or drive mechanism used to move the source racks.

5. Inoperability of the access control system.
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6. Detection of radiation source by the product exit monitor.

7. Detection of radioactive contamination attributable to licénged radioactive material.
8. Structural damage to the pbol liner or walls.

9. Water loss or leakage from the source storage pool, greater than the irradiator pool
design parameters submitted by the licensee or applicant. : . :

10. Pool water conductivity exceeding 100 microsiemens per centimeter.

(b) For any event in par. (a), a licensee shall provide a telephone report within 24 hours that
meets the requirements of s. HFS 157.32 (2) and a written report within 30 days that meets the
requirements of s. HFS 157.32 (3).

Subchapter VIll - X-ray Device Requirements
HFS 157.74 Administrative requirements. (1) GENERAL. The registrant shall be
responsible for directing the operation of the x-ray systems under their administrative control. The
registrant or the registrant’s'agent shall ensure the requirements of this section are met. An x-ray
system shall meet the provisions of this subchapter to be operated for diagnostic or screening
purposes. All images, hard copy or electronic, shall be interpreted by a licensed practitioner for the

patient record.

(2) RADIATION SAFETY REQUIREMENTS. (a)-Any-person-operating-a-radiation
: - -

. o as
ormedical-diagnosis-orceraoninag._avennt one-densiby devicae _chall hava ar ha_ona.of
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(a) Each individual who operates x-ray equipment shall be instructed in the safe
operating procedures for each specific device and be competent in the safe use of the
equipment as determined by the reqistrant.

{e) (b} A chart shall be provided next to the control panel of a diagnostic x-ray system that
specifies, for all examinations performed wrth that system, all of the following mformatron

1. Patient’s body part to be examined and anatomlcal size, body part thickness or, for
pediatrics, age versus technique factors to be utilized. -

2. Type and size of the film or film-screen combina'tion to be used.

3. Type and fbcal distance of the grid to be used. if any.

4. Except for dental intra-oral radiography, source to image receptor distahc_é to be used.
5. T;/pe and location of placement of patient shielding to be used.

'Note: fl'his chart mafy be eiectronic }n the form of pre-programmed 'controls.

{d) (c) The registrant of a facility shall create and make available to x-ray operators written
safety procedures, including patient holding procedures and any restrictions of the operatlng
technique required for-the safe operation of the particular x-ray system. The operator shall be able
to demonstrate familiarity with these procedures.

{e) (d) Only the staff, ancillary personnel or other persons requrred for the medical - )
procedure or training may be in the room during the radiographic exposure.’ Other than the patrent
the following applies to all persons in the room:

1. All persons shall be positioned such that no part of the body will be struck by the useful
beam unless protected by not less than 0.5 millimeter lead equivalent material.” If the hands must
be in the beam and unprotected, a ring badge on the hand in the beam shall be worn unless
contraindicated by the clinical procedure.

2. All persons, including any patients who cannot be removed from the rpom, shaLII be =~
protected from the direct scatter radiation by whole body protective barriers of not less than 0.25
millimeter lead equivalent material or shall be so positioned that all parts of the person s body are
at least 2 meters from all of the following:

a. The tube head. ,
b. Thedirect‘bea‘m. r ‘ N . -

c. The nearest part of the examined patlent s body belng struck by the ‘useful beam

(f) {e) Gonad shleldlng of not less than 0. 5 millimeter lead equrvalent matérial shall be used
for human patients who have not passed the reproductive age during radiographic procedures in
which the gonads are in the useful beam, except for cases in whrch ‘the shreldmg would interfere
with the diagnostic procedure or for computed radiographic examinations.
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{g).(f) Persons shall may not be exposed to the useful beam except for healing arts
purposes and unless such expdsure has been authorized by a licensed practitioner of the healing
arts. Deliberate exposure for'any of the following purposes is prohibited:

1. Exposure of a person for training, demonstration or other non-healing arts purpose.
Y ’ T f
2. Exposure of a person for healing arts screening, except as authorized by the department.

' Note: The procedure for r'équesting permission to conduct screening x-ray examination isin
Appendix M.

{h)(a) When a patient or film must be provided with additional support during a radiation
exposure, all of the following applies:

1. The human holder shall be instructed in personal radiation safety and protected as
required by subd. 2. Written safety procedures are required.

2. In those cases where the patient must hold the film, any portion of the body other than
the area of clinical interest struck by the useful beam shall be protected by not less than 0.5
millimeter lead equivalent material.

3. Each facili'ff/ shall have leaded aprons and gloves available in sufficient numbers to
provide protection to all personnel who are involved with x-ray operations and who are otherwise
not shielded.

4. Leaded aprons and gloves shall be inspected at least every 3 years for defects and
replaced if defective. If visual inspection reveals possible defects, radiographic inspections shall
be performed. . :

. {h(h) Procedures and auxiliary equipment designed to minimize patient and personnel
exposure commensurate with the needed diagnostic information shall be utilized, as follows:

1. The speed of the screen and film combinations used shall be of a speed consistent with:
the diagnostic objective of the examinations. Film cassettes without intensifying screens may not
be used for any routine diagnostic radiological imaging, with the exception of veterinary
radiography and standard film packets for intra-oral use in dental radiography.

.2 The radiation e‘xpdéhre to the patient shall be the minimum exposure required to produce
images of good diagnostic quality.

43. An x-ray system may not be utilized in a procedure where the source to patient distance

is less than 30 centimeters, except for a veterinary system, bone density unit or a unit granted an
exemption by the US food and drug administration.

[
.

‘ 5& If grids are used between the bétient and the image receptor to decrease scatter to the
film and improve contrast, the grid shall meet all of the following requirements: '

P

a. Be positioned with tube side facing the in right direction, and grid centered to the central
ray.
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b. Be of the proper focal distance for the SIDs being used. Grids shall be of the proper ratio
to adequately reduce scatter for the procedure being performed. ) )

c. Antiscatter grids ‘or an appropriate air gap technique to reduce scattef to the imége
receptor shall be used for all x-ray examinations of the human torso utilizing stationary x-ray

equipment for patients 12 years of age or older.” """ e ) ‘ S

& (i) All persons associated with the operation of an x'-'rayfsystem are subject to the
requirements of s. HFS 157.22 (1), (5), (7)ﬂajr}d (8). - . -

) (i) A person proposing to conduct a hedling arts scréening program may not initiate a *
program without the department’s prior approval. When requesting approval, the person shall
submit the information outlined in Appendix M. If any information submitted to the department Loy
becomes invalid or outdated, the department shall be immediately notified. - . .

(-L) (k) All facilities performing mammography shall meet the requirements of 21 CFR 906,
US food and drug administration, Mammography nglity Standards Act. , . e e

(3) X-RAY FILM PROCESSING EQUIPMENT AND PROCESSING PROCEDURES, (a) . -,
Each installation using a radiographic x-ray system for human diagnosis or screening and using
analog image receptors shall have available suitable equipment for handling and processing

radiographic film according to the film and chemistry manufacturer’s instructions.

«(b) Q‘uality control and maintenance ‘procedures shall be

’ - N A -

performed on a regular schéaulé )
according to the device manufacturer's recommendations.’ ‘ : ’

(c) X-ray film processing control tests shall be performied on days when human patient films
are being processed and prior to the processing of the first films of the day, except dental facilities
and podiatry facilities. - T C - - s e T ’ o

L J T

(d) X-ray film processors in ehiréé#aetie{'dénta! and podiatry facilities shall be fested ét_le‘asti.
once a week. -, - o R LT c. N

P87
‘

(4) OTHER REQUIREMENTS. (a) Pass boxes, if provided, shall be constructed to exclude
light from the darkroom when cassettes are placed in’or removed from the boxes and shall ._ .
incorporate adequate shielding from stray radiation to prevent exposure of undeveloped film.

(b) The darkroom shall be light tight with proper safelights so that any film type in use
exposed in a cassette to x-radiation ‘sufficient to produce én“opticaj;density from one to 2when .-
processed may not suffer an increase in'density greater than'0:1, ‘or 0.05 for mammography, when
exposed in the darkroom for 2 minutes with all safelights on. If used, daylight film handling boxes
shall preclude fogging of the film. Darkrooms typically used by more than one person shall be
provided a method to'prevent accidental ‘entry while undeveloped films are being handled or - . -
processed. : R R N RS S

- '
. - N . ‘ -
PR S [P N

(c) Film shall be stored according to the maniufacturer’s requirements'and shallbe
protected from exposure to stray radiation. Film in open packages shall be stored in a light tight )
container. ; . T e AR -
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(d) Film cassettes and intensifying screens shall be inspected periodically and shall be
cleaned and replaced as necessary and consistent with the manufacturer’s instructions to best
“assure radiographs of good diagnostic quality. . ;

(e) Outdated x-ray ﬁlm“may not be used for diagnostic radiographs.

(f) Film‘devel6bihg solutions shall be prepared using instructions given by the manufacturer
and maintained in strength by replenishment or renewal so that full development is accomplished
within thgz time specified by the manufacturer. o

HFS 157.75 General requirements for all diagn'ostic x-ray sys‘tems. Diagnostic x-ray
systems shall meet all the following requirements: ' :

B U I R S
* (1) WARNING LABEL. The cq’htrol panel containing the main power switch shall bear the
following wamning statement, legible and accessible to view: "WARNING: This x-ray unit may be
dangerous to patient and operator unless safe exposure factors and operating instructions are
observed.” . -, ‘

i 3
1

(2) BATTERY CHARGE lNDll!CAT’OR. On ‘battery-pélwe'red xray generators, visual means
shall be provided on the control panel to indicate whether the battery is in a state of charge
adequate for proper operation. - : : ‘

. L4 S LS N S5 N , B ‘ "

(3) LEAKAGE RADIATION FROM THE DIAGNOSTIC SOURCE ASSEMBLY. The leakage
radiation from the diagnostic source assembly measured at a distance of one meter in any
direction from the source may not exceed one mGy (115 milliroentgens) in one hour when an x-ray
tube is operated at its leakage technique factors. Compliance shall be determined by
measurements averaged over an area of 100 square centimeters with no linear dimension greater
than 20 centimeters. Leakage technique factors may be any of the following:

. .- . L e s , g . toyr T it N
a) For diagnostic source assemblies intended for capacitor enerqy storaqe -
equipment, the maximum-rated peak tube potential and the maximume-rated number of
exposures in an hour for operation at the maximum-rated peak tube potential with the
uantity of charge per exposure being 10 millicoulombs which is 10 mAs, or the minimum '
obtainable from the unit, whichever is larger.

Toe T

* (b) For diagnostic source assemblies intended for field emission equipment rated for !
ulsed operation, the maximum-rated peak tube otential and the maximum-rated number-
of x-ray pulses in an hour for operation at the maximum-rated peak tube potential.

. s -
LIRS S 4

c) For all other diagnostic source assemblies. the maximume-rated peak tube -

potential and the maximum-rated continuous tube current for the maximum-rated peak fube
tential : .. I :

L_" L oo, '

(4) RADIATION FROM COMP‘ONENTS“ OTHER THAN THE DIAGNOSTIC SOURCE
ASSEMBLY. The radiation emitted by a component othér than the diagnostic source assembly
may not exceed 20uGy (2.15 milliroentgens) in one hour at 5 centimeters from any accessible
surface of the component when it is operated in an assembled x-ray system under any conditions
for which it was designed. Compliance shall be determined by measurements averaged over an
area of 100 square centimeters with no linear dimension greater than 20 centimeters.

(5) BEAM QUALITY. (a) The half-value layer of the useful beam for a given x-ray tube
potential may not be less than the values shown in Table HFS 157.75. Ifitis necessary to
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determine the half-value layer at an x-ray tube potentlal that i |s not llsted in Table HFS 157.75,
linear interpolation or extrapolatlon may be made

TABLE HFS 157.75 .
_ HALF-VALUE LAYER REQUIREMENTS
Design Measured Half-Value Layer In mm Aluminum .
. [Operating. - .| Potential * |" - porintta. [+ Al Other
- Range - (kvp) - Oral - .| - Diagnostic X-Ray -
. Systems
Below 51 - ~ 30 U NIAL 03"
C 40 U NIAT L 04
50 1.5 0.5 -
51 to 70 51 15 . L 12
]l e0o | ..-a5 .o . " 13 ol
70 1.5 . a5
~ Above70 |- 71 21 - | 24
S 80 2.3 . .23 ..
90 ... 25 | .. 25, f
100 2.7 2.7 S R
10 . | . .30 . |. 3.0 - 0
120 3:2 o -V
130 . .35 : 35 . .-
140 - |. .-38 . |- © 387
150 |0 41 | a1 ..

(b) For x-ray systems using capacitor discharge to provide power to an x-ray tube, half-
value layer shall be determnned with the system fully charged and a settlng of 10 mAs for each

exposure ot ) e
(c) The required minimal half-value layer of the useful beam shall lnclude the f ltratlon
contrlbuted by all matenals that are permanently between the source and the patlent

.- . - =

‘\ {

(d) For X-ray systems wrth vanable t” ltratlon controls the system shall prevent an exposure
unless the appropnate filtration is in place for the kilovolts peak selected. o « ‘

(6) MULTIPLE TUBES. When 2 or more  radiographic | tubes are controlled by one exposure .
switch, the tube that has been selected shall be clearly indicated prior to initiation of the exposure. -
The indication shall bé both on an x-ray control panel and at or near the selected tube housing
assembly.

e
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. (7) MECHANICAL SUPPORT OF, TUBE, HEAD. The tube housing assembly supports shall
be adjusted such that the fube housing assembly will remain stable during an exposure unless
tube-housing movement is a designed function of an x-ray system. L

(8) TECHNIQUE INDICATORS. (a) The technique factors to be used during an exposure
shall be indicated before the exposure begins. If automatic exposure controls are used, the
technique factors, which are’set prior to the exposure; shall be indicated.

(b) The réquirei'ﬁént in ;I)'ar:: ('a)‘ may be met by permanent markings on equipment having
fixed technique factors. Indication of technique factors shall be visible from the operator's position
except in the case of spot films made by the fluoroscopist.

>

e, \ * . , . ,
(9) MAINTAINING COMPLIANCE. Diagnostic x-ray systems and their associated
components used on humans and certified under the federal X-ray equipment performance

standard, 21 CFR 1020, shall be maintained in compliance with applicable requirements of that

standard.

(10) LOCKS. All position locking, holding and centering devices on x-ray system
components and systems shall function as intended. - o

HFS 157.76 Fluoroscop:ic x-ray systems. All ﬂuoroscc;pic x-ray systems shall be image
intensified and, with the exception of therapy simulators, meet all the following requirements:

- i < R ~
(1) LIMITATION OF USEFUL BEAM. (a) The fluoroscopic imaging assembly shall be

provided with a primary protective barrier that intercepts the entire cross 'section of the useful beam
at any SID. ‘ 4

(b) An x-ray tube used for fluoroscopy shall may not produce x-rays unless the barrier is in
position to intercept the entire useful beam. : e '
(c) For fluoroscopic systefns with or without a épot film device; neither the length nor the
width of the x-ray field in the plane of the image receptor shall exceed that of the visible area of the
image receptor by more than 3 peréernitof the SID. The sum of the excess length and the excess
width shall be no greater than 4 percent of the SID. '

- (d) For uncertified fluoroscopic'systems with‘a’_sp(?;t film device, the x-ray beam with the . ..
shutters fully opened during fluoroscopy or spot filming shall be no larger than the largest spot film
size for which the device is designed. Measurements shall be made at the minimum SID available
but at no less than 20 centimeters table top to the film plane distance.

+

(¢) Means shall be provided to permit further limitation of the field. Beam-limiting devices
manufactured after May 22, 1979, and incorporated in equipment with a variable SID or a visible
area of greater than 300 square centimeters shall be provided with means for stepless adjustment |,
of the x-ray field. SN ' ‘ -

= () All equipment witha fixed SID arid & visible aréa 6f 300 square centimeterS or less shall
be provided with either stepless adjustment of the x-[ay’ field or with means to further limit the x-ray -
field size at the plane of the imagereceptor to 125 square centimeters or less. o -

(9) If provided, stepless adjustment shall, at the greatest SID, provide continuous field sizes
from the maximum attainable to a field size of 5 centimeters by & centimeters or less.
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(h) For equipment manufactured after February 25, 1975, when t'hélangle‘ b'eltv(/een the’ ‘
image receptor and beam axis is variable, means shall be provided to indicate when the axis of the
x-ray beam is perpendicular to the plane of the,ir_nage; receptor. 1

(i) For non:circular x-ray fields used with E:ii{:q]éf image receptors, fﬁé'égr}or‘"in'élivg’hr“neﬁi
shall be determined along the length and wigith:dimen'siq[\s of the x-ray field which pass through..
the center of the visible area of the image receptor. o '

.(i) Means shall be provided bétween the source and the pét}ienct for adjustment of the x-ray
field size in the plane of the film to the size of that portion of the film that has been sélécted on the
spot film selector. The adjustment shall be automatically accomplished except when the x-ray field
size in the plane of the film is smaller than that of the selected portion of the film. For spotfilm . |
devices manufactured after June 21, 1979, if the x-ray field size is less than the size of the !
'selected portion of the film, the means for adjustment of the field size shall be only at the operator’s
option. .~ . i - R LT :

(k) Neither the length nor the width of the x-ray field in the plane of the imagé receptor shall
differ from the corresponding dimensions of the selected portion of the image receptor by more
than 3 percent of the SID when adjusted for full coverage of the selected portion'of the image ,
receptor. -The sum; without regard to’sign, of the length and width differences may not exceed 4 . .
percent of the SID.

. (L) It shall be possible to adjust the x-ray field size in the blane of the'yﬁl’rﬁ toa sv;e smaller
than the selected portion of the film.” The minimum field size at the greatest SID shall be equal to
or less than 5 centimeters by 5 centimeters.

© -(m) The center of the x-ray field in the plane of the film shall be aligried with the center of . |
the selected portion of the film to within 2 percent of the SID. T

- v+ _(n) On spot-film devices manufactured after February 25, 1978, if the angle between the
plane of the image receptor and beam aXis is variable, means shall be provided to indicate when |
the axis of the x-ray beam is perpendicular to the plane of the image receptor, and compliance
shall be determined with the beam axis indicated to be perpendicular to the plane of the image
receptor. .- o Foy T ' ‘
(o) If a method exists to override any of the automatic x-ray field size’ adjustments, that
method shall meet all of the following requirements: . ‘

"~

gl Designed for use only in the event of system failure.

9 ey - N T TV TR S A L 1o
. 2-Incorporates a signal visible at the fluoroscopist's position, which will indicate whenever
the automatic field size adjustment is overridden. L '
L e gy ~ Sh e - Tt
:3.-Clearly and durably labeled as follows: "™ - . e

T
-

FOR X-RAY FIELD
LIMITATION SYSTEM FAILURE

(2) ACTIVATION OF THE FLUOROSCOPIC TUBE. A device that requires continuous
pressure by the fluoroscopist for the entire time of ;any exposure shall control x-ray productionin , .
the fluoroscopic mode. When recording serial fluoroscopic images, the fluoroscopist shall be able .
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to terminate the x-ray exposure at any time. A method of permitting completion of any single
gxpoéuré of the series in process may be utilized. e e
v . 0 . ' 'V - ‘ Coad i ta c Yo
(3) AIR KERMA RATE LIMITS AND ENTRANCE AIR KERMA ALLOWABLE LIMITS.
Fluoroscopic equipment may, not be operable at any tube potential and current that will result in an
air kerma rate in excess of 10, cGy/minute (11.5 R/min) at the point where the center of the useful
beam enters the patient except under either of the following conditions: - : ,

(a) During the recording of)images from an x-ray image intensifier tube using photographic

v N

film or a video camera when'an’x-ray source is operated in pulse mode.

"< (b)When an optional high-level control is activated, the equipment may not be operable at
any combination of tube potential and current that will result in an air kerma rate in excess of 20
cGy/minute (23 R/min) at thé point where the center of the useful beam enters the patient. Special
‘means of activation of the high-level controls shall be required. The high-level control shall only be
operable when the operator provides continuous manual activation. A continuous signal audible to
the fluoroscopist shall indicate that the high-level control is being employed. :
P LR | L SR - v ,
(4) AIR KERMA MEASUREMENTS; (a) Annual measurements of both typical and

. s

maximum air kerma shall be made by a medical physicist or a person approved by a medical
physicist. ) ,

Note: Materials should be placed in the useful beam to protect the imaging system when
conducting these pgriodic'mea'su\réments. Air kerma measurements do not include backscatter

radiation. ;-

{2) (b) Measurements shall be made annually or after any maintenance of the system that
may affect the air kerma. ’ “ . .

{b) (c) Conditions of periodic measurement of typical entrance air kerma rate are as follows:
" 1. The kVp, mA or other sélectable parameters shall be adjusted to those settings typical of’
clinical use on a patient with a 23-centimeter thick abdominal measurement. t
" 2. An x-ray system that incorporates automatio exposure rate control shall have sufficient” ~
attenuating material placed in the useful beam to produce a milliamperage or kilovoltage to
simulate a patient with a 23 centimeter abdominal measurement._ : v

3: (d) Conditions of periodic measurement of maximum entrance air kerma rate are as

follows:™

~ al.The kVp, mA or other selectable parameters shall be adjusted to those settings that
give the maximum entrance air kerma rate. . R

b 2. An x-ray system or systems that incorporate automatic exposure rate control shall have
sufficient attenuating material placed in the useful beam to produce.the maximum entrance air
kerma rate of the system. .

4- (e) Compliance shall be determined as follows:
~al lfthe source'is bekv)"vx‘r tﬁé)‘(’-g'éy_’iéble, th.ek éxbo_sij}e rate shall be measured one
centimeter above the tabletop or cradle attachment that allows the. proper positioning of the patient:
in relation to an x-ray tube.
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b 2. If the source is above an x-ray table, the exposure rate shall be measured at 30
centimeters above the tabletop with the end of the beam-limiting device or spacer positioned as
closely as possible to the point of measurement. '

€ 3. For a C-arm type of fluoroscope, the exposure rate shall be measured 30 centimeters
from the input surface of the fluoroscopic imaging assembly with the source positioned at any
available SID, provided that the end of the beam- -limiting device or spacer is no closer than 30
centimeters from the input surface of the fluoroscopic imaging assembly.

d 4. For a lateral type fluoroscope, the exposure rate shall be measured at a point 15
centimeters from the centerline of the x-ray table and in the direction of the x-ray source with the
end of the beam-limiting device or spacer positioned as closely as possible to the point of *
measurement. If the tabletop is movable, it shall be positioned as closely as possible to the lateral
x-ray source with the end of the beam-limiting device or spacer no closer than 15 centimeters to
the centerllne of the x-ray table.

e 5 The entrance air kerma rate shall be measured in‘a manner that excludes scatter” ,
contributions from any attenuating material placed into the useful beam or from the image receptor.

f 6. Fluoroscopic units used for therapy simulation are exempt from subd. pars. d and e.

. (5) BARRIER TRANSMITTED RADIATION RATE LIMlTS (a) The exposure rate due to
transmission through the primary protective barrier with the attenuatron block in the useful beam, .
combined with radiation from the image intensifier, if provided, may not exceed 20 uGy (2.15
milliroentgens) per hour at 10 centimeters from any accessible surface of the fluoroscopic imaging
assembly beyond the plane of the image receptor for each 1.0 cGy (one roentgen) per mrnute of
entrance air kerma rate.

(b) Measurement of barrier transmission rates shall meet all the followrng crrtena

1 The exposure rate due to transmission through the primary protective barrier combined °
with radiation from the image intensifier shall be determined by measurements averaged over an
area of 100 square centimeters with no linear drmensron greater than 20 centrmeters

2 lf the source is below the tabletop, the measurement shall be made with the rnput surface’
of the ﬂuoroscoprc rmagrng assembly posrtroned 30 centrmeters above the tab!etop

3. If the source is above the tabletop and the SID is variable, the measurement shall be . o
made with the end of the beam-limiting device or spacer as close to the tabletop as it may be
placed, provrded that it may not be closer than 30 centrmeters

4. Movable grids and compressron devices shall be removed from the useful beam duridg
the measurement. o .

(6) INDICATION OF POTENTIAL AND CURRENT. During fluoroscopy and
cinefluorography, the kV and the mA shall be continuously indicated.

,,,,,

than one of the followrng
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(a) Thirty-eight centimeters on stationary fluoroscopic systems manufactured on or after
August 1, 1974: " N

v

"' (b) Thirty-five and one-half centimeters on stationary fluoroscopic systems manufactured
prior to August 1, 1974.

(c) Thirty centimeters ofl all mobile ﬂuéroécobes,'éxcept"as provided in par. (d).

1

(d) Twenty centimeters for all mobile ﬂdoroscopes when used for specific surgical
applications. ) '

_ (8) ‘F'LUORQSE_:'()PV'IC 'I:IMER (a) A method shall be available to preset the cumulative on--
time of the fluoroscopic x-ray tube. The maximum cumulative time of the timing device may not
exceed 5 minutes withqut resetting. ; ) : Do ~

(b) A signal audible to the ﬂhoroscopist shall indicate the completion of any preset
cumulative on-time. The signal shall continue to sound while x-rays are produced until the timing
device is reset. As an alternative to the requirements of this subsection, radiation therapy
simulators may be provided with a means to indicate the total cumulative exposure time during
which x-rays were produced, and which is capable of being reset between x-ray examinations.

(9) CONTROL OF SCATTERED RADIATION. (a) Fluoroscopic table designs when
combined with procedures utilized may not expose any unprotected part of any staff or ancillary
individual's body to, unattenuated scattered radiation originating from under the table. The
attenuation required shall be not Iéss than 0.25-millimeter lead equivalent.

(b) No portion of a’ny’ staff or ancillary person’s body, except the extremities, may be
exposed to the unattenuated scattered radiation emanating from above the tabletop unless either
of the following conditions are met:

1. The person is at least 2 meters from the nearest part tb the patient’s body being struck
by the useful beam or from the image receptor. : SR

2. The radiation has péss@aci fh‘rbugh not less than 0.25 millimeter lead equivalent material
including drapes, panels or self-supporting curtains, in addition to any lead equivalency provided
by the protective apron. . . )

N (+)] The department fnay grant exérﬁptions to lead drapes where a sterile field will not permit
the use of the normal protective barriers only if the use of pre-fitted sterilized covers for the barriers
is impractical. . . A . ' :

Note: See Appendix N for a list of fluoroscopic procedures where an exemption will-be is
automatically granted. . , - ‘ o

(10) SPOT FILM EXPOSURE REPRODUCIBILITY. Fluoroscopic systems equipped with
analog spot film mode shall meet the exposure reproducibility requirements ' when operating in the
spot film mode. ) : ‘ . ' ’ -

(1’1 ) RADIATION THERAPY SIMULATION SYSTEMS. Radiation therapy simulation
systems are exempt from all the following: -

(a) Subsection (3).

246

N



(b) Subsections (1) and (5) ‘provided that no individual other than the patlent is in an
x-ray room during perlods of time when the system is producmg x-rays

" (¢) Subsectlon (8) if the systems are provnded with a means of lndlcatlno the . .‘ -
cumulatlve time that an individual patient has been exposed to x-rays. Procedures shall .
require that the timer be reset between examinations.

(12) EQUIPMENT OPERATIONS. () The registrant shall allow the operatlon of x- -ray.-
fluoroscopy systems only under the direct supervnsnon of a medical Ilcensed practitioner.

(b) AII imaging formed by the fluoroscoplc Xx-ray systems shall be viewed, directly br
indirectly, and interpreted by a licensed medical practitioner. .

:
i
;e -

. {c) Fluoroscopy systems shall not be used as a positioning tool for oen‘eral purpose’
radiographic examinations which would not normally involve fluoroscopy.

HFS 157.77 Radwgsaphrs—systems—other-than—ﬂuoreseeprs—dentahntrao;am

computed-tomography-x-ray-systems-General purpose radiographic systems. (1) BEAM .
LIMITATION-EXGEPT-MAMMOGRAPHIG-SYSTEMS. (a) Collimation. The useful beam shall be
limited to the area of clinical interest.” This requirément is met if a positive beam- -limiting device
meeting manufacturer’s specifications has been properly used or if evidence of collimation is
shown on at least 3 sides or 3 corners of the film. Mammoqraphv systems are exempt from the
collimation reqmrement

P - S
’ - < b

(b) General purpose stationary and mobile x-ray systems. General purpose statlonary and
mobile x-ray systems, including vetennary systems other than portable shall meet both of the
following requsrements

1. Only x-ray systems provnded with means for independent stepless adjustment of at least )
2 dimensions of the x-ray field may be used.

2. A method shall be provided for visually defining the’ penmeter of the x-ray f éld. The total
misalignment of the edges of the visually defined fi eld with the respective edges of the x-ray fi field”
along either the length or width of the visually defined field may not exceed 2 percent of the .
distance from the source to the center of the visually defined field when the surface upon which it
appears is perpendlcular to the axis of the x-ray beam.

R
-~ vy

(c) Statlonary general purpose x-ray systems Statlonary general purpose x-ray systems
both certified and non-certified, shall meet all the followrng requnrements )

1. A method shall be provrded to mdlcate whéh thé axis of the x-ray beam is perpendlcular ‘
to the plane of the image receptor, to align the center of the x-ray field with respect to the center of
the |mage receptor to w:thln 2 percent of the SlD and to lndlcate the SID to w:thln 2 percent

Y.

2. The beam- Ilmmng devnce shall mdlcate numencally the field size in the plane of the'
image receptor to which it is adjusted.

“

-

3. Field size dlmensmns and SIDs shall be specnf ed in inches or cen’umeters and shall .
ensure that aperture adjustments result in x-ray field drmensnons in the plane of the i rmage receptor

that correspond to those indicated by the beam-limiting device to within 2 percent of the SID when
the beam axis is indicated to be perpendicular to the plane of the image receptor.
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(d) X-ray systems designed for one image receptor size: Radiographic equipment designed
for only one image Teceptor size at a fixed SID shall be provided with-means to limit the field at the
plane of the image receptor to dimensions no greater than those of the image receptor, and to
align the center of the x-ray field with the center of the image receptor to within 2 percent of the
SID, or shall be provided with means to both size and align the x-ray field such that the x-ray field
at the plane of the image receptor does not extend beyond any edge of the image receptor.

(e) Miscellaneous and veterinary x-ray systems. X-ray systems other than those described
in pars. (a) to (c), veterinary systems installed prior to the effective date of this subchapter [revisor
to insert effective date] and all portable veterinary x-ray systems shall meet all of the following
requirements: . . ‘ ..

3

¥ = -

1. Means shall be provided to limit the x-ray field in the blanexogf:thé‘ image receptor so that
such field does not exceed each dimension of the image receptor by more than 2 percent of the
SID'when the axis of thg x-ray beam is perpendicular to the plane of the image receptor.

2. Means shall be provided to align the center of the x-ray field with the center of the image
receptor to within 2 percent of the SID, or means shall be provided to both size and align the x-ray
field such that the x-ray field at the plane of the image receptor does not extend beyond any edge
of the image receptor. - Compliance shall be determined with the axis of the x-ray beam - '
perpendicular to the plane of the image receptor. : .

" 3.The requirefrweﬁts in ’sUbdéy. 1. and 2. may be met with a co!limator,system that meets the
requirements for a general purpose x-ray system or, when alignment means are also provided,
may be met with either Qf the following; , R

‘ AL . S . .
a. An assortment of removable, fixed-aperture, beam-limiting devices sufficient to meet the
requirement for each combination of image receptor size and SID for which the unit is designed
with each such device having clear and permanent markings to indicate the image receptor size
and SID for which it is designed. ) g ;

. b. A beam-limiting device with multiple fixed apertures sufficient to meet the requirement for
each combination of image receptor size and SID for which the unit is designed. Permanent,
clearly legible markings shall indicat{a the image receptor size and SID that each aperture is
designed for and shall irjdicate: which aperture is in position for use:

o (2) RADIATION EXPOSURE CONTROL. (a) Exposure initiation. Means shall be provided
to initiate the radiation exposure by a deliberate action on the part of the operator, such as the

depression of a switch. Radiation eprsure;shaﬂ may not be initiated without such an action. In
addition, i 5 i initi exposure may not be initiated when the

timeris setto a "zero" or "off" position if either position is provided. .

§ Y

(b) Exposure indiéation:’; Means shall be provided for, visual indication observable at or from
the operator’s protected position whenever x-rays are produced. In. addition, a signal audible to the
operator shall indicate that the exposure has terminated. -

(c) Exposure termination. Means shall be provided to terminate the exposure at a preset
time interval, preset product of current and time, a preset number of pulses or a preset radiation
exposure to the image receptor. Except for dental panoramic systems, termination of an exposure -

shall cause automatic résetting of the timer to its initial setting or to "zero.”

248



(d) Manual exposure control. An x-ray control shall Sbe incprporéted into each x-ray System
so that the operator may terminate an exposure at any time except for any one of the following:

1. Exposure of 0.5 second or less.
2. During serial radiography when means shall be provided to permit completion of any
single exposure of the series in process. )

(e) Automatic exposure controls. When an automatic exposure control is provided, it shall
meet all the following requirements: v ‘

1. Indication shall be made on the control panel when this mode of operation |s selected.

201 the x-ray tube potential is equal to or greater than 50 k\_/p?ihé minimum exposure time’
for field emission equipment rated for pulsed operation shall be equal to or less than a time interval
equivalent to 2 pulses.

- 3. The minimum exposure time for all equipment other than field éfniééién equipment shall
be equal to or less than one-sixtieth {1/60) second or a time interval required to deliver 5 mAs,
whichever is greater. ) I - s

4. Either the product of peak x-ray tube potential, current, and exposure time shall be o
limited to not more than 60 kWs per exposure, or the product of x-ray tube current and exposure
time shall be limited to not more than 600 mAs per ‘exposure except that, when the x-ray tube
potential is less than 50 kVp, the product of x-ray tube current and exposure time shall be limited to

not more than 2000 mAs per exposure. © ‘ ) e e
5. A visible signal shall indicate When an exposute has been terminated and mantual
resetting shall be required before further automatically timed exposures can may be made.

(f) Exposure duration linearity. For systems having independent selection of exposure time
settings, the average ratios of exposure to the ihdicatgd tirh_er setting, in units of .001rﬁGy/§ (mR/s),
obtained at any 2 clinically used timer settings may not differ by more than 0.10 times their sum as ;
expressed as: ‘ ‘

: (X1-X2) £ 0.1 (X4 + Xp) S
where X;.and X; are the average .001 mGy/s (mR/s). ’

(9) Exposure control location. The x-ray exposure control shall be placed so that the., |
operator may view the patient while making any exposure and at least 3 feet from the ‘end of the
protective barrier. ) c LR ’ ' o )

ST o-n

(h) Operator protection, except veterinary systems. X-ray systems, excluding veterinary ‘
systems, shall meet all the following requirements to protect the operator during system use, as
applicable: . ‘

1. Stationary x-ray systems shall be re‘(qujr'ed:tc} 'have the x-ray contrdl Bé‘rnﬁéhént’ly' S
mounted in a protected area so that the operator is required to remain in that protected area during
the entire exposure. ) N S
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2. Mobile and portable x-ray systems used continuously for greater than one week in the
same location shall meet the requirements of stationary systems. A .

3. Mobile and portable x-ray systems used for less than one week at the same location
shall be provided with either a protective barrier at least 2 meters (6.5 feet) high for operator
protection during exposures or a means to allow the operator to be at least 2 meters (6.5 feet) from
the tube housing assembly during the exposure. :

(i) Operator protection for veterinary systems. All stationary, mobile or portable x-ray
systems used for veterinary work shall be provided with either a 2 meter (6.5 feet) high protective -
barrier for operator protection during exposures or a means to allow the operator to be at least 2
meters (6.5 feet) from the tube housing assembly during exposures. Persons restraining the
animal during radiography shall be protected with at least 0.5mm lead aprons and full coverage
gloves or full coverage mittens containing not less than 0.5mm lead equivalent material. The
exposure control may be foot operated.

(3) SOURCE-TO-SKIN DISTANCE. All mobile or portable radiographic systems shall be
provided with means to limit the source-to-skin distance to equal to or greater than 30 centimeters,

except for veterinary sjs,tferhs. . )

(4) AIR KERMA REPRODUCIBILITY. When all technique factors are held constant,
including control panelwsele;ctionys associateq with automatic exposure control systems, the
coefficient of variation of air kerma for. both manual and automatic exposure control systems may
not exceed 0.05. This requirement applies to clinically used techniques: '

‘ O o N L R v ‘.
(5) RADIATION FROM CAPACITOR ENERGY STORAGE EQUIPMENT IN STANDBY .
STATUS. Radiation emitted from the x-ray tube when the system is fully charged and the exposure
switch or timer is not activated may not exceed a rate of 0.2 cGy (2 milliroentgens) per hour at 5

centimeters from any accessible s_urfécé of the diagn'ostiq source assembly with the beam-limiting
device fully open. * * -

. (6) ACCURACY. De\;iation‘ of measured technique factors from indicated values of kVp and -
exposure time may not exceed the'limits specified for. that system by its manufacturer. In the . -
absence of manufacturer's' specifications, the deviation may not exceed 10 percent of the indicated
value for kVp and 10 percent for-time of the time limit.

(7) mA/mAs LINEARITY. X-ray equipment that is operated on a power supply as specified
by the manufacturer for any fixed x-ray tube potential within the range of 40 percent to 100 percent
of the maximum rated shall meet all the following requirements:

(a) Equipmeént having ‘indépénderjt §électiqn of x-ray tube current (mA). The average ratios
%) of exposure to the indicated milliampere-seconds product £
obtained at any 2 consecutive tube current settings may not differ by more than 0.10 times their
sum:

*

X=Xz £ 0.10 (X4+X3)

where X; and X; are the average values obtained at any of 2 consecutive tube current settings or
at 2 settings differing by no more than a factor of 2 where the tube current selection is continuous.

(b) Equipment having a combined x-ray tube current-exposure time product selector, but
not a separate tube current selector. The average ratios X} of exposure to the indicated
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milliampere-seconds product, in units of .001 mGy/mAs (er mR/mAs), obtained at any 2

- consecutive mAs selector settings may not differ by r'norga_ thqn’0:10 times their sum:

X1-Xz '< 010 (X3 +X5)

* where X; and X, are the average values obtained at ‘any 2 consecutive ‘mA’é selector éettings, or at
.2 settings differing by no more than a factor of 2 where the mAs selector provides continuous” , .

selection.

-

(c) Measuring compliance. Determination of compliance shall be based on 10 exposures
taken within a time period of one hour at each of the 2 settings. These 2 settings may include any
2 focal spot sizes except where one is equal to or less than 0.45 millimeters and the other is
greater than 0.45 millimeters. For purposes of this requirement, focal spot size is the nominal focal

spot size specified by an x-ray tube maprécturer. - ) ) et e

(8) ADDITIONAL REQUIREMENTS APPLICABLE TO CERTIFIED SYSTEMS ONLY. A
diagnostic x-ray system incorporating one or more certified components shall meet all of the )
following additional requirements that relaté to that certified component orcomponents:, ~ 7 7

(a) Beam limitation for stationary and mobile general purpose x-ray systems. Stationary and
mobile general purpose x-ray systems shall meet all the following beam\limitatidn requirements: .

1. There shall be provided a means of stepless adjustment of the size of the x-ray field.." .
The minimum field size at a SID of 100 centimeters shall be equal to or less than 5 centimeters by
5 centimeters. . ) e

2. When a light localizer type of collimator is used to define the x-ray field, it shall provide .,
an average illumination of not less than 160 lux or 15 footcandles at 100 centimeters or at the
maximum SID, whichever is less. The average illumination shall be based upon measurements
made in the approximate center of each quadrant of the light field. Radiation therapy simulation _. .
systems manufactured on and after May 27, 1980, are exempt from this requirement. '

- ~3..The edge of the light field at 100 centimeters or at the maximum SID, whichever is less,
shall have a contrast ratio, corrected for ambienit lighting, of not less than 4 in the case of beam- "
limiting devices designed for use on stationary equipment, and a contrast ratio of not less than 3 in
the case of beam-limiting devices designed for use on mobile equipment. , The contrast ratio is . '
defined as I/l where 1, is the illumination 3 millimeters from the edge of the light field toward the . .
center of the field; and I, is the illumination 3 millimeters from the edge of the light field away from °
the center of the field. Compliance shall be determined with a measuring instrument aperture of
one millimeter in diameter, e T e

(b) Beam limitation and alignment on stationary general purpose x-ray systems equipped
with PBL. If PBL is being used, the x-ray system shall meet all of the following requirements:

1. PBL shall prevent the production of x-rays when itHer one of the followihg ‘osccurs}. o

a. The length or width of the x-ray field in the plane of the image receptor differs, except as
permitted by manual override, from the corresponding image receptor dimensions by more than 3 .
percent of the SID.:- n e s SR Tt '

4 i - i - v

b. The sum of the length and width differences, without regard to positive or negative
mathematical sign, exceeds 4 percent of the SID.
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2. Cdmplianc(e:fca):l:‘qxqt')'sure lockibut\éha!l be determined when the equipment indicates that
the beam axis is perpendicular to the plane of the image receptor. Compliance shall be
determined no more than 5 seconds after insertion of the image receptor.

3. The PBL system shall be capable of operation, at the discretion of the operator, such that
"the'size of the field may be made smaller than the size of the image receptor through adjustment of
the field size. The minimum field size at a SID of 100 centimeters shall be equal to or less than 5
centimeters by 5 centimeters.

4. The éBI;’ ‘sysiem s'_haillbé designed such that a change in‘imaée receptor must causes
the automaticretumto PBL. . . . o Y .

(c) Beam limitation for bbrtéble x-ray syster%s. Beam limitation for portable x-ray systems
shall meet the beam limitation requirements for manual collimators.

'(9) TUBE STANDS FOR PORTABLE X-RAY SYSTEMS. A tube stand or other mechanical
support shall be used for portable X-ray systems so that the x-ray tube housing assembly need not
be hand-held during exposures.

. HFS 157.78 Intraoral dental radiographic systems. (1) GENERAL: In addition to the
provisions of ss. HFS 157.74 and 157.75, the requirements in this section apply to x-ray equipment
and associated facilities used for dental radiography. Requirements for extraoral dental
radiographic systems are contained in s. HFS 157.77. . '

£H(2) SOURCE-TO-SKIN DISTANCE {SSD). X-ray systems designed for use with an
intraoral image receptor shall be provided with means to limit SSB source-to-skin distance to not
less than either one of th'e,follgwing:

(a) 20 centimeters (8 ini:hes) if bperablé above 50 kVp. Beam-limiting devices shall be lead

lined. . :
_(b) 10 centimeters (4 inches) if operable at 50 kVp only. Beam-limiting devices shall be

lead lined. ) S © : .

- - - . Ymy s T . . o oo - 3 L P '

T 2)(3) BEAM LIMITATION. Radiographic 'systems designed for use with an intraoral image
receptor shall be provided with r'near!'sdo limit the x-ray beam such that the beam at the minimum” "
SSD'shall be contained in a circle having a diameter of no more than 7 centimeters. IS

" {3)(4) RADIATION EXPOSURE CONTROL. Intraoral radiographic systems shall meet all of

the following expostire control requirements:
() EprSyre initiation. Means shall ‘befprovided‘ to initiate the radiation exposurebya. .’
deliberate action on the part of the operator, such as the depression of a switch. Radiation
exposure may not be initiated without such an action. An exposure may not be made when the
timer is set to a "zero" or "off" position if either position is provided.

" (b) Exposure indication. Means shall be provided for visual exposure indication observable °
at or from the operator's protected position whenever X-rays are produced. In addition, a signal
audible to the operator shall indicate that the exposure has terminated. -
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(c) Exposure termination. Means shall be provided to terminate the exposure at a preset
time interval, preset product of current and time, a preset number of 'pplqés or a preset radiation
exposure to the image receptor. Termination of an exposuré shall cause automatic resetting of the
timer to its initial setting or to "zero” except for panoramic systems that may pause during the
exposure cycle. e T e e e

IR T RSV R EE I # 1

(d) Exposure control location and operator protection. An x-ray system shall meet all the
following requirements, as applicable, to ensure operator protection during péi_e of thgz system:
. -1. A stationary x-ray system shall have an x-ray exposure control that may be movedtoa -
protected area so that the operator is required to remain in that protected area during the entire
exposure. The exposure cord shall be of sufficient length to allow the operator to be at least 2
meters (6.5 feet) from the x-ray tube head and not in the direction the tube'is pointed. The .
operator shall be able to determine when the exposure has completed either by audible tone or by
visible signal. o .- .

2."A mobile or portable x-ray system that is used for greater than one week in the same
location, i-e-; which is a room or suite, shall meet the requirements of stationary dental equipment.

.3. A mobile or portable x-ray system that is used for less than one week in the same
location shall be provided with either a protective barrier at least 2 meters (6.5 feet) high for = "
operator protection or means to allow the operator to be at least 2 meters (6.5 feet) from the tube

- -

housing assembly while making exposures. - - !

. - Ty - " g : ) ) LI r - A
{4(S) REPRODUCIBILITY. When the equipment is operated on an adequate’ power supply
as specified by the manufacturer, the estimated coefficient of variation of air kerma may be no
greater than 0.05 for any specific combination of selected technique factors! Co
5){6) mA/mAs LINEARITY. X-ray equipment that is operated on a power supply as_
specified by the manufacturer for any fixed x-ray tube potential within the range of 40 percent to
100 percent of the maximum rated shall meet all of the following requirements: )

- Se

..~(a) Equipment having independent selection of x-ray tubé ‘current {mA). The average ratios "
%) of air kerma to the indicated milliampere-seconds product, in Gnits of .001 mGy/mAs T
(mR/mAs), obtained at any 2 consecutive tube current settings may not differ by more than 0.10
times theirsum:. « . | - s e oo el ST DAL IR T
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where X, and X; are the ayerage values obtained at each of 2 tonsecutive tibe curiént Settings, or”
at 2 settings differing by no more’than a factor of 2 where the tube current selection is continuous.
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" (b) Equipment having a combined x-ray tube current-exposure time p‘r'o'dyct selector but not
a separate tube current {mA) selector. The average ratios {%) of air kerma to the indicated o
milliampere-seconds product, in units of .001 mGy/mAs (mR/mAs),"obtained at any 2 consecutive

mAs selector settings may not differ by more than 0.10 times their sum: B

- Xi-Xz 22010 (X #X) -~ s

.
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where X, and th are the average values obtained at any 2 consecutive mAs selector‘s_ett'ings, or at
2 settings differing by no more than a factor of 2 where the mAs seleg:to:r'provide,s ,congir]qous

- S

selection. -~ et . PR
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() Measuring compliance. Determination of compliance shall be based on 10 exposures -
, taken within a time pc{rigd of one hour at each of the 2 settings. . The 2 settings may include any 2
focal spot sizes except where one is equal to or less than 0.45 millimeters and the other is greater
than 0.45 millimeters. For purposes of this requirement, focal spot size is the nominal focal'spot
size specified by an x-ray tube manufacturer. :

. £6)(7) ACCURACY. Deviation of technique factors from indicated values for kVpand -
exposure time, if time is independently selectable, may not exceed the limits specified for that
system by its manufacturer., In the absence of manufacturer's specifications the deviation may not
exceed 10 percent of the indicated value for kVp and 10 percent for time. S

(-7-)@ KVP .LMIMITAA"I’li(jNé::DeAﬁtaI ilrlay machines with a nominal fixed kVp of less than 50
kVp may not be used to make diagnostic dental radiographs of humans.

{8)(9) ADMINISTRATIVE CONTROLS. (a) Intraoral film holding devices shall be used.
' (b) The tube hodéi‘n‘g'and‘:the cone may.not be hand-held —during an exposure.

(c) The tube shall be stationpary during exposure, except for panoramic systems. Any
oscillation of the tube head shall cease before exposure is made. '

" HFS 157.79 Veté’rﬁwéﬁ medicine x-ray systems. (1) GENERAL. The requirements of this’
section apply to all animal use x-ray systems used in veterinary practice and are in addition to
other provisions in subchs. land lIl. - , = oo T C

(2) EQUIPMENT‘.fia)“_The tube ﬁousirig shall be electrically shock: proof and of a diagnostic’
type. The x-ray tube may not be hand-held during exposures.

'

»»»»»

. .(b) A device s‘hallibé,,provided to terminate the exposure after a preset time or exposure. -

(c) A deadman type of é)?bosufé ‘switch shall be provided with an electrical cord of sufficient
length so that the operator may stand out of the useful beam and at least 2 meters (6.5 feet) from

the animal during all x-ray exposures. A foot operated exposure switch may be used.

R vy Sy
ha i L I -
B

S, aemovor - se T
(3) OPERATING PROCEDURES. (a) The operator shall stand at least 2 meters: (6.5 feet)
from the tube housing and the animal during radiographic exposures. The operator may not stand
in the useful beam. Hand-held fluoroscopic screens may not be used. The tube housing may not
be held by the operator. No person other than the operator may be in an x-ray room while
exposures are being made unless another person's assistance is required.
" (b) During any application in which the operator is not located behind a protective barrier,
the operator and any other persons in the room during exposures shall wear protective clothing
consisting of a protective apron having a lead equivalent of not less than 0.5 millimeter unless '

measurements indicate otherwise. , . - . P -

(c) Any person holding orﬂsu‘ppdriin;q' an animal or the film during radiation exposure shall
wear protective gloves that surround the hand and a protective’apron having a lead equivalent of
not less than 0.5 millimeter. Devices that only partially shield the hands are prohibited.

y e - Yol Yok ! - . .
" (d) Veterinary fluoroscopy systems shall be operated only under the direct
supervision of the licensed veterinarian.
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(4) ANIMAL SUPPORT Mechanical restraints shall be used to restnct movement of the
animal unless the restraints interfere with the examination of the animal. No persons may be
regularly utilized to hold or support animals during radratlon exposures. Operating personnel may
not perform this service except in cases where no other person is available.

HFS 157.80 Computed tomography x-ray systems. (1) EQUIPMENT REQUIREMENTS.
A computed tomography (CT) x-ray system shall meet all of the following requnrements as
applrcable

i

(a) Termmat/on of exposure Means shall be provided to terminate the 3 x—ray exposure
automatically by either de-energizing the x-ray source or shuttering the x-ray beam in the event of
equipment failure affecting data collection. The termination shall occur within an lnterval that limits
the total scantime to no more than 110 percent of its preset value through the use of either a back-
up timer or.devices which monitor equipment function. A visible signal shall |nd|cate when the x-
ray exposure has been terminated.” The operator shall be able to terminate the x-ray exposure at
any time during a scan, or series of scans under CT x-ray system control, of greater than one—half
second duration.

: - (b) Tomographic plane indication and alignment. A computed tomography x-ray system
shall meet all of the following plane indication and alignment requirements, as applicable: -~

1. A'single tomogram system shall allow for visual determmatlon of the tomographlc plane
or a reference plane offset from the tomographlc plane ‘ L =

2. A multiple tomogram system shall allow for vnsual determlnatron of the locatron of a
reference plane. o

Note: The reference plane may be offset from the locatlon of the tomoqraphrc planes.

é

3. lf a device usrng a llght source is used to satisfy the requnrements in subd. 2 the light ~
source shall provide illumination levels sufficient to permit visual determination of the locatlon of
the tomographrc plane or reference plane under ambrent light conditions of up, to 500 lux

(c) Beam-on and shutfer status indicators and control switches. The CT x-ray control and ]
gantry shall provide visual indication whenever x-rays are produced and, if applicable, whether the
shutter.is open or closed.” Each emergency button or switch shall be clearly labeled as to |ts
function.,

" .(d) Indication of CT conditions of operation.’A CT x-ray system ‘'shall be de5|gned such that
the CT conditions of operation to'be used during a scan or a scan sequence shall be indicated
prior to the initiation of the scan or.a scan sequence. On equrpment having all or some of these ~~
conditions of operation at fixed values, this requirement may be met by permanent markings.
Indication of CT conditions of operation shall be vusrble from any posrtlon from Wthh scan |n|t|at|on
is possible. T - o, e

¢ ! 4 - SN .-

(e) Max;mum sun‘ace CTDI100 identification. The angular position where the maxrmum
surface CTDI100 occurs shall be identified to allow for reproducuble positioning of aCT dosxmetry
phantom.
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() CT x-ray systems containing a gantry manufactured after September 3, 1985. A
computed tomography x-ray system containing a gantry that was manufactured after September 3,
1985, shall meet ’allath(e,,following requirements: - o

1. The total error in the indicated location of the tomographic plane or reference plane may
not exceed 5 millimeters.
© 2. If the x-ray production period is less than one-half second, the indication of x-ray
production shall be actuated for at least one-half second. Indicators at or near the gantry shall be
discernible from any point external to the patient opening where insertion of any part of the human
body into the primary beam ils possible. .
. - > - . Lot L i !
3. The deviation of indicated scan increment versus actual increment may not exceed plus
or minus one millimeter with any mass from 0 to 100 kilograms resting on the support device. The
patieht support device shall be incremented from a typical starting position to the maximum
incremented distance or 30 centimeters, whichever is less, and then returned to the starting

position. Méasurement of éctual/vgréus indicated scan increment may be taken anywhere along -
this patient support device movement distance. ;

1

_4. Premature termination of the x-ray exposure by the operator shall necessitate resetting of
the CT conditions of operation prior o the initiation of another scan. - ‘ -

(2) OPERATING PROCEDURES@ (a) A CT x-ray system may only be operated for
diagnostic procedures by an American registry of radiologic technolo ists by-a certified
person who has been specifically trained in its operation.

) Infbrrnét'iéﬁ,'sbélli be available at the control panel regarding the operation and
calibration of the system. The information shall include all of the following components:

" " '1. Dates of the latest calibration and spot checks and the location within the facility where
the results of those tests may be obtained. o : -

2. Instructions on the use c‘af;thé' CT dosimetry phantom ini:lludihg a schedule of spot checks
appropriate for the system, allowable variations for the indicated parameters and the results of at
least }he most recent spot checks conducted on the system. e

3. The distance in millimeters between the tomographic bla'ne énd the reference plane ifa
reference plane is utilized.

. 4. A current technique chart available at the control panel, which specifies for each routine
examination,thg CT conditions of operation and the number of scans per examination including . . -
body part size and correct kV/mA for that body part. The technique chart shall be used to:
adjust techniques based on thé body part being examined.: - -

(c) Calibration and spot check measurements shall be made at a frequenc N
recommended by the manufacturer. If the calibration or spot check of the CT x-ray system
identiﬁgg that a system operating parameter has exceeded a tolerance established by the medical
physicist, use of the CT x-ray 's'ystem on patients shall be limited to those uses permitted by
established written instructions of the medical physicist.

(d) A facility shall follow the manufacturer's daily start up routines and preventative
maintenance schedules for a specific computed tomography x-ray system.
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HFS 157.81 Shielding plan review. (1) PLAN REVIEW AND APPROVAL.. Prior to
construction, the floor plans, shielding specifications and equipment arrangement of all new
installations, or modifications of existing installations, utilizing ionizing radiation machines shall be
submitted to the department for review and approval

MR Note: Plans may be mailed to the department at: Department of Health and Famlly
Services, Radiation Protection Section, P.O."Box 2659, Madison WI 53701-2659 or package ‘
delivery to: Department of Health and Family Services, Radtatlon Protectlon Sectlon Room 150, 1
West Wilson St, Madison WI 53702-0007. -

(2) EXEMPTIONS Dental mammography, and bone density devrces are exempt from this
section. .

(3) PLAN SUBMITTAL REQUIREMENTS (a) A shielding plan fora facility wuth two or more
X-ray rooms shall include a medical physwrst recommendatron for shleldmg ’ .

(b) A shreldrng plan submitted for department revnew shall include all of the followmg
1 The maxrmum rated technique factors of each machrne

2. A scale drawing of the room in which a statronary radiation machine system |s located .
with such drawing mdlcatlng the use of areas adjacent to the room and an estimation of the extent
of occupancy by a person in such areas. In addition, the drawing shall rnclude all of the followmg.

a. The type and thlckness of materials, or Iead equrvalency, of each protectrve barner

b. The use and occupancy of the areas surroundlng an x-ray room, rncludlng occupied
areas above or below the an x-ray room.

c. The construction materials used for the ﬂoor and celhng, if appropnate .

{c). The operator booth descnbed in the shlelqu plan shall be desrqned to meet all
the following requirements:

1. The view area of the window shall be at least 0.09 m? (144 sqaure inches).

2. The window shall be placed so that the edge of the view window is at least 0.45
meters (18 inches) from the end of the barrier. The window shall be placed so that the
patient may be observed at all times and each ‘entrance to the room is observed from the ,
operator position. Patient and-entrance observation may be accomplished by the use of

electronic devices or mirrors.

o [ ey Y

3. The shlelqu value of the wmdow shall be equal to the wall in whlch iti IS mounted.

.~

4, Booth walls shall be 2.1 meters (7 feet) in helqht and permanently attached to the ‘
floor or walls. The booth shall be at least 1.3 meters {4 feet) from the nearest vertical

cassette holder or 0.3 meters (one foot) from the nearest corner of the examining table.

[ RO TN
— P

5. When a door or moveable panel is used as an integral part of the booth structure,
it shall have a permissive device that prevents an exposure when the door or panel is not

closed.
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6. Verbal communication with the patient shall be possible at all times during the x-
ray procedure. - ; -

t

' (4) OPERATIONAL ANALYSIS. The department may require additional modifications to a*
shielding plan after initial approval of the plan if a subsequent analysis of operating conditions
indicates the possibility of a person receiving a dose in excess of the limits prescribed in ss. HFS
157.22 (1) and (5) to (8) and 157. 23 (1) and (2)., An existing x-ray room constructed using 5
mSv (500 mR) as the public exposure limit may continue to operate without modification’
until the x-ray equipment is replaced or the room is modified. . :

’ HFS 157.82 General administrative requirements for facilities using therapeutic
radiation machines for human use. (1) ADMINISTRATIVE CONTROLS. A registrant shall be
responsible for directing the operation of the therapeutic radiation machines that have been
registered with the department. All persons associated-with-the-operation-of operating a
therapeutic radiation machine shall be instructed in and shall comply with  the provisions of the -
radiation safety requirements of ss. HFS 157.22 (1) and (5) to (8) and 157.25 (2). A therapeutic
radiation machine that does not meet the provisions of this subchapter but is of a type accepted by
the US food and drug administration shall may not be used for irradiation of human patients.

(2) TRAINING FOR EXTERNAL BEAM RADIATION THERAPY AUTHORIZED USERS. (a)
A registrant for any therapeutic radiation machine, except dermatology units under 150 kV, shall
require the authorized user to be a physician who meets any of the following requirements:

1. Certified or board ‘élig’;ible in one or more of the folloWing:
a. Radiology or therap‘eutic radiology by the American board of radiology.
b. Radiation énéology by the American osteopathié board of radiology.

c. Radiology, with specialization in radiotherapy, as a British "Fellow of the Faculty of

Radiology"” or "Fellow of the RoyaI“Col'lege of Radiology”.

'
1 ’

d. Therépeutic ‘radi.ézlogvy“by tﬁle Canadian royal cﬁl?ége 6f ph}sii:ians and surgéons.

2. Actively practices therapeutic radiology and has completed all of the following: .
.8, The radiation therapy residency.
 b. Two hur‘!dr,edxﬁq‘ix‘rs:c;f instruction in bésic radiation teq;rjﬁi'qijes applicable to the use of an-
external beam radiation thera;?y unit. = . - _ : ‘ v

c. Five hundred hours of supervised work experience in therapeutic‘ radiology.

" 4" A 'minimum of 3'years of supervised clinical experience or 5 years of post graduate
clinical experience in therapeutic radiology. SR
3. Hajé equivalent training and submits the training of the prospective autherized user -
physician for department review on a case-by-case basis.

{
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-(b) A dermatologist using x-ray units under 150 kV shall be board certified in dermatology.or
have 40 hours of instruction and 100 hours of supervised therapeutic work using x-ray units for the
treatment of skin diseases.

(3) VISITING AUTHORIZED USERS. A registrant may permit any physician qualified under
sub. (2) to act as a visiting authorized user undeér the term of the registrant's regrstratlon for up to
60 days per calendar year under all the following conditions: i

(a) The visiting aathenzed user has the prior written permission of the registrant's
management and if the use occurs on behalf of an mstrtutron the institution’s radiation safety
committee.

- (b) The registrant maintains copies of all records documentlng the qualifications of the
vrsmng aethenzed—user for3 years from the date of the last visit.’ . :

(4) MEDICAL PHYSICIST SUPPORT. (a) The services of a medical physncrst is
requnred in facnlltles having one or more therapeutlc radlatlon machines. = P

- (a)(_) The registrant for any therapeutrc radiation machine shail requrre the medical
physrcrst to have any of the following: ‘

1. Certlﬂcatlon by the*,f\merlcan board of radio[ogy in one or more of the foliowing: ~
Ka. Therapeutic radiological physics. ‘

b. Roentgen-ray and gamma-ray physics.
c. X-ray and radiim physics.
d. Radlologrcal physrcs

2 Certrf catron by the American board of medlcal physrcs in radiation oncology physrcs

3 Certification by the Canadian college of medical physrcs

> 4. A master's or doctor's degree in phys:cs blophysrcs radrologlcal physrcs or health
physrcs and have completed one year of full- time tralnlng in therapeutrc radiological physics . and
one yea.of full-time work experience under the supervrsron of a medical physicist at a medlcal .
institution. A person qualifying under this subdivision shall work under thé supervision of a
medical physicist qualified under subd. 1., 2. or 3. A registrant employing a physicist who
gualifies under this subdivision shall provide the department with a statement of training .. -
and experience, signed by the preceptor medical physicist or provide a letter from another -
state accepting the person as a therapeutic medical physicist. .

_(b)@ . ~ . T e - " aq '."\ ,,,2
radratren—maehmes- The medrcal physrcrst shall be responsrble for all of the followrng:

1 Full cahbratlons and protection surveys.

2. Supervision and review of dosimetry.
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3. Beam data acquisition and transfer for computerized dosimetry and supervision of its
use. : - -

4. Quality control, including quality control check review.
) N [ B o
5. Consultation with the physician user in treatment planning, as needed.

6. Performance of calculations and assessments regarding medical events.
7. Acceptance testing of the machine after any repair or service that may have
altered the machine’s performance characteristics.

{e)(d) If the medical physicist is not a full-time.employee of the registrant, the operating
procedures shall also specifically address how the medical physicist is to be contacted for
problems or emergencies, as well as the specific actions to be taken until the medical physicist can
may be contacted. :

(5) QUALIFICATION OF OPERATORS. (a) A person who will be operating a therapeutic
radiation machine for medical use shall be an American registry of radiologic technologists {ARRT)
registered radiation therapy technologist; oF} edi icist or a user - .-
authorized under sub. (2) or (3). A person who is not an ARRT registered radiation therapy
technologist shall submit evidence that he or she has satisfactorily completed a radiation therapy
technologist training program that complies with the requirements of the joint review committee on
education in radiologic technology. ‘-

Note: "Essentials and Guidelines of an Accredited Educational Program for the Radiation
Therapy Technologist”, Joint Review Committee on Edtication in Radiologic Technology, 1988,
establishes the requirements for a therapy technologist training program. The document is
available at: http://www.jrcert.org/.

° DY
(b) The names and training of all personnel currently eperating authorized to operate a
therapeutic radiation machine shall be kept on file at the facility. Information on former operators
shall be retained for a period of at least 3 years beyond the last date they were authorized to
operate a therapeutic radiation machine at that facility. ‘

(6) SAFETY PROCEDURES. Written safety procedures and rules shall be developed by a
medical physicist and shall be available in the control area of a therapeutic radiation machine,
including any restrictions required for the safe operation of the particular therapeutic radiation
machine. The operator shall be able to demonstrate familiarity with these rules. p

IERIAIT:

N L. e ta . ox 2 [N L AP U TE FF R S o
+ (7) RRESCRIRTION WRITTEN DIRECTIVE REQUIRED: Persons shall may notbe.:
exposed to the useful beam except for. medical therapy purposés and tnless exposure has been .
ordered in writing by a licensed-p actitionerof-tk i is-speci identi
registration physician user qualified under sub.

=0
z

(8) INFORMATION AND RECORDS. The registrant shall maintain all of the following
information in a separate file or package for each therapeutic radiation machine for inspection by
the department:

(a) Report of acceptance testing.
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(b) Records of all surveys, calibrations and periodic quality control checks of the therapeutic
radiation machine, as well as the names of persons who performed those' actlvmes

(c) Records of maintenance or modifications performed on the therapeutlc radiation
machines, as well as the names of persons who performed these servrces

(d) Signature of each person authorizing the return (of a therapeutic radiation machine to
clinical use after service, repair or upgrade.

) (9) RECORD RETENTION. All records requnred by sub. (8) shall be retalned for 3 years or
until disposal is authorized by the department. Any required record generated prior.to the last
department inspection may be microfilmed or otherwise archived ‘as long as a complete legible
copy of the record may be retrieved. a . .

HFS 157 83 Admmlstratlve policies and procedures for radiation therapy machines.
(1) WRITTEN POLICIES. A registrant shall have written policies and procedures to ensure that .
radiation will be administered as directed by an authorized user. The policies shall meet all of the’

followrng specrr c obJectrves e

*(a) Prior to admrmstratlon a written presenphen directive is prepared for any external
beam radiation therapy dose. A written revision to an existing written prescription directive may
be made provided that the revision is dated and signed by an authorized user prior to .. ..
administration of the external beam radiation therapy doseé or the next external beam radiation
therapy fractional dose. If, because of the patient's condition, a delay to provide a written revision
to an existing written preseription directive would jeopardize the patient's health, an oral revision to
an existing written preseription directive shall be acceptable provided that the oral revision is
documented immediately in the patient's record and a revised written p\cesenphen directive i S
signed by an authorized user within 24 hours of the oral revision. IO C e -

(b) Prior to the administration of each course of radiation treatments, the patlent's identity is
verified, by more than one method, as the person named in the written prescription directive.

-_(c) External beam radiation therapy final plans of treatment and related calculatrons are |
according to the respective written directives.

(d) Each admlmstratlon is accordrng to the wntten presenptren dlrectlve

- (e) Any unintended dewatron from the written preserrptren “directive is ldentlt" ed )
documented evaluated and appropnate actron is taken i e e

(2) DEVELOPMENT OF THE OPERATIONAL PROCEDURES PROGRAM. A therapy
device regrstrant shall do aII the follownng L o ..

(a) Develop an operatlonal procedures program that specmes staff dutles and
responsibilities, and equipment and procedures. The reglstrant shall |mplement the program upon
issuance of a certificate of registration by the department. ° N .

(b) Develop procedures for and conduct a review of the program including, since the last
review, an evaluation of a‘representative sample of patient admmlstratlons and all recordable
events to venfy comphance wrth all aspects of the operatlonal procedures program T

(c) Conduct program Teviews at mtervals not to exceed 12 months
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(d) Evaluétgéééh of thé reviews spec!:ﬁed in par. (b) to‘detérmiine the‘effectiveness of the

program and, if required, make modifications to meet the requirements of par. (b).

. T Lo N et T ' ! <o
(e) Maintain records of each review specified in par. (b), including the evaluations and’..
findings of the review, in an auditable form for 3 years.

(3) MEDICAL EVENTS. (a) A régistrant shall report any of the folloWing medical events:

1. A dose that differs from the, prescribed dose by more than 0.05 Sv (5 rem) effective dose
equivalent, 0.5 Sv (50 rem) to an organ or tissue or 0.5 Sv (50 rem) shallow dose equivalent to the
skin and any of the following exist: . -

a. The total dose delivered differs from the prescribed dose b); 20 percent or more.,

~ b.The ffactic;natéa dose deliv.e;‘r‘ed exceeds the prescribed dose, fora sihgle fraction, by 50
percent or more.’ ) - ’ : '

t

2. A dose that exceeds 0.05 Sv (5 rem) effective dose equivalenrt, 0.5Sv (50 rem) to an
organ,or tissue or 0.5 Sv (50 rem) shallow dose equivalent to the skin under any of the following
conditions: T . .

a. An administration of a'dose tcj‘\tﬁ'e wrong patient or human research subject. .

b. An adminaifstr‘atid‘n"df a‘d‘o‘se delivered by the wror)g'n’mde of treatment. -

‘3. Adose to an orgéh 6t]tsi§1é the intended treatment volurne that exceeds the expected
dose to that organ by 0.5 Sv (50 rem) where the excess dose is greater than 50 percent of the
expected dose to that organ. )

(b) ln'response'to a n;'e'dical eilent: a registfant shall do all of the following:
- : ) 1 4 " '

1. Notify their department head no later than the next calendar day after discovery of the
medical event. .

2. a. Submit a written report to the department within 15 working days after discovery of the
medical event. The written report shall include: the registrant’s name; the prescribing physician's
name; a brief description of the event; the effect on the patient; what improvements are needed to
prevent recurrence; actions taken to prevent recurrence; whether the registrant notified the patient
or the patient's responsible relative or guardian and if not, why not; and if the patient was notified,
what information was provided to'the patient. . T )

Note: Mail the report to the Department at: Department of Héalth and Family Services,
Radiation Protection Sfeggiop, PO Box 2659, Madison WI 53701-2659. - '

' b. The report in subd. par. a. may not include the patient's name or other information that -
could lead to identification of the patient. )

'3. Notify the referring physician an}d\’tﬁe‘ patient of the medical event no later than 24 hours
after the medical éyent’s‘dis'cévery, unless the referring physician personally informs the registrant .
either that he or she will inform the patient or that. based on medical judgment, telling the patient
would be harmful. The registrant is not required to notify the patient without first consulting the
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referring physician. If the referring physician or patient cannot be reached within 24 hours, the
registrant shall notify the patient of the medical event as So6n‘as possible. The registrant may not
delay any appropriate medical care for the patient, including any necessary remedial care as a
result of the medical event, because of any delay in notification. ‘ W

4. Retain a record of each medical event for 3 years. The record shall contain all of the
following: - « -, .o - 2 S

[P o

[
R

a. The names of all persons involved.

b. The patient's
unique identification number.

c. A brief description of the event, why it occurred and the effect on the patient. ..

d. What improvements are needed to prevent recurrence and the actions taken to prevent
recurrence. o S :

e. Whether the registrant notified the patient or patient’s guardian and if not, why not, and if
the patient was notified, what information was provided to the patient. ]

T b3
LRI S

f. If information \/\}aé n&t given to the patient at the direction of the referring physician, the
reason why the information was not given to the patient. N S o

5. If the patient was notified, furnish, within 15 working days after discovery of the medical
isadministration event, a written report to the patient by sending either a copy of the report that
was submitted to the department, or a brief description of both the event and the consequences as
they may affect the patient, if a statement is included that the report submitted to the department”
may be obtained from the registrant.

(5) RlGl—h’g.J Asidé from the no.tit'"lcation requirement, nothing in this section éffeci;s'ans}‘
rights or duties of registrants and physicians in relation to each other, patients or the pqtien}'s
responsible relatives or guardians. : N e - T

.- HFS 157.84 Technical requirements for facilities u‘;iﬁg _th@erapeutié_rédiation . .
machines. (1) RADIATION PROTECTION SURVEYS: (a) A registrant ‘shall ensure that radiation ~
protection surveys of all new facilities and existing facilities ‘not previously surveyed are performed
with an operable, calibrated survey instrument. The radiation protection survey shall be performed
by or under the direction of a medical physicist and shall verify that; with'the therapeutic radiation |
machine in a "BEAM-ON" condition, with the largest clinically available treatment field and with a
scattering phantom in the useful beam of radiation, all of the following requirements are met:

. - T

. o 3 \'. t s i - ot 03 LR IS ~ .
1. Radiation levels in restricted areas are not likely to cause personnel exposures in excess
- P . o . '

of the limits specified in s. HFS 157.22 (1) (@) "~ "+ - ‘ LT L -
2. 'Rj’a'diaiion levels in Aﬁr;restrict'ed aréaé do not exceed the limits sbéciﬁgéd in s. HI%S 157.23
(1) (a) and (b). S A A T T - ; T o g

(b) A radiation protection survey shall be'performed prior to any subsequent medical use
after making any of the following changes: o T T e T T a

1. Any change in the treatment room shielding.
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2. Any change in the locatron of the therapeutrc radratron machlne wrthrn the treatment .
room L L - . - N

3. Relocating the therapeutic radiation machine.
[N A -
4. Using the therapeutlc radlatlon machlne in a manner that could resultin increased ~ '~
radiation levels in areas outside the external beam radiation therapy treatment room.

g

+

(c) The survey record shall indicate all of the following:

* ?

1. Instances where the facrllty in the oplnlon of the medlcal physrcrst is in violation of -*
applicable regulations.

2. The date of the measurements.
3. The reason the survey is required.

4. The radiation therapy machine manufacturer’s name

' [ ‘o
.

5. The model and serial’ number of the therapeutlc radlatlon machlne

[ N

6. The instruments used to measu’re radratron levels and therr last date of cahbratron

Y

7. Afloor plan of the areas surroundlng the treatment room that were surveyed o
"ty SN
.8.The radlatlon level at several pomts in each area expressed in mrcrosreverts or mllllrems L
per hour . , Co

Yo

B l -}
S .

9. The calculated maximum level of radiation over a penod of one week for each restncted
and unrestricted area., . . -, SR t S

- 3 < s '

10. The signature of the personvresponsible for conducting the survey. a

(d) If the results of radiation protection surveys indicate any radiation levels in excess of the
respective limit, the reglstrant shall lock the control in the "OFF" posrtron and may not use the unrt
except under one or more of the followmg condltlons . . )

. 1— As may be necessary to reparr replace or test the therapeutrc radratron machrne the e
therapeutic radlatlon machine shreldlng or the treatment room shleldmg b ' -

~—

2. Until the reglstrant has recerved a specd‘ c exemptlon from the department

R R e T e

(2) MODIFICATION OF RADIATION THERAPY UNIT; OR ROOM BEFORE BEG!NNING A
TREATMENT PROGRAM. If the survey indicates that a person in an unrestricted area may be
exposed to levels of radiation greater than those permitted by s: HFS 157.23 (1) (a) and (b) before
beginning the treatment program, the registrant shall do all of the following:

(a) Equip the unit with beam direction interlocks or add addrtronal radratlon shleldrng to
ensure compliance with s. HFS 157.23 (1) (a) and (b). - . '

(b) Perform the survey again. R N \_/’

264 .



(c) Include in the report the results of the initiai survey, a description of the modification
made and the results of the second survey.

(d) Submit facility design information to the department prior to installation of a
therapeutic radiation machine of higher enerqy into a room not previously approved for that
enerqgy and receive approval from the department pnor to actual rnstallatron of the
therapeutlc radiation machine.

(3) DOSIMETRY EQUIPMENT (a) 1. A registrant shall have a calibrated' dosrmetry system
available for use. The dosimetry system shall be calibrated by a certified calibration facnhty at least
every 24 months and after any servicing that may affect system cahbratlon ‘

) 42 For beams with energies greater than one MeV the dosmetry system shallbe "
calibrated for Cobalt-60.

23. For beams with energies equal to or less than one MV MeV, the dosimetry system shall
be calibrated at an energy or energy range approprlate for the radiation belng measured.

(b) A registrant shall have a dosimetry system for quality control check measurements. The
system may be compared with another system whose calibration is traceable to the national
institute of standards and technology " The comparison shall be performed at least every 24
months and after each servicing that may affect system calibration.

(c) A reglstrant shall maintain a record of each ‘dosimetry system cahbratlon S .
intercomparison and comparison for the duration of the registration. For each cahbratlon '
intercomparison or comparison, the record shall include all of the following:.

1. The date.

2 The model and serial numbers of the instruments that were calibrated, mter—compared or
compared. .

.~ 3. The correction factors that were determined.

4. The names of the persons who performed the cahbratlon mtercompanson or,
comparison. oo .

5 Evidence that the intercomparison was performed by or under the dlrect superVISIon and
in the physical presence of a medlcal physicist.

(4) SURVEY INSTRUMENTS. Except for dermatology offices with systems operatlng at
less than 150 kV, each facility location authorized to use a therapeutic radiation machine shall
possess appropriately calibrated portable momtonng equnpment Equ1pment shall |nclude a . ..
portable radiation measurement survey instrument capable of measuring dose rates over the range
10 pSv (one mrem) per hour to 10 mSv (1000 mrem) per hour. The survey mstruments shall be
operable and calibrated. : b

(5) SHIELDING AND SAFETY DESIGN REQUIREMENTS (a) Eaeh—therapeuhe—raéatien

Facmty desrgn lnformatlon for all new.
installations of a therapeutlc radlatlon machine or installations of a therapeutic radiation ' machine of
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higher energy into a room not previously approved for that energy shall be submitted to the
department and approved by the department prior to actual installation of the therapeutic radiation
machine. )

(b) Observation and communication with the patient shall be possible at all times. _

- < HFS 157.85 Therapeutic radiation machines. (1) LEAKAGE RADIATION. (a) When a -
therapeutic radiation'machine is operated at its maximum dose rate, the leakage air kerma rate”
may not exceed the value specified at the distance specified for that classification of therapeutic
radiation machine., B ' C

' " (b) Leakage radiation from contact therapy systems may not exceed one mGy (103 mR) -
per hour at 5 centimeters from the surface of the tube housing assembly. Contact therapy tube
housing assemblies shall have a removable shield of material, equivalent in attenuation to 0.5
millimeters’of lead at 100 kV, which may be positioned over the entire useful beam exit port during
periods when the beam is not in use.

(c) LealEag‘e)réAdiatidri from syétems operating at 150 kV or less may not exceed one mGy
(103 mR) per hour at one meter from the tube housing.

(d) Léaliage radiation from sy[stems operating above 150 kV may not exceed 0.1 percent of
the useful beam one meter from the source housing for any of its operating conditions.

[
i -

(2) PERMANENT BEAM-LIMITING DEVICES. Permanent, non-adjustable collimators used
for limiting the useful beam shall provide at least the same degree of attenuation as required for

the tube housing assembly. .

(3) ADJUSTABLE OR RE‘MO'VEABLE BEAM—LIMITING(DEVICE‘S. (a) All removable beam-
limiting devices or diaphragms may not transmit more than one percent of the useful beam for the
most penetrating beam used. This paragraph does not apply to beam shaping blocks or shaping
materials.

(b) When adjustable beam-limiting devices are used, the position and shape of the useful
beam shall be indicated by a light beam. These devices may transmit not more than 5 percent of
the useful beam.

(4) FILTER SY§TF;MSl. The filter system shall be aesigneci to meet all of the following
requirements:

-y N

(a‘) Accideptal disb‘iacefnént of filters is not possible at any tube orientation.

(b) If the proper.ﬁl)ter is not in place, an interlock system shall prevent irradiation.

not exceed 100 mGy ('6h§ rad) per hour at one meter under any operating conditions.

. Iy

(d') Each filter shall f)e marked as to its material 6f construction and its thickness.

(c) The air Kerma rate eécapmg from the filter placen:le}xt op;n}ng slot in the tube head may

. (e) Each wedge filter that is removable from the system shall be clearly marked with'an
identification number., For removable wedge filters, the nominal wedge angle shall appear on the’

wedge or wedge tray.. If the v\iedge or wedge tray is significantly damaged, the wedge
transmission factor shall be reestablished. : .
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(f) }f the absorbed dose rate information relates excluswély to operation with a field
flattening filter or beam scattenng foil in place that foil or filter shall be removable only by the use
of tools. =«

*~*(5) TUBE IMMOBILIZATION. (a) An x-ray tube shall be mounted so that it cannot .
accidentally turn or slide with respect to'the opening in the tube housing through which radiation is'
emitted.

(b) The tube housing assembly shall be capable of being lmmoblllzed
7 (6) EMERGENCY SWITCHES. At least one emergency power cutoff switch shall be
present. If more than one emergency power cutoff switch is installed and not all switches are .
tested at once, each switch shall be tested on arotating basis. Safety quality control checks of the
emergency power cutoff switches may be conducted at the end of the treatment day to minimize
possible stability problems with the therapeutic radiation machine. -
(7) SOURCE MARKING An x-ray tube housing assembly shall be marked so that it is

possible to determine the location of the focal spot to within 5 millimeters and the marking shall be
readily accessible for use during calibration procedures.

- (8) TIMER: (a) A suitable irradiation control device shall be provided to termlnate the
irradiation after a preset time interval or after a preset radiation dose has been dellvered

{a)(b) A timer with a display shall be provided at the treatment control panel. The timer
shall have a pre-set time selector and an elapsed time or time remaining indicator.

{b)(c) Fhe A timer shall be a cumulative timer that activates with an indication of "BEAM-
ON" and retains its readlng after irradiation is interrupted or terminated. After irradiation is -
terminated and before irradiation may be reinitiated, it shall be necessary to reset the elapsed time
indicator.

- {e)(d) Ihe A timer shall terminate irradiation when a pre-selected time has elapsed if any
dose monitoring system present has not previously terminated irradiation.

(d)(_) Fhe A tlmer may not permit an exposure if set at zero.

. {e)_([)}he A tlmer shall may not activate until the shutter is opened when irradiation is
controlled by a shutter mechanism unless calibration mcludes a timer end effect correction to
compensate for mechanlcal lag . Vo

o

(-9_(9) Fhe A tlmer shall be accurate to within one percent of the selected value or one
second whlchever is greater.

(9) CONTROL PANEL lNDlCATORS The An x-ray unit shaill have all of the followrng

(a) An indication at the control panel of whether electrical power is on and if actlvatlon of the
x-ray tube is possnble S

(b) An lndlcatlon of whether x-rays are belng produced

(c) A means for mdncatmg x-ray tube potential and current.
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(d) A means for terminating an exposure at any time.
(e) A locking device that will prevent unauthorized use of the therapeutic radiation machine.

(10) TARGET. TO SKIN DISTANCE. There shall be a means of determining the central axis
target to skin distance to within 2 millimeters and of reproducing this measurement to within 2
millimeters thereafter.

(11) SHUTTERS. Unless it is possible to bring the x-ray tube output to the prescribed
exposure parameters within 5 seconds after the x-ray "ON" switch is energized, the beam shall be
attenuated by a shutter having a shielding equivalency not less than that of the tube housing
assembly. In addition, after.the unit is at operating parameters, the shutter shall be controlled by~
the operator from the control panel. An indication of shutter position shall appear at the control”
panel. : o

(12) LOW FILTRATION MACHINES. Each therapeutic radiation machine equipped with a
beryllium or other low filtration window shall be clearly labeled on the tube housing assembly and
shall be provided with a permanent warning device on the control panel that is activated when no
additional filtration is present; to indicate that the dose rate is very high. : ,

(13) FULL CALIBRATION MEASUREMENTS. (a) Full calibration of a therapeutic radiation
machine shall be performed by or under the direct supervision of a medical physicist under all of
the following conditions:

1. Before the first mecjical 'uée following installation or refngtallation of the therapeutic
radiation machine.

" 2. Atintervals not e)kceédiﬁg 1 2 months.

3. Before medical use under all of the following conditions:

. a. Whenever quality control check measurements indicate that the radiation output differs
by more than 5 percent from the value obtained at the last full calibration and the difference cannot
be reconciled.

b. Following any component replacement, major repair' or modification of componénts that
could significantly aﬂ:ect__ the characteristics of the radiation beam.: o

4:(b) Full calibration of therapeutic radiation machines with multi-energy capabilities is
required only for those operational modes or radiation energies that are not within their acceptable
range. o . i

S:(c) If the repair, replacement or modification does not affect all energies, full calibration
shall be performed on the affected energy that is in most frequent clinical use at the facility. The
remaining energies may be validated with quality control check procedures.

{b)(d) Full calibration gshall include all measurements recommended for annual calibration
by protocols approved by recognized national or international organizations. An acceptable
protocol is the “Protocol for clinical reference dosimetry of high-energy photon and electron beams”
as stated in AAPM Report No. 67, American Association of Physicists in Medicine, 1999.
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Note: Report No. 67 “Protocol for Clinical Reference Dosimetry of High-Energy Photon and
Electron Beams,” was published in Medical Physics, 26 (9), September 1999, pp. 1847-70. The
report may also be obtained from: Medical Physics Publishing, 4531 Vernon Blvd., Madison WI
53705-4964 or ordered from therr websrte WwWw. medlcalphvsrcs org.

{e)(e) A regrstrant shall maintain a record of each calibration for the duratlon of the
registration. The record shall include all of the following:” -

- 1. The date of the'calibration.

2. The manufacturer's name, model and serial number for both the therapeutrc radiation
machine and the x-ray tube.

3. The model and serial numbers of the instruments used to calibrate the therapeutrc
radiation machine.

4. The signature of the medical physicist’ respon5|ble for performlng the callbratron

(14) QUALITY CONTROL CHECKS. (a) Quality control checks shall be perfonned on
therapeutic radiation machines.

.. (b) Quality control checks shall meet all of the following requirements:

1. A registrant shall perform quallty control checks usrng wrrtten procedures establrshed by
a medical physicist. ! 7 T

2. The qualrty control check procedures shall specrfy the—frequeney—at-wh:,eh—testse;

shall—be—stated—all of the followrnq : : ‘ :

oA The frequency at whlch tests or measurements are to be performed

- ‘ -

b Whlch qualltv control checks are to be performed dunnq calibration.

c. The acceptable tolerance for each parameter measured |n the quallty control check
when compared to the value for that parameter N T T

e ’-_‘: PR

2 . S -

(c) The cause for a parameter exceedlng a tolerance set by the medrcal physrcrst shall be
rnvestlgated and corrected beforé the system is used for patrent |rrad|at|on

- ,. . . 1
. N :

(d) Whenever a quallty control check indicates a srgnlt" cant change in the operatmg - .
characteristics of a system, as specified i in the’ medrcal physrcrst s qualrty control check procedures
the system shall be recalibrated. =~ <. ' R 0 } S

. 1, o 0 f v )

(e) A regrstrant shall have the medlcal physrcnst review and sign the results of each -
radiation output quallty control check within 10 workmg days of the date that the check was
performed. ) B ‘ .

1

P

(f) A regrstrant shall ensure that darly safety quahty control checks of therapeutrc radratron
machines are performed.
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- (9) Safety quality control checks shall be performed prior to the first treatment of the
day to ensure prope’yjbperation of all of the following: ‘

1. Electrical interlocks at each extei'nal.beém radiation therapy room entrance.
2. The "BEAM-ON" and termination switches.

3. Beam status indicator lights on the access doors, control console and in the radiation
therapy room.

‘4. Viewing systems.

S. If applicable, electrically. operated treatment room doors from inside and outside the
treatment room. :

(h) A registrant shall maintain a record of each quality control check for 3 years. The

record shall include all of the following:

1, The date of the quality control check.

2. The manufacturer's name, model and serial number of.the therapeutic radiation
machine. :

N Co STty .- P L N T o
3. The manufacturer's name, model number and serial number for the instruments -
used to measure the radiation output of the therapeutic radiation machine.

- 8 =~

® T el ‘-'i! ¢ ",AJFQ *
4. The signature of the person who performed the periodic quality control check.

organizations. . . . s , »

.- .; Note: An acceptable reference is "Comprehensive QA for Radiation Oncolody:
Report of AAPM Radiation Therapy Committee Task Grou 40
American Association of Physicists in Medicine, April, 1994,

4

('b) Quality control E:heicks'shall‘ include bdedte\rmination of central axis radiation outputanda -

ality co

on-Oncoloay:
= o108

representative sampling of periodic qu

ntrol checks eontained-in"Comprehensive-QA-for

i .z '- b . - - N . - N - . ’ ' . -
recommendations of national or international organizations. Representative sampling shall

include all referenced periodic quality control checks in an interval not to exceed 14 consecutive
calendar months., = . . D e i R " L :

Note: Ar{accéptable reference is "Cé;hbrehensive QA for Radiation Oncology: Report of ™"
AAPM Radiation Therapy Committee Task Group 40," AAPM Report No. 46, American Association
of Physicists in Medicine, April, 1994. The publication may be consulted at the Department of

Health’and Family Services, Radiation Protection Section, 1 West Wilson St, Room 150, Madison
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WI 53701. AAPM reports may be obtained from Medical Physics Pubhshmg, 4531 Vernon Blvd.,
Madison W1 53705-4964 or ordered from their website: www.medicalphysics.org.

. (16) OPERATING PROCEDURES ‘(a) A therapeutlc radlatlon machlne shau y ot be
left unattended unless secured. -

(b) When a patient must be held in position for radiation therapy, mechanical supporting or
restraining devices or other means recommended by a physician shall be used.

+(c) The An x-ray tube housing assembly shall _y not be held by a person durlng .
operatlon unless the ‘assembly is designed to require holding and the peak tube potential of the .,
system does not exceed S0 kV. In these cases, the holder shall wear protective gloves and apron
of not less than 0 5 mllhmeters Iead equnvalency at 100 kv. .

(d) A cop_y of the current operating and emergency procedures shall be mamtalned at'the
therapeutlc radlatlon machlne control console . s e - .

(e) No person“eiher than the patlent may be in the treatment room dunng exposures from =
therapeutic radiation machines operatlng above 150 kV. At energies less than or equal to 150 kV,
any person, other than the patiént, in the treatment room shall be protected by a barrier sufficient

to meet the requirements of s. HFS 157.22 (1).

i

(f) A'registrant shall promptly repair any éysten"[ that is not of)er'éting 'prqp’cérlj}::‘ -

HFS 157. 86 Reglstratlon of radiation machine facilities. (1) REGISTRATION FEES. (a)
An annual registration fee shall be levied for each site registration under thls section, accordmg to
the following schedule: ] :

1. For a site havnng an ionizing radlatlon installation serving physmans and clinics,
osteopaths and clinics, chiropractors or hospitals, the fee shall be $36 for each site and $44 for
each x-ray tube. e ,

2.Fora podlatnc or veterinary site havmg an ionizing radiation installation, the fee shall be
$36 for each SIte and $44 for each x-ray tube -
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3. For a dental site having an ionizing radiation installation, the fee shall be $36 for each.".
site and $30 for each x-ray tube. I , :

4. For an industrial, school, research project or other site having an ionizing radiation
installation, the fee shall be $36 for each site and $44 for. each x-ray tube. .

5. An additional fee of $25, regardless of the number.of devices, shall be required for each
registration whenever the annual fee for renewal is not paid prior to the expiration of the
registration.

6. A change of ownership fequirgglre-fggigtration and fees péid_by the new registrant.. -

7. Any change in registration information shall be submitted to the department within 30
days after the change takes place. No feeis required for recording changes in registration
information. L L C e a

8. Manufacturing, testing or servicing fécilities éhall be considered as one x-ray tube

for registration purposes.

s Y

9. Electron microscopes and extremity bone densitometers are exempt from
reqistration fees after the initial registration. L ; :

vobgpon !

T 1 S

4

- = . - - S - "Jx - >.' LA LA
(2) EXEMPTIONS. The following items are exempted from the requirements of this section:
' LR T i ; R . . . )

(a) Electronic equipment that produces radiation iﬁéfdelﬁltél to its operation for other

purposes, such as x-rays from radio or television transmitter high voltage tubes. The

(b) Radiation machines in transit or storage.

(c) Domestic television receivers and computer monitors.

'+ (3) RECIPROCAL RECOGNITION OF OUT-OF-STATE RADIATION MACHINES. (@ - .
Whenever any radiation machine is to be brought into'the state, for any témporary use, the person
proposing to bring the machine into the state shall give written notice to the department by mail or
facsimile at least 48 hours before the machine is to be used in the state. The noticé shall include
all the following information:

~+ -1. The type of radiation machine. -

2. The nature, duration and scope of intended use.
3. The exact location or locations where the radiation méfchine. is intended to be uééd., .
4. States in which the machine is registered.

i " (b) If, for a specific case, the 48-hour n‘otice‘ﬁéﬁod \Néﬁld im'bd‘s:e an undue hard§hi}3 on the -
person, that person may apply to the department for verbal permission to proceed sooner.
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Note: The department may be contacted by phone at 608-267-4784 or facsimile at
608- 267-4799.

i~

E ’(c) The person in control shall do all the followrng S
Y. Comply with all applicable rules of the department. :
2.:Supply the department with other information as the depar'tm‘ént reouésts.

3. Not operate within the state on a temporary basrs in excess of 30 calendar days per year
without obtalnlng a Wlsconsrn reglstratron ‘

ey

T3~ 1
< A N
PN ~ “ H . . -

. -Subchapter IX — Cabinet and Analytical X-ray Systems .- - -

.. . ~HFS 157.87 Radiation safety requirements. (1) 'GENERAL REQUIREMENTS For .
certifi ed cabinet x-ray systems including those desrgned to a!low admlttance of rndlvrduals all of
the following requirements apply: -

. (@) No registrant may permit any individual to operate a cabinet x-ray system until the
mdrvrdual has received a copy of and instruction in the operating procedures for the system.
Records that demonstrate training compliance with this paragraph shall be marntamed for*
department inspection until disposal is authorized by the department. -

- - (b) Tests for proper.operation of all interlocks shall be conducted and recorded at rntervals
not to exceed 12 months. Records of these tests shall be maintained for department inspection
until disposal is authonzed by the department A
(c) Complrance with dose limit requrrements and radiation monitoring requirements of s.
HFS 157.23 (1) (a) to (¢) and 21 CFR 1020.40 shall be evaluated at intervals not to exceed one
year. Records of these evaluatrons shaII be maintained for department mspectron for 3 years after

the evaluatron

A e T N

(d) A certified cabinet x-ray system shall be maintained in compliance with 21 CFR. »
1020.40. No modification may be made to the system wrthout pnor department approval

Note The tltle of 21 CFR 1020 40 is Cabrnet X-ray Systems (39 Federal Register 12986,
April 10, 1974) 4 . e

(2) RADIATION SAFETY REQUIREMENTS FOR ANALYTICAL X-RAY SYSTEMS. The a
following safety equtpment shall be used wrth all analytrcal X- ray systems except as otherwrse
noted: TR U I —

(a) Safety device. An analytical x-ray system utilizing an open beam configuration shall
rncorporate a safety device that prevents any portion of an individual's body from entering ‘the
primary x-ray beam path or that causes the beam to be shut off upon entry into its path. The -
person in control at the facrllty may apply to the department for an exemption from the, requrrement
for a safety device.. The applrcatlon shall mclude all the followmg rnformatlon '

. - PP
- < N ‘ LRV —
o, A

1 A descnptron of the various safety devrces that have been e\/aluated by the person in.
control. '
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. .2..The reason each device evaluated in subd: 1. cannot be used. ~ . .-

3. A description of the alternative safety methods available to minimize the possibility of an
accidental exposure, including procedures to assure that operators and others in the area will be
informed of the absence of safety devices. The department shall approve the alternate safety
devices prior to their installation on the system. .

(b) Warning devices. Open-beam configurations shall be provided with a readily discernible
indication of either of the following:

- ~ (: .oT ot L . ‘ LR 0o o '“ ' s .
DY g x ray-tube status (ON-OFF) located-near-the-radiation-seurce-housing An indication of
whether the x-ray tube is on or off, if the primary beam is controlled in this manner.

Note: The x-ray tube status is located near the radiation source housing.

huile OREN 0) [)

An indid-étion of whether the shutter is open or closed, if the primary beam is controlled in thi '
manner. Warning devices shall be labeled so that their purpose is easily identified. C

Note: The shutter status is located near each port on the radiation source housing.

1
- -

- . sy s A .t e LT v ) “ .:
(c) Ports. Unused ports on radiation source housings shall be secured in the closed position
in a manner that will prevent casual opening. R -

(d) Labeling. All analytical x-ray equipment shall be labeled witha readily discernible sign or
signs bearing the radiation symbol and the words: P : o0
1. "CAUTION - HIGH INTENSITY X-RAY BEAM,” or)words ﬁaving a similar intent, on an x-
ray source housing. ... . . . . y : e A o
Ll "CAUTION RADIATION - THIS EQUIPMENT PRODUCES RADIATION WHEN - =
ENERGIZED," or words having a similar intent, near any switch that energizes an x-ray tube if the
radiation source is an x-ray tube.

. -‘u’?‘. LI B

(e) Shutters. On 6ben-beaﬁ:), coriﬁgij;atié'ns installed after January 1, 1979, each port on'the’

radiation source housing shall be equipped with a shutter that cannot be opened unless a
collimator or a coupling has been connected to the port. . el BRI

3T

' (f) Vi/:c}rning lights. An easily visible warning light labeled with the words "X-RAY ON," or
words having a similar intent, shall be located as follows: - '. 3. = =

pu

1. Near any switch that énergizes an x-ray tube and illuminates only when the tube is
energized.
P T T e . . - . o
2. In the case of a radioactive source, near any switch that cpens a housing shutter and i
illuminates only when the shutter is open: - ; T L s , -
T I L e B T L T (R
"7 (g) Radiation source housing. An x-ray tube housing shall be so constructed that'with all
shutters closed the leakage radiation measured at a distance of 5 centimeters from its surface is
not be capable of producing an air kerma in excess of 25 uSv (2.5 mrem) in one hour at any

specified tube rating.
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(h) Generator cabinet. An x-ray generator shall be cohtaineq within a protective cabinet
which limits leakage radiation measured at a distance of 5 centimeters from its surface to no more
than 2.5 uSv (2.5 mrem) in one hour.

(3) AREA REQUIREMENTS. (a) Radiation levels. The local components of an analytical x-
ray system shall be located and arranged and shall include sufficient shielding or access control so
no radiation levels exist in any area surrounding the local component group that could result in a
dose to any individual in excess of the dose limits in s. HFS 157.23 (1). For systems utilizing x-ray
tubes, the permissible radiation‘levels shall be met at any specified tube rating.

(b) Surveys: To démonstrate compliance with par. (a), 'rédiéfioh:éuryeys of “an'analytical X-
ray system shall be performed according to all the following criteria:

:. 1..Upon installation of the equipment.

2. Following any change in the initial arrangement, number or type of local components in
the system. o s ‘ < . .

3. Following any maintenance reciuiring‘?he disassembly or removal of a local cdrﬁponent in
the system. e B oo

4. During the performance of maintghance and alignment procedures if the broceciijres
require the presence of a primary x-ray beam when any local component in the system is
disassembled or removed. - e :

5. Any time a visual inspection of the local components in the system reveals an abnormal
condition.

6. Whenever personnel monitoring devices show an increase of 50 percent over the
previous monitoring period or the readings are apbroaching the limits of sub. (2) (g) or (h).
Radiation survey measurements are not be required if a person in control demonstrates .
compliance with par. (a) in some other manner. ~ ; o S

(c) Posting. Each area or room containing analytical x-ray equipment shall havé at least one
sign conspicuously posted bearing the radiation symbol and the words "CAUTION = X-RAY
EQUIPMENT" or words having a similar intent. . . -

(4) OPERATING REQUIREMENTS. (a) Procedures. Operating procedures shall be written
and avaijable to all analytical x-ray equipment workers. No individual may operate analytical x-ray
equipment in'any manner other than that specified in the procedures unless the individual has
obtained written approval of the person in control. :

(b) Bypassing. No individual may intentionally bypass a safety device unless the individual
has obtained the approval of the person'in control. When a safety device has been bypassed, a.
readily discernible sign bearing the words "SAFETY DEVICE NOT WORKING" or words havinga
similar intent shall be placed on the radiation source housing. ~ ‘

(5) PERSONNEL REQUIREMENTS. (a) Instruction. No individual may operate or maintain
analytical x-ray equipment unless the individual has received instruction in and demonstrated
competence in all the following: ) ] ‘ o

1. Identification of radiation hazards associated with use of the equipment.
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2. Significance of the various radiation warning and safety devices incorporated into the
equipment or the reasons the devices have not been installed on certain pieces of equipment and
the extra precautions required in such cases. J

3. Proper operating procedures for the equipment,
4. Symptoms of an\acute"lb‘célized exposure that may cause a radiation burn.
" 5. Proper proceques for feporﬁn’g an actual or s'usbectecf exposure.

(b) Personnel monitoring. Finger or wrist dosimetry devices shall be provided to and used
by any of the following individuals: ..

1. An analytical x-ray equipment worker using a system having an open-beam configuration
and not equipped with a safety device.

2. Personnel maintaining analytical x-ray equipment if the maintenance procedures require
the presence of a primary x-ray beam when any local component in the analytical x-ray system is
disassembled or removed. Reported dose values may not be used for the purpose of determining
compliance with s. HFS 157.22 unless the dose values are evaluated by a medical physicist. .

(6) IMAGING DEVICES. Industrial uses of hand-held imaging intensification devices are
exempt from the requirements of this subchapter if the air kerma 18 inches from the source of
radiation to any individual does not exceed 25 uSv (2.5 mrem) per hour. A device that exceeds
this limit shall meet the requirements of this subchapter and the licensing or registration
requirements of subchs. Il or Vill. . - r

Subchapter-X-Notices, Instructions and Reports to Workers

HFS 157.88 Posting, notification and reporting requirements. (1) POSTING OF,
NOTICES TO WORKERS. (a) Except as provided in par. (b), a licensee or registrant shall post
current copies of all the following documents in a conspicuous location that is accessible to workers
on the way to or from the worker’s work station or job location:

1. This subchapter and subch. IIi.

.. .2, The license, conditions or documents incorporated into the license by reference and -
license amendments. -

3. The operating procedures applicable to activities un'diel" the license or registration.

te

4. Any notice of violation, forfeiture assessment or,order issued under s. 254.37 or 254.45,
Stats, or this chapter and any response from the licensee or registrant until removal is authorized- .
by the department. v © .

S. The certificate of registration.

6. Emergency procedures that apply to activities conducted unde" the license or
registration.
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7. A “Notice to Employees” form that details the (ypeis of inforrhaﬁon that employers must
give to their employees and department contact information.

Note: The “Notice to Employees” form may be bﬁtainea from the‘Depar,tmeﬁt by writing: - .
Department of Health and Family Services, Radiation Protection Section, P.O. Box 2659, Madison
W1 53701-2659 or from the Department’s website www.dhfs.state.wi us/licensing. -

(b) If posting of the documents specified in par. (a) 1. to 3. is not physically pract‘ical, a
licensee or registrant may post a summary of the documents that states where the full documents
may be examined. The documents specified in par. (a) 4. to 7. shall be posted in their entirety.

(c) A document posted under par. (a) 4. shall be posted within 2 working days after receipt .
of the document from the department.” A licensee's or registrant's response, if any, shall be posted
within 2 working days after submitting the document to the department. The documents shall
remain posted for a minimum of 5 working days or until the violation has been corrected, whichever
is later. .o : ’ ' V -

(d) Documents; notices and forms postéd under par. (a) shall be replaced within 10 days if
defaced or altered. ; -

(2) INSTRUCTIONS TO WORKERS. (a) All individuals who in the course of employment
are likely to receive an occupational dose in excess of one mSv (100 millirem) in a year shall be
given all of the following inforfnation annually: .

1. The proper storage, transfer and use of sources of radiation in the licensee's or
registrant’s workplace. , o L i
2. Health risks to the individual and potential offspririg associated with exposure to radiation
and radioactive material, precautions and procedures the individual should use in the workplace to
protect themselves and minimize exposure to radiation and radioactive material, and the purposes

and functions of protective devices. e i o . -
3. A worker’s responsibility to report promptly to the licensee or régiétfant any condition
which may constitute, lead to or cause a violation of ss. 254.31 to 254.45, Stats., this chapter or a

[

condition of the license.* ) ) s

4. How to respond in the event of any unusual occurrence or malfunction that may involve
exposure to radiation or radioactive material. -

+ 5. Radiation exposure reports provided to workers under sub. (3).}-5‘ o
(b) The extent of the instructions provided under par. (a) ‘s;héll be E:oﬁ'nme‘r]s't]r_ate’v(/ith;i R
potential radiological health protection problems present in the workplace and shall take into. -
consideration assigned activities during normal and abnormal situations involving exposureto ...
radiation or radioactive material that can be'reasonably be expected to occur during the life of the
licensee’s or registrant’s actiyities. _1
(c) Records of instructions to workers rrecjl}ifétd"b”); 'this shbsectidr{'sﬁakl-l be rﬁainfainéd by the
licensee or registrant until reviewed by the department or for 5 years. '

(3) NOTIFICATIONS AND REPORTS TO INDIVIDUALS. (a) Radiation exposure reports.
Every 12 months, a licensee or registrant shall provide a written report of radiation exposure to
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each employee who is required to be monitored for radiation exposure under s. HFS 157.25 (2).
The report shall include all of the following: o
1. Name of the licensee or registrant, the name of the individual and the individual's ~
identification number. -
2. Results of any measurements, analyses and calculations of radioactive material
deposited or retained in the body of the individual being monitored.

3. Any order issued under this chabter.

4. Any condition of the license or registration as shown in records Mmaintained by the
licensee or registrant under s. HFS 157.31 (7) that relates to radiation exposure of employees.

_5. Each calendar quarter in which the worker's activities involved exposure to sources of
radiation and the dates and locations of work. If a report under this paragraph is being provided to
employees under par. (b) or (c), the report shall include the calendar quarter within which the
employee terminates employment or requests a report under this subsection.

6. The radiation exposure report for each year the worker was required to be monitored
under s. HFS 157.25 (2). , 1 . .

7. The statement: "This' fébbrtvis furnished to you under the brc;yiéions of Wisconsin
Administrative Code, Chapter HFS 157, Radiation Protection. You should retain this report for
future reference.” .

(b) Reports to employees upon termination. A licensee or registrant shall provide the report
required under par. (a) to each employee within 30 days of the employee’s termination.
" () Reports to employees upon request. A lice!iseé or ‘re(ginstg'ant‘shall provide an employee
with the report required under par. (a) within 30 days of receiving a written request from the
employee, or within 30 days after the dose of the individual has been determined by the licensee or
registrant, whichever is later. . - s

(d) Reports to the department.’ A licensee or registrant required fo provide a report under s.
HFS 157.32 (2) to (4) shall, on the same day, provide a copy of the report to the subject of the
report. ] D - . L

(e) E}posure request at time of termination. At the request of a licensee’s or registrant’s
employee or of a worker employed by another person but working in a licensee’s or registrant’s
facility, a licensee or registrant shall, upon'a worker’s termination, provide to the worker, or to the
worker’s designee, a written report of the radiation dose received by that worker from operations of
the licensee or registrant during the current calendar quarter.or fraction thereof. If the most recent
individual monitoring results are not available at that time, a licensee or registrant shall providea .
written estiméte of the dose, glearly indicating that it is an estimate...

- " ot € .t

(f) Documentation required to be maintained. Documentation that a report was provided as
required under this subsection shall be maintained by the licensee or registrant for 3 years after
generation of the documentation. . ‘

‘Subchapi‘er Xl - lnspectio}i by fﬁé Departmenf Lo -
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HFS 157.89 Inspection requirements. (1) ACCESS BY DEPARTMENT INSPECTORS.
The department may inspect a licensee’s or registrant materials, machines, devices, activities,
facilities,-premises and records under this chapter at ahy reasonable time. }

3 L

INSPECTION. (a) A licensee, registrant or designee may accompany department inspectors during
an inspection. - S o - i udih kel

. ~
Ll - IR « o ~ - - i

(2) PRESENCE OF REPRESENTATIVES OF LICENSEE OR REGISTRANT DURING

(b) If, at the time of inspection, an individual has been authorized by the workers to,
represent them during department inspections, a licensee or régistrant_shall notify the inspectors of
that authorization and shall permit the workers’ representative to accompany the inspectors during
the inspection of physical working conditions. ) e e e

[
H

LY N : : X . - I PRI et
'(c) Each workers® representative shall be routinély éﬁgaggd in work under control of the
licensee or registrant and shall have received instructions as specified in s. HFS 157.88 (2).” -,

(d) Different representatives of a licensee or registrant or workers may accompany the
department’s inspectors during different phases of an inspection’if there is no interference with the
conduct of the inspection, but only one workers’ fepresentative at a time may accompany the _
inspectors. ‘ I o ) v

-~~~ (e) With the approval of a licensee or registrant and the Workeyé;’represenfative, i’:m Ce
individual who is not routinely engaged in work under control of the licensee or registrant, such as
a consultant to the licensee or registrant or to the workers’ representative, may accompany.’ .

department inspectors during the inspection of physical Wdrking conditions.

(f ' Department inspectors may .
refuse to permit any individual who deliberately interferes with a fair and Q[defly inspectionto | _ |
accompany them on the inspection: ‘An individual may accompany an inspector in areas . _ = . .
containing information classified by an agency of the U.S. government in the interest of national
security only if the individual is authorized to do so by the licensee or registrant. The workers’
representative may enter an‘area containing proprietary information only if the représe?ntati\ie has

PN

been previously authorized by the licensee or régistrant to e.nte'r‘that area.

(3) CONSULTATION WITH WORKERS DURING INSPECTIONS. (3) Department © '
inspectors may consult privately with workers to the extent the inspectors deem necessary for.the _
conduct of an effective and thorough ‘L ‘- -~ e

3
t PR

inspection. = - o e

(b) Consultation with a worker under par. (a) may be written or oral and concern any past or
present condition that the worker believes contributed to, caused or may cause a violation of the
Aet-ss. 254.31 to 254.45, Stats.; this chapter or a condition of the license, or any unnecessary ..,
exposure of an individual to sources of radiation under the licénsee’s of registrant's control. * *~
Written information received by inspectors under this paragraph shall comply with the requirements
of sub. (4). -

-

(4) REQUEST BY WORKERS FOR AN INSPECTION. (a) Aworker or workers’ | |
representative who believes that a violation of the-Aet 5. 254.31 to 254.45, Stats. this chapter or
a condition of a license exists or has occurred may request an inspection by the department. The -
request shall be in writing, set forth the reasons for the request and be sighed by the workeror -
workers’ representative. The department shall provide a copy of the request to the licensee or
registrant at the time of inspection granted under sub. (5). Upon request of the worker giving
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notice, the department shall remove from the licensee's or registrant’s copy of the request the
worker or workers' representative’s name and the names of other individuals. -

* °(b) No licensee, reg';isti'ahtj, contractor or subcontractor of a licensee or registrant may
discharge or in any manner discriminate against any worker or workers’ representative because
the worker or workers' representative has filed a complaint under this subsection or instituted or
caused t0 be instituted,a proceeding under, this chapter. or has testified or is about to testify in‘any
proceeding under this chapter, or because of the exercise by the worker on behalf of himself or -
herself or others of any right established under this subchapter.

Note: Requests may be made in writing to: Department of Health and Family Services,
Radiation Protection Section, PO Box 2659, Madison WI 53701-2659. :

(5) INSPECTION WARRANTED. If after reviewing arequest submitted under sub. (4), the
department determines it is probable an alleged violation has occurred, the department shall
conduct an inspection as soon as is practicable. An inspection under this subsection need nct be
limited to an allegation set forth in a request under sub. (4).

() INSPECTION NOT WARRANTED. (a) If after reviewing a request submitted under sub.
(4), thg’debartment'decides not to conduct an inspection, the department shall notify the worker or
workers' representative in writing of that determination.

(b) A worker or workers’ representative may request a review of a decision under par. (a) by
submitting a written request for review and statement of position to the department. The - .
department shall send by certified mail to the licensee or registrant a copy of the statement of
position received by the department under this paragraph. : '

(c) The licensee or registrant may submit to the department a written responsetoa’ N~
statement of position submitted ifride; par. (b). The department shall send by certified mail to the:
worker or workers' représentative a copy of the response received by the department under this
paragraph. S ann g , v

k]

.. (d) Upon the requiest of the wd{!gér or workers’ representative or the licensee or registrant, - -
the department may Aext hold an informal conference in which the worker or the workers’
representative and the licensee or registrant may orally present their views on the reason for the
initial request for inspection. Disclosure of the identity of the worker or the workers’ representative
may be made only followirg fei;éipt of written authorization from the worker or the workers’ -
representative. After considering all written and oral views presented, the department shall affirm,
modify or reverse the original determination and furnish the worker or the workers’ representative
and the licensee o registrant a written notice of the decision and the reason for the decision.

- 1o I N R R .

"Note: Requests may be made in writing to: Department of Health and Family Services,

Radiation Prote‘ctié’n‘Septibn, PO Box 2659, Madison W1 53701-2659.

[ -

~

Subchapter Xll - Enforcement
.. HFS 157.90 Violation and penalty criteria. (1) SEVERITY LEVELS. (a) Each violation of a -
condition of a license or registration or a requirement of ss. 254.31 to 254.45, Stats., or this chapter’’
shall be classified as specified in pars. (b) to (f) after considering all of the following: -

1] The actual or botentiéi‘injury to the environment or to occupational or public health. - N
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2. The actual or potential costs of the damage or injury to the environment or to '
occupational or public health caused by the violation.

3. The potential danger to the environment or to ‘oc‘cupational or public health.

S

4. The willfulness of the violation.”

5. The compliance history of the licensee or registrant. L

(b) A violation rnay be classified at severity level one if any of the following exist:..

1. Actual damage or injury to occupational or public health or to the environmentare™ ™
caused by the violation.

2. The violation is characterized by any of the following:

[

a. Willful action.

b. Multiple occurrence between inspections

‘c. Contnbutlon to one or more addmonal vrolatlons

(c) A v10lat|on may be classn‘" ed at severity level 2 if both of the following exist:

I [

1. The violation results in a circumstance that creates a srgmt" cant potentlal fori |nJury or
costs to occupational or public health or to the environment.

2. Any of the factors listed in par. (b) 2. are present.
(d) A violation may be classified at severity level 3 if any of the following exist:

1. The potential for danger to the environment or occupatlonal or publlc health is srgnlf icant.

o o —

72 Any of the factors lrsted in par (b)2 b and c. are present ) T

P

(e) A vrolatlon may be classrf’ ed at seventy level 4 if both of the followmg exrst

- § ). y;«-r.

1 The vrolatlon threatens the envrronment or occupational or public health. - RIS <
2. The potential for danger to the environment or occupational or public‘h'e'a‘lth is probable.

(f) A violation may be classified at severity level 5 if it is unlrkely to ‘cause actual costs or
injury to the environment or to occupational or publlc health .
. v o ot
Note: See Appendlx R for examples of severlty levels one through 5 vrolatlons .
=(2) ASSESSMENT OF FORFEITURES (@) The department may assess a dlrect forfelture )
for each violation. If the department assesses a forfeiture, the amount of the forfeiture shall be o
derived from Tables HFS 157.90A and 157.90B. )

()
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(b) A forfeiture assessment shall may not be less than $100 nor more than $100,000 for
each violation. . ) . o

Table HFS 157.90A

BASE FORFEITURES.- !

Type of User ‘Amount

~ .- - . LT 4

All licensees or registrants | . o - $5,000

Persons not licensed or registered $10,000

PR T i

Table HFS 157.90B

PERCENTAGE OF BASE AMOUNTS BASED ON SEVERITY LEVEL OF VIOLATION

Severity Level ‘ " Percent of Amouvnt
Listed in Table 157.90A

1

100
75
50
15

5

QA WN =

(c) Each day of continued violation constitutes a sepal;afe offénse.

: S SR Y AR A S . :
- .. (d) The department shall send written notice of a forfeiture assessment to the person

against whom the forfeiture is assessed. The notice shall specify.all of the following:

. 1. The forfeiture afnount. "

- ! -

.2.The violation and severity level of the violation on which the forfeiture is based. -

3. The statute or rule alleged to have been lv'iol‘ated.’ N

T 5
LS

4. Notice‘that"th‘é person }néy contest the dépéﬁment’s éssesément of a forfeiture by
requesting a hearing before the division of hearings and appeals.. The notice shall describe the
appeal process under s. HES 157.91 (4).+ . RS N

A A T N

(e) The department may, at any time, negotiate a seftlement related to a violation.
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(3) FORFEITURE PAYMENT. (a) A person against whom the department has assessed a
forfeiture shall pay the forfeiture to thé department within 10 days of the receipt of the notice under
sub. (2) (d). ' * '

. (b) Except as provided in par. (c), if a person contésts a forfeiture under s. HFS 157.91 -
(4), and the division of hearings and appeals upholds the forfeiture assessment, the person shall
pay the forfeiture within 10 days after receipt of the final decision after exhaustion of administrative
review.

(c) If a person petitions for judicial review under ch. 227, Stats., and the court upholds the
forfeiture assessment, the person shall pay the forfeiture within 10 days after receipt of the final
judicial decision. *: .~ . f ’ ‘ .

PR o ~

H < ¢

- - - .- D - ‘ T i
R PN Loas 1, L .o K

.- - Note:'Send forfeiture payments to: Department of Health and Family Services, Radiation
Protection Section, P.O. Box 2659, Madison, Wi 53701-2659. Certified mail may be sent to:
Department of Health and Family Services, Radiation Protection Section, 1 West Wilson St., Room
150, Madison," W1 63702-0007.-" ° T i ) o .

-3 -

(d) The department shall remit all forfeitures paid to the state treasurer for deposit ln thef I
school fund. ’ ' ‘

HFS 157.91 Notices, orders, reviews and appeals. (1) NOTICE OF VIOLATION AND
ORDER OF ABATEMENT. (a) If the department finds that a source of radiation as constructed,
operated or maintained results in a violation of ss. 254.31 to 254.45, Stats., or of this chapter, the
department shall notify in writing, the person in control that is causing, allowing or permitting the
violation as to the nature of the violation. The notification shall do all of the following:

1. Specify each statute, rule or condition of a license or registration alleged to have been
violated and the severity level of each violation. -

2. Order, that prior to a specified time, the person in control shall cease and abate causing,
allowing or permitting the violation and take such action as may be necessary to have the source
of radiation constructed, operated, or maintained in compliance with ch. 254, Stats., or this chapter.

--3. Give notice of any forfeiture assessment. ~ -© 7t o0 N

4. Give notice that an order issued under this paragraph is subject to review by the
department._ ‘ ) C

- .(b) If the department finds that a condition exisis that constitutes an immediate threat, the
department shall include in a notice of violation and order issued under par. (a), the recitation of
the existence of the threat and the findings pertaining to the threat.. The department may

Yoo E gy ey B, 4 PR B VO

summarily cause the abatement of the violation* "~ ' * S
ot ! ! o ‘»‘.e . :,:,: ' - ' e ,or: P ii,‘_’j:”;r:}i s oot
(c) Upon receipt of a notice of violation and order under this‘§ubSection the personin |

» - - YRR Y [P o Tt s - [

control shall do all of the following: e T \ o, .

. - - s L
’ 1 . - N d e . - w7

1. Cease and abate the violation and take action as necessary to comply.with ss. 254.31 to

254.45, Stats., or this chapter, before the time'spécified in the order.” B

i EI
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2. Send to the department a written plan of correction for each violation, within’10 days after

receipt of the notice of violation'and order, that describes the action taken to comply with the order
“and the date within which the violation was corrected. -

_ (d) The department shall, within a reasonable period after receipt of the plan of correction,
inspect the source of radiation to ensure that the violation that is the subject of an order under this
subsection is in compliance with ss. 254.31 to 254.45, Stats., and this chapter.

(e) The department may extend the period specified in par. (c) 2., for submission by the
person in control of a plan of correction. o N

‘Note: A plan‘of correction should be sent to: Department of Health and Family Services,
Radiation Protection Section, P.O. Box 2659, Madison, W1 53701-2659. Certified mail may be sent
to: Department of Health and Family Services, Radiation Protection Section, 1 West Wilson St.,

Room 150, Madison, W1 53702-0007. R

(2) PETITION FOR REVIEW. (a) A person to whom an order is issued under sub. (1) may
petition the department for review of the order by submitting within 10 days after receipt of the
department’s order, to the administrator of the division of public health, a written petition for review.
A petition for review shall include all of the following: e

1. Name and address of the person filing, the petition.
2. License number. ' o
" 3. Reason for"red'ﬂ:ésating the review.

4. Alternative splution.

1

5. Relief sought.

. 6. A copy of the notice of \'/iolgiti‘éﬁ'an“cvi order. subject to review; .
© 7. Written docqmentatiqn in :support of the petition for review, - .- -

Note: A petition for review should be sent to: Department of Health and Family Services,
Radiation Protection Section, P.O. Box 2659, Madison, WI §3701-2659. Certified mail may be sent
to: Department of Health and Family Services, Radiation Protection Section, 1 West Wilson St,

Room 150, Madison, WI 53702-0007.

denial of the reviéw. ," - : . -

(b) Failure to petition the department for review as required under par. (a) may result in a
f LA o ‘

C s . N LIPS N L Ll -t
(3) EMERGENCY ORDERS. (a) If the department finds that an emergency exists .. .
concerning a matter subject to regulation under ss. 254.31 to 254.45, Stats., or this chapter, that
requires immediate action to protect the public health or safety, the.department may issue an
emergenicy order without hearing or notice. The order shall recite the existence of the emergency .
and state such action the department deems necessary to mitigate the emergency.
s i b
* ' (b) An emergency order shall be issued within 24 hours of finding the emergency and shall
be effective upon issuance. An emergency’ order shall remain in effect for up to 90 days after
issuance, unless revoked or modified by the results of a hearing held under sub. (4). Any person
to whom an emergency order is issued shall immediately comply with the order.

284



(c) A person to whom an emergency order is issuied may contest the action by filing With the
division of hearings and appeals, within 10 days after receipt of the emergency order, a written
request for.hearing under sub. (4). : ) ) ’ ’

. - .
L} - - -

(4) HEARING. (a) Any person against whom the department takes an action under sub. (3)
or s. HFS 157.90 (2), may contest the action by sending to the division of hearings and appeals,
within 10 days after receipt of the action, a written request for hearing unders. 227.44, Stats. The

hearing request shall contain all of the following: '
1. Name and address of the person filing the request.
2. The license number.
3. Reason %or ihe Bearing request.” - T . - I
: 4 i:lelief sougl;t. .

5. A copy of any notice issued by the department that is the subject of the action.

(b) Materials mailed to the division of hearings and appeals shall be considered filed with
the division on the date of the postmark. Materials submitted by personal service or by inter-
departmental mail shall be considered filed on the date the materials are received by the division.
Materials transmitted by facsimile shall be considered filed on the date the materials are received
by the division as recorded on the division facsimile machine. ‘ e

Note: The mailing address of the Division of Hearings and Appeals is: 5005 University
Avenue, Suite 201, Madison, W1 53705-5400. The facsimile transmission number is 608-267-
2744, . . . s - ' )

(c) On the date a hearing request is sent to the division of hearings and appeals under par.
(a), the petitioner shall send a copy of the hearing request to the department. e Y

Note: A copy of the hearing request should be sent to: Department of Health and Family
Services, Radiation Protection Section, P.O. Box 2659, Madison, WI 53701-2659. Certified mail
may be sent to: Department of Health and Family Services, Radiation Protection Section, 1 West
Wilson St, Room 150, Madison, WI '53702-0007."- ) ' ' ) LT

" " (d) The division of hearings and appeals shall commence a hearing within 30 days of
receipt of a request for hearing and issue a final decision within 15 days after the ‘close of the
hearing. Proceedings before the-division shall be governed by ch. 227, Stats. ;

- - - 5L

Subchapter Xlil — Transportation L

HFS 157.92 General reéulatory provisions. (1) REQUIREMENT FOR LICENSE. No
person may transport radioactive material or deliver radioactive material to a carrier for transport
except as authorized in a general or specific license issued by the department under s. ?:55.365,

Stats., or unless exempt undersub. (2). ©~ - T . .

(2) EXEMPTIONS. (a) Common and contract carriers, freight forwarders and warehouse .
workers who are subject to the requirements of 49 CFR 170 to 189 or the U.S. postal service
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regulations in the U.S. postal service domestic mail manual (DMM), Section C-023.9.0, and the
U.S. postal service are exempt from the requirements of this section to the extent that they
transport or store radioactive material in the regular course of their carriage for others or storage \/

incident thereto.” Common'and contract carriers who are not subject to the requirements of the
U.S. department of transportation or U.S. postal service are subject to sub. (1).

(bYA licensee Whéfdéliﬁers]ii a car}fer for trénsp_ort a package containing radioactive. . -

material having a specific activity riof greater than 70 becquerel per gram (0-002.1+Gifg) shall.be is
exempt from the requirements of this subchapter. .

Note: The U.S. postal service domestic mail manual (DMM), Section C-023.9.0, is available
at http://pe.usps.qgov/.

(c) Any physician licensed by the state of Wisconsin to dispense drugs in the practice of
medicine is exempt from sub. (1) with respect to transport by the physician of radioactive material
for use in the practice of medicine provided the physician is an authorized user under subch. Il of
this chapter.

(d) Alicensee is exempt from all requirements of this subchapter except sub. (3) (a) and s.
HFS 157.94 (2), with respect to shipment or transport any of the following:

1. Packages containingx r:16 more than Type A quantitieé of radioactive material if the
package contains no fissile material. : e v

2. A package ‘contéining low s;;eciﬁc activity G:SA)'material in grbup LSA-1 or surface
contaminated objects {SGO) in group SCO-1.

< B

(3) TRANSPORT OF LICENSED MATERIAL. () A licensee who transports licensed * + -~/

material outside the site of usage, as specified in the department license, or on public highways, or-
to a carrier for transport, shall do all the following:
1. Comply with the reqqiréméﬁts, appropriate to the mode of trarisport,"of the regulations of
the U.S. department of transportation in all the following areas:
-~ a. Packaging — 49 CFR 173: Subparts A and B and I.

‘b. Marking and labefing -49 CFR 172: Subpart D, 172.400 to 172.467, 172.436 to 172.440 -
and Subpart E.

c. Placarding ~ 49 CFR 172: Subpart F, especially 172.500 to 172,519, 172.556 and
Appendices B and C. T .

d. Accident reporting - 49 CFR 171: 171.15 and 171.16. ]

e. Shipping papers and emérgency informatio}l -49 CFE? 1%2: Su‘bpart C and Subpart G.
) f.'!-ieﬁr»zérdous‘ _méﬁqfié}”emplo’yeié.‘tréining - 49 CFR 172:~Subp’ar1' H: - ﬂ
3 9. Hézardous'Hwaté‘ria‘l"shipber/carrier rééistration - ;19 CFR 107 Subpaﬁ G.

., 2..Comply with U.S. department of transportation regulations pertaining to all the following
modes of transportation: A
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a. Rail — 49 CFR 174: Subparts A to D and K.

b. Air - 49 CFR 175.

c. \/essel -49 CFR 1:76: Subparts A to Fand M.

d. Public Highway -~ 49 CFR 177 and 1}9 CFR 390 to 397.

3. Send or otherwise make available any special instructions needed to'safely open the
package to the consignee under s. HFS 157.29 (6) (e).

.(b) If the regulations of the U.S. department of transportation are not applicable toa
shipment of licensed material, a licensee shall comply with the requirements of 49 CFR 170 to 189,
appropriate to the mode of transport as if the shipment was subject to the regulations. A request
for modification, waiver or exemption from these requirements and any notification referred
to in these requirements shall be submitted in writing to the department.

Note: A request for modification, waiver or exemption shall be submitted to the
department at the following address: Department of Health and Family Services, Radiation
Protection Section, P.O. Box 2659, Madison; WI 53701-2659. Certified mail may be sent to:
Department of Health and Family Services, Radiation Protection Section, 1 West Wilson St,
Room 150, Madison, WI 53702-0007. Requests may be sent by facsimile to 608-267-3695. "

~HFS 157.93 General licenses. (1) COMMON OR CONTRACT CARRIER. A general
license is issued to any common or contract carrier not exempt under s. HFS 157.92 (2) to receive,
possess, transport and store radioactive material in the regular course of their carriage for others’or
storage incident thereto, provided the transportation and storage is under the applicable o
requirements, appropriate to the mode of transport, of the U.S. department of transportatlon 49
CFR 170 to 189 relating to loading and storage of packages, placarding of the transportmg vehicle
and incident reporting. Notification of an incident shall be filed with the department as prescnbed
in 49 CFR 170 to 189, in addition to notification made to the U.S. department of transportation or
other agencies. . )

(2) PRIVATE CARRIER. A general license is he.ceby issued to any private carrier to
transport radioactive material, provided the transportation is under the applicable requirements,
appropriate to the mode of transport, of the U.S.-department of transportation insofar as the
requirements relate to the loading and storage of packages, placarding of the transporting vehicle
and incidentreporting. Notification of an incident shall be filed with,-or-rade-to, the department as
prescribed in 49 CFR 170 to 189;+egardless-ef-and in addmon to notnf cation made to the U S.
department of transportatlon or other agenmes

~

.
n‘-

(3) EXEMPT!ON A person who transports radloactlve matenal under the general licenses
in subs (1) or (2) is exempt from the requirements of subchs. Il and X only for the purposes of
transporting radioactive matenal .

(4) NUCLEAR REGULATORY COMMISSION-APPROVED PACKAGES (a) A general
license is hereby issued to any licensee to transport, or to deliver to a carrier for transport, Ilcensed -
material in a package for which a license, certificate of comphance or other approval has been |ssued
by the nuclear regulatory commission.
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(b) The general license issued in par. (a) applies only to a licensee who meets all the following
criteria:

1. Has a copy of the specific license, certificate of compliance, or other approval by the nuclear
regulatory commission of the package and has the drawings and other documents referenced in the
approval relating to the use and maintenance, of the packaging and to the actions to be taken prior to
shipment.

2. Complies with the terms and conditions of the license, certificate, or other approval by
the nuclear regulatory commission, as applicable, and the applicable requirements of this
subsection.

3. Prior to the licensee's first use of the package, has registered with the nuclear regulatory
commission. . Lo .

4. Has a quality assura,nce program that complies with s. HFS 157.94 (6).

(c) The general li‘cen'se in par. (a) applies only when the pabkage app}oval authorizes use
of the package under this general license. : AT
L (d)A ForaType B 01: fissile material package, the desigfn of whicb ;/”\}aé approved by the' -
nuclear regulatory commission before April 1, 1996, the general license issued in par. (a) is subject
to the additional restrictions of sub. (5). 1. :

(5) PREVIOUSLY APPROVED PACKAGE. (a) A Type B package previously approved by the
nuclear regulatory commission, but not designated as B(U) or B(M) in the identification number of the
nuclear regulatory commission certificate of compliance, may be used under the general license of
sub. (4) if the packaging meets all the following conditions: "

. 1. Fabrication of the packaging was satisfactorily completed before August 31, 1986, as
demonstrated by application of its model number in accordance with nuclear regulatory commission
regulations at 10 CFR 71.85(c). :

2. A package used for a shipment to a location outside the United States is subject to
multilateral approval, as defined in US department of transportation regulations at 49 CFR 173.403.
" 3. Aserial nu?ﬁbe[ that uﬁiquely identifies each packaging which conforms to the approved
design ig assigned to, and legibly and durably marked on, the outside of each packaging. ‘

(b) A Type B(U) package, a Type B(M) package, a low specific activity material package or a
fissile material package, previously approved by the nuclear regulatory commission but without the
designation "-85" in the identification number of the nuclear regulatory commission certificate of
compliance, may be used under the general license of sub. (4) if the packaging meets all the following
additional conditions: | ce ‘ ' -

1. Fabrication of the package is satisfactorily completed by April 1, 1999, as )
demonstrated by application of its model number in accordance with nuclear requlatory

commission requlations at 10 CFR 71.85(c).

F2_. A packagé\ﬂs’ed for a shipment to a location outside the United States is subject to
multilateral approval except approved under special arrangement in accordance with US
department of transportation regulations at 49 CFR 173.403.
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3. A serial number that uniquely identifies each packaging and which'conforms to the
approved design is assigned to and legibly and durably marked on the outside of each packaging.

(6) US DEPARTMENT OF TRANSPORTATION SPECIFICATION CONTAINER @A
general license is issued to any licensee to transport, or to deliver to a carrier.for transport, licensed
material in a specification container for fissile material or for a Type B quantity of radioactive matenal
as specified in 49 CFR Parts 173 and 178.

(b) The general license issued in par. (a) applies only to a licensee who meets all the
following criteria:

- 1. Has a copy of the specification for the container. -

2. Complies with the terms and conditions of the specification and the applicable requnrements
of this subchapter .

H -

3.Hasa quahty assurance program that complies wrth s. HFS 157.94 (6).

(c) The general license issued in par. (a) is subject to the limitation’ that the specrf ication
container may not be'used for a shipment to a location outside the United States except by multilateral
approval as defined in 49 CFR 173.403.

(7) USE OF FOREIGN APPROVED PACKAGE. (a) A general Ircense |s issued to any
licensee to transport, or to deliver to a carrier for transport, licensed material in'a package whose
design has been approved in a foreign national competent authority certificate and which has been
revalidated by the US department of transportation as meetmg the apphcable requrrements of 49 CFR
171.12. .

2

~(b) The general Iicense in par. (a) applies onlj/ to- international shipments S ;f\
(c) The generaI Ilcense in par. (a) appIIes onIy to a Ilcensee who meet aII the followrng cntena f

1. Has a copy of the applicable certificate, the revalidation, and the drawings and other o
documents referenced in the certificate relating to the use and maintenance of the packaging and to
the actions to be taken prior to shipment. TR

. ..2. Complies with the terms and condltrons of the certifi cate and revaIrdatlon and with the
requrrements of thls subchapter.” -

1-
1

3. :Fhekeensee Has a quality assurance program approved by the nuclear regulatory
commission. . Ce

HFS 1 57 94 Operatmg controls and procedures (1) ROUTINE DETERMINATIONS
Prior to each shrpment of Ilcensed materlaI a Ilcensee shaII determine all the foIIowmg

1 - at

(a). The package is proper for the contents to be shlpped

ST
iy

(b) The package isin unlmpalred physical condition except for superficial defects such as
marks or dents.
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(c) Each closure device of the packaging, including any required gasket, is properly
installed and secured and free of defects. . -

- (d) Any system for containing liquid is adequately sealed and has adequate space or other
specified provision for expansion of the liquid. , ' ,

(e) Any pressure relief device is operable and set under written procedures established by
the carrier or licensee. ’ . . '

D -

(f) The package has been loaded and closed under written procedures established by the
carrier or licensee. - - - ) T

(g) For fissile material, any moderator or neutron absorber, if required, is present and
in proper condition.

- ' {g) (h) Any struéturaf pa‘rt"of the package that ean’may be ﬁsed to lift or tie down a package
during transport is rendered inoperable unless it satisfies design requirements specified by the
issionNRC. .

{m(i) The level of removable radioactive contamination on the external surfaces of each
package offered for shipment is as low as reasonably achievable and does not exceed the levels
specified in 49 CFR 173.443. ' ) _— x

{h(i) External radiation levels around the package and around the vehicle do not exceed the
limits specified in 49 CFR 173.441. . o

. (k) Accessible package surface temperatiires will not exceed the limits specified in
10 CFR 71.43(qg) at any time during transportation. ) ’

(2) AIR TRANSRORI OF PLUTONIUM. Notwithstanding the provisions of any general
licenses and notwithstanding any exemptions stated directly in this section or included indirectly by
citation of the U.S. department of transportation regulations, a licensee may not transport or deliver
plutonium in any form by air, or deliver to a carrier for air transport, except under any of the
following conditions: L :

(a) The plutonium is contained in a medical device designed for individual human
application.

" ""(b) The plutonium is contained'in 4 material in which the specific a.citivity is not greater than
70 becquerel per gram (0.002 uCilg) of material and in which the radioactivity is essentially
uniformly distributed. T - Lo e ’

(c) The plutonium is shipped in a single package containing no more than an A, quantity of
plutoniqm in any isotope or form and is shipped as provided in s. HFS 157.92 3). -
(d) The plutoniljm is shibbéd ina package sbeciﬁcally au{horized iﬁ a certificate of
compliance issued by the nuclear regulatory commission for the shipment of plutonium by air, and
the licensee requires, through special arrangement with the carrier, compliance with 49 CFR

175.704. : : ‘
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(3) SHIPMENT RECORDS. A licensee shall mamtaln for a period of 3 years after shlpment
a record of each shipment of licensed material not exempt under s. HFS 157.92 (2), showing all of
the following:

R 3
s

(a) ldentification of the packaging by model number and serial number.
+ '(b) Verification that the packaging, as shipped, had n‘o‘s'iigniﬁc_ant defect. .
(c) Volume and identiﬂcation of coolant.

(d) Type and quantity of licensed material in each package and the total duantity of each
shipment. - )
, 4

(e) Date of the shlpment o . .-
(f) Name and address of the transferee
(9) Address to Wthh the shipment was made.

- (h) Results of the determinations required by sub.’(1) and by ‘the’ condmons of the package .
approval.

' Note: The approval of packaging and the condmons or Ilmltatlons of that approval
are reserved solely to the NRC.

_* (4) REPORTS. Alicensee shall provide a written report to the department within 30 days of -
any of the following:

‘(a) Any instance in which there is srgnrflcant reduction in the effectlveness of any R
packaglng during use.

(b) Details of any defects with’safety significance in the p‘act{at_:;ing after first usé, and the

means employed to repair the defects and prevent their recurrence e
(c) lnstances in which’ the condmons of approval |n the certrt” cate of complrance were not

observed in makmg a shlpment .

s - B
E [y -

-

(5) ADVANCE NOTIFICATION OF -TRANSPORT OF NUCLEAR WASTE (a) Prior to the
transport of any nuclear waste meeting the criteria in par (b)c outsrde of the cont” nes of the .
licensee's facility or other place of use or storage, or prior to the delivery of any nuclear waste toa
carrier for transport, each licensee shall provide advance notifi catlon of the transport to the
governor,’or governors deS|gnee and to the department
. Note Notification of transport of nuclear waste may be sent to: D|V|5|on of Emergency
Management, 2400 Wright Street, Madison, Wisconsin, 53704. Notification’ may also be made by: ..
telephone at 608-242-3232; or fax at 608-242-3247. The telephone number of the 24-hour duty
offcer|s18009430003 ‘ T

!‘ .

.}

. ey

“(b) Advance notlt" catlon is’required’under‘any'of the‘f'ollowin‘g’;: caﬁaffi'é’r{s; J S

1. The nuclear waste is required to be in Type B packaging “for transportatlon
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2. The nucleariwgst.e is being transported through Wisconsin en route to a disposal facility
or to a collection point for transport to a disposal facility. , R - .

3. The quantity of licensed material in a single package exceeds any of the follcswing
criteria: . - :

a. Three thousand times the A, value of the radionuclides as specified in Appendix O, Table
VI for special form radioactive material.

b. Three thousand times the A, value of the radionUcliées as specified in Appendix O, Table
VI for normal form radioactive material. . :

¢. One thousand terabecquerel (27,000 Ci).
(c) Each advance notification required by par.(a) shall contain all the following information:

1. The name, address and telephone number of the shippér, carrier and receiver of the
shipment. . : .

2. A description of the nuclear waste contained in the shipment as required under 49 CFR
172.202 and 172.203. - ’

3. The point of origin of the shipment and the 7-day period during which departure of the
shipment is estimated to occur~ "~ ~ - - )

4. The 7-day period during,which arrival of the shipment at state boundaries is estimated to
occur. : -

3

5. The destination of the shipment and the 7-day period during which arrival of the shipment
is estimated to occur. ’ PO

6. A point of contact with a telephone number for current shipment information.

(d) The notification required by par. (a) shall be made in writing to the office of the governor,
or governor's designee, and to the department. A notification delivered by mail mustbe -
postmarked at least 7 days before the beginning of the 7-day period during which departure of the -
shipment is estimated to occur. A notification delivered by messenger or facsimile shall reach the
office of the governor, or governor's designee, and the department at least 4 days before the
beginnifig of the 7-day period during which departure of the shipment is estimated to occur. A
copy of the notiﬁcatiqn‘sl'ie.a[lrbe }gtainegi by the licensee for 3 years: -, .

(e) A licensee shall notify the governor, or govérnor',s‘designee, .and the department of any .
changes to schedule information provided under par. (a). Notification shall be by telephone or
facsimile to a designated responsible individual in the office of the governor, or governor's
designee, and to the department. A licensee shall retain for 3 years a record of the name of the.

individual contacted. ;. ~ L e

(f) A licensee who cancels a nuclear waste shipment for which advance notification has
been sent shall send to the governor, or governor's designee, and to the department a cancellation
notice identifying the advance notification that is being canceled.” A copy of the notice shall be
retained by the licensee for 3 years. '
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(6) QUALITY ASSURANCE REQUIREMENTS (a) Unless exempted by the department a
licensee shall establish, maintain and execute a quality assurance program to verify that
deficiencies, deviations and defective material and equipment relating to the shipment of packages
containing radioactive material are promptly identified and Corrected.

- (b) Alicensee shall identify the material and components to be covéred by the quality
assurance program.

+ (c) A licensee shall document the quality assurance program by wrrtten procedures or -
Jinstructions and shall carry out the program under those procedures throughout the period dunng
which packaging is used.

- (d) Prior to the use of any package for the shlpment of radioactive matenaI a licensee shall
obtam approval of its quality assurance program from the'department.” -~ -

-~. . (e)Alicensee shall maintain written records to demonstrate comphance w:th the quahty
assurance program. Records of quality assurance pertarnlng tothe use of a package for shlpment
of radioactive material shall be retained for.a penod of 3 years after shlpment ’

(RS H
(7) ASSUMPTIONS AS TO UNKNOWN PROPERTIES OF FISSILE MATERIAL. When the
. isotopic abundance, mass, concentration, degree of irradiation, degree of moderatlon orother _ .
pertinent property of fissile material in any package is not known, the licensee shaII package the fissile
material as if the unknown propertles have credrble vaIues that erI cause the maxrmum neutron
muItlphcatlon R S :

¢ L ~ -

B N [ A B

1(8) PRELIMINARY DETERMINATIONS Prior to ‘the first use of any packaglng ‘for_the
shlpment of radioactive material a licensee shall do all the following:

.(a) Ascertain that there are no defects that couId s19n|t” cantly reduce the effectlveness of the
packaglng ey : .
xx (b) Where the maxnmum normaI operatlng pressure will ‘exceed 35 kllopascal (S Ib/i n2) gauge
test the containment system at an internal pressure at least 50 percent higher than ‘the maximum
normal operating pressure to venfy the capablllty of that system to mamtam |ts structural lntegnty ‘at

that pressure. o .

N N 4
s . L .
,«*. r e ie

(c) Determlne that the packaglng has been fabncated in accordance w1th the desrgn approved
by the nucIear regulatory commission. ¢ S

(d) Consplcuously and durably mark the packaglng with its model number, serial number,
gross weight, and a package identification number as assrgned by the nuclear regulatory commission.

Cmp e e ST N S A .

Subchapter XV = Radloactlwty in Communlty Water Systems

— - e o

e v R it GA w e

" "HFS 157.95 Exemptions. A communlty water system is exempt from the provrsrons of this ..
subchapter if all of the following apply:” R .

(1) The community water system consists solely of distribution and storage facilities.

(2) The community water system does not include collection and treatment facilities.
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R (<)) The,com[nunity water system obtains all water from; but is not.owned or operated by, a
‘public water system to‘which the rules of this subchapter apply: . ... S

™ y LR

(4) The céfhﬁ)bnity’\i\/ater system does not sell wéiér to anprerson. '

(5) The community water system is not a carrier that conveys passengers in interstate
commerce. C T

, HES 157.96 Requirements. (1) MAXIMUM CONTAMINANT LEVELS. (a) Alpha activity.
1. The maximum’'contaminant level for radium-226 and radium-228 in community water systems is
5 pCilL. A ~ ~

2. The maximum contaminant level for gross alpha particle activity in community water
systems is15 pCi/L, including radium-226, but excluding radon and uranium. ce

.-.(b) Beta particle and photon radioactivity from man-made radionuclides in community water
systems. 1. The average annual concentration of beta particle-and photon radioactivity. from man-
made radionuclides in drinking water may not produce an annual dose equivalent to the total body
or any internal organ greater than 0.04 millisievert (4 millirem).

) . T B S P I e D T S P :

2. Except for the radionuclides listed in Table HFS 157.96A, the concentration of man-made
radionuclides causing 0.04 millisievert (4 millirem) total body or organ dose equivalents shall be' "
calculated on the basis of a 2-liter per day drinking water intake using the 168 Rour data listed in "~
“Maximum Permissible Body Burdens and Maximum Permissible Concentrations of Radionuclides
in Air or Water for Occupational Exposure”, National Council on Radiation Protection and
Measurements Report No. 22. If 2 or more radionuclides are present, the sum of their annual dose
equivalent to the total body or to any organ may not exceed 0.04 millisievert (4 millirem). R

Note: The publication “Maximum Permissible Body Burdens and Maximum Permissible
Concentrations of Radionuclides in Air or Water for Occupational Exposure” in the National Council
on Radiation Protection and Measurements Report No. 22, is the same document as Handbook 69
published by the National Bureau of Standards and which the Department received pe'rmission
from the Attorney General and the Revisor of Statutes on March 22, 1982 to incorporate into ch:
HSS 157 by reference. The reference is no longer available through the federal government and’
thie National Bureau of Standards no longer exists. However, the document may be consulted at
the Department’s Radiation Protection Section at 1 W. Wilson St. in Madison, W1 or the Revisor of
Statutes Bureau or the Secretary of State’s Office and may be ordered from: NCRP, 7910
Woodmont Avenue, Suite 800, Bethesda MD, 20814. - .

S0 .. c TABLEHFS157.96A . . .. .

AVERAGE ANNUAL CONCENTRATIONS ASSUMED TO PRODUCE A TOTAL BODY OR
. OBGAN DOSE OF 4 MILLISIEVERT (4 MILLIREM)/YEAR

>~

+  Radionuclide,. - *~ > CriticalOrgan -~ .: " "+ °  pCjperliter "
Tritium Total body N 20,000

Strontium-90 Bone marrow 8 ‘-

Lt b
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(2) ANALYTICAL METHODS FOR RADIOACTIVITY IN WATER. (a) Standard radionuclide.

The following methods used to measure radionuclides and specified in “Prescribed Procedures for
Measurement of Radioactivity in Drinking Water” EPA-600/4-80-032 shall be used to determine
compliance with sub. (1), except in cases where alternatlve methods have been approved under
sub(4) ] o ) ) e e -

1 Gross Alpha and Beta - Method 900. '

2. Gross Radium Alpha — Method 900.1.

3. Radium-226 — Method 903.1.

4. Radioactive Strontium Method 905.

5. Tritium — Method 906. . . . S .
- 6. Radioactive Cesium Method 901. -~ - o

7. Uranium — Method 908 or 908.1. : | | !

1+ Note: The publication “Prescribed Procedures for Measurement of Radloactrvrty in Drinking

Water EPA-600 4-80-32, is on file in the Revisor of Statutes Bureau and the Secretary of State’s
Office and is available on-line at http://www. epa. qov/safewater/methods/rads html )

(b) Other radlonuclldes When the identification and measurement of radionuclides other
than those listed in par. (a) is required, the following references shall be used, except in cases .-
where altematrve methods have been approved under sub (4)

1. Procedures for Radiochemical Analysis of Nuclear Reactor Aqueous Solutrons H L .
Krieger and S. Gold, EPA-R4-73-014, May 1973. - ~ , S

- 4\ - L

2. Section 4.5.4 of the Health and Safety Laboratory Procedure Manual pertalnlng to testlng

water, ERDA-HASL 300, 28" Edition.

Note: 1. The Procedures for Radiochemical Analysis of Nuclear Reactor Aqueous .
Solutions, H. L. Krieger and S. Gold, EPA-R4-73-014, May 1973, is available upon written request :
to: Department of Health and Family Servrces Radratlon Protectron Sectron PO Box 2659

Madison, WI 53701-2659

1 -~

- . - ST T ]

2. The Health and Safety Laboratory Procedure Manual ERDA-HASL 300, 28‘h Edltlon
1997, is available on-line at www.eml.doe.qgov/publications/procman/ or by ordering from: The
Environmental Measurements Labatory (EML) 201 Varlck St NY NY 10014-4811 e -

(c) Sensrtlwty 1. For the purpose of monrtorlng radroactlvrty concentrations in dnnkrng
water, the required sensmvrty of the radioanalysis is defined in terms of a detection limit. The
detection limit shall be that concentration that may be counted with : a precision of plus or mlnus o
100 percent at the 95 percent confidence level where 1 96 is the standard devratlon of the net
counting rate of the sample.

- - L Y £
s [ ’ : EERIS AU £ O

12. To determine comphance with sub. (1) (a) 1., the detectlon limit may not exceed one
pCi/L. To determine compliance with sub. (1) (a) 2., the detection limit may not exceed 3 pCi/L.
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. 23.To determip‘e. compliance with sub. (1) (b), the detection limits may not exceed the
concentrations listed in Table HFS 157.96B. ‘ :

el

" TABLE HFS 157.96B

DETECTION LIMITS FOR MAN-MADE BETA PARTICLE AND PHOTON EMITTERS

Radionuclide Detection Limit

Tritium 1,000 pCi/L.

Strontium-89 - 10 pCilL

Strontium-90 2 pCi/L.

lodine-131 1 pCi/l

Cesium-134 : 10 pCi/lL

Gross beta 4 pCi/L

Other radionuclides 1/10 of the applicable limit

(d) Compliance. To judge compliance with the maximum contaminant levels listed in sub.
(1), averages of data shall be used and shall be rounded to the same number of significant figures
as the maximum contaminant level for the substance in question.

. (3) MONITORING FREQUENCY IN COMMUNITY WATER SYSTEMS. (a) Monitoring
requirements for gross alpha particle activity, radium-226 and radium-228. 1. Compliance with sub.
(1) (a) shall be based on the analysis of an annual composite of 4 consecutive quarterly samples
or the average of the analyses of 4 samples obtained at quarterly intervals.

" 'a. Agross alpha particle activity measurement may be substituted for the required radium-
226 and radium-228 analyses provided that the measured gross alpha particle activity does not
exceed 5 pCi/L at a confidence level of 95 percent, where 1.96 is the standard deviation of the net
counting rate of the sample. In localities where radium-228 may be present in drinking water, the
department may require radium-226 or radium-228 analyses or analyses of both when the gross
alpha particle activity exceeds 2 pCi/L.

b. When the wgr'bss alphé p~ér‘tvicle é;:tivity exceeds 5 pCi/L, the same or an equivalent
sample shall be analyzed for radium-228.

. 2. Asupplier of water shall mtohitor water supplies at least once every 4 years following the
procedure required by subd. 1. At the discretion of the department, when the record taken in B
conformance with subd. 1. ‘establishes that the average annual concentration is less than half the .

maximum contaminant levels established by sub. (1) (a), analysis of a single sample may be
substituted for thg quarterly sampling procedure required by subd. 1.

a. When ordered by the departrient, more frequent monitoring shall be conducted in the .
vicinity of mining or other operations that may contribute alpha particle radioactivity to either
surface or groundwater sources of drinking water.

b. A supplier of water shall monitor in conformance with subd. 1. within one year of the -
introduction of a new water source for a community water system. More frequent monitoring shall "
be conducted when ordered by the department if possible contamination or changes in the '
distribution system or treatment processing occur that may increase the concentration of
radioactivity in finished water. . :

f
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c. A community water system using 2 or more sources having different concentrations of
;radioactivity shall monitor source water and water from a free-flowing tap wheh ’required‘ by the
department. . T . Tt o : ’

d. Monitoring for compliance with sub. (2) (a) need not include radium-228 except when
required by the department, provided that the average annual concentration of radium-228 has
been assayed at least once using the quarterly sampling procedure required by subd.1.

e. A supplier of water shall conduct annual monitoring of any ‘comrpunit)} \A;a_térrsryst'em in .
which the radium-226 concentration exceeds 3 pCi/L, when required by the department. -

3. If the average annual maximum contaminant level for gross alpha particle activity or total
fradium as set forth in sub. (1) (a) is exceeded, the supplier of a community water system shall give
notice to the department under sub. (7) and notify the public as’required by sub. (8). Monitoring at
quarterly intervals shall be continued until the annual average concentration no longer exceeds the
maximum contaminant level or until a monitoring schedule as a condition to a variance, exemption
or e’r_yforcement action is no longer effective in effect. - T e s

(b) Monitoring requirements for man-made radioactivity in community water systems. 1.
Community water systems using surface water sources and serving more than 100,000 persons
and any other community water systems as are designated by the department shall be monitored -
for compliance with sub.-(1) (b) by analysis of a composite of 4 consectitive quarterly sa"niples'qr
analysis of 4 quarterly samples. Compliance with sub. (1) (b) may be assumed without further ~" -
analysis if the average annual concentration of gross beta particle activity is less than'50 pCi/L and
if the average annual concentrations of tritium and strontium-90 are less than thése listed in Table
157.96A, provided that if both radionuclides are present, the sum of their annual dose equivalents *
to bone marrow does not exceed 4 millirem. ) ) .

a. If the gross beta particle activity exceeds 50 pGi/L, an analysis of the sample'shall be
performed to identify the major radioactive constituents present. The appropriate organ and total
body doses shall be calculated to determine compliance with sub. (1) (b).

"~ b.'A suppliér.of water shall conduct additional monitoring, as required by the department, to -
determine the concentration of man-made radioactivity in principal water"sheds'dgysigr)’ate_d by the
department, . - . ) ; . Coe a .. o

c. At thé'discretior'l of the department, a supplier of water utilizing only groundwaters may
be required to monitor for man-made radioactivity. .

-~

. 2. After the initial analysis required by subd. 1., a supplier of water shall rﬁbﬁitqf atleast - -

every 4 years following the procedure given in subd. 1. - o

o T - I

3. The supplier of any community water system designated by the department as utilizing
water subject to contamination by effluents from nuclear facilities shall initiate quarterly monitoring .
for gross beta particle and iodine-131 radioactivity and annual monitoring for strontium-90 a__n{d: 3

tritium. : ' '

a. Quarterly monitoring for gross beta particle activity shall be based onthe analysisof
monthly samples or the analysis of a composite of 3 monthly samples. " If the gross beta particle’
activity exceeds 50 pCi/L, an analysis of the sample shall be performed to identify the major
radioactive constituents present and the appropriate organ and total body doses shall be
calculated to determine compliance with sub. (1) (b).
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b For iodiqne§(1h3ﬂ1: a c":c')mposité‘of's_ consecutive daily samples shall be analyzed once’each
calendar quarter.” As required by the department, more frequent monitoring shall be conducted ™ -
when iodine-131 is identified in the finished water.

" c. Annual monitoyiné; fo‘r\stron'tiu’m-QO and tritium shall be conducted by means of the* ™
analysis of a cbmpqute of 4 consecutive quarterly samples or analysis of 4 quarterly samples.

.. d. Data obtained by the direct monitoring of water supplies in the areas surrounding nuclear
facilities may be utilized by the supplier where the department determines such data is applicable
to a particular community water system.

1 ”
¢ B '

_, .4.If the average a'ninual maximum contaminant level for man-made radioactivity specified in
sub. (1) (b) is exceeded, the operator of a community, water system shall give notice to the S
department under; sub. (7) and to the public as'required by sub. (8). - Monitoring at monthly
intérvals shall be continued until the concentration no longer exceeds the maximum contaminant
level or until 2 monitoring schedule as a condition to a variance, exemption or enforcement action
becomes effective.

3

. .(4) ALTERNATIVE ANALYTICAL TECHNIQUES. With the written permission of the
department concurred in by. the administrator of the U.S. environmental protection agency;an -
alternative analytical technique may be employed. An alternative technique shall be acceptable
only if it is substantially equivalent to the prescribed test in sub. (1) in both precision and accuracy '
as it relates to the determination of compliance with any maximum contaminant level. The use of
the alternative analytical technique shall-may not decrease the frequency of monitoring required by
sub. (3). .- ' T

(5) APPROVED LABORATORIES. For the purpose of deterrﬁining compliance with this
section, samples shall be considered only if the samples have been analyzed by a laboratory
approved by the department. - - . ; : . )

(6) MONITORING OF CONSECUTIVE PUBLIC WATER SYSTEMS. When a public water
system supplies water to one or more other public water systems, the' department of natural
resources may modify the monitoring requirements imposed by this section if the interconnection of
the systems justifies treating them as a single system for monitoring purposes. Any modified
monitoring shall be conducted under a schedule specified by the department of natural resources
and concurred in by the administrator of the U.S: environmental protection agency.

(7) REPORTING REQUIREMENTS. () Routine reports. Except where a shorter reporting
period is specified in this section, a supplier of water shall report the results of a test, measurement
or analysis required to be made under this section to the department within 40 days following the -
test, measurement or analysis.

) (by Noncompliance re,borﬁng. A supplier of water shall report to the department within 48

hours noncompliance with any drinking-waterrule-set-forth-in provision of this section, ini:ludirig_“

failure to comply with monitoring requirements.

(c) Exceptions. A supplier of water is not required to report analytical resulits to the
department when the department performs the analysis. .. > =~ .. .
i v . . - N ~ N Ll B .
(8) PUBLIC NOTIFICATION. Public notification shall be provided as prescribed in s. NR
809.81. ’ . ‘
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. ;: (9) RECORD MAINTENANCE. A supplier of water shall m'air]ta_ir! recq}gis as preséribed in
s. NR 809.82. ‘ B - : ’

-+ (10) VARIANCE AND EXEMPTIONS: Variances and expmptiohs‘ may be g’;’r}anted’ from any
requirement regarding a maximum contaminant level for radioactivity as prescribed'in ss. NR .
809.90 and 809.91. C - e

+

Subchapter XV - Registration of Radioactive Materials

HFS 157.97 Exemptions. (1) If a person utilizes raturally-occurring-or-accelerator-
produsced-radioastive-materalsZ-NARM in quantities less than those listed in Appendix B, the
person shall-be is exempt from the registration requirement and associated fee listed in this
subchapter.

(2) If a person is licensed by the department to possess, receive, use, transfer, own, or
acquire naturally-occurring or accelerator-produced radioactive materials, the person is exempt
from the registration requirement and associated fee listed in this subchapter.

(3) If a person is licensed by an agreement state or licensing state on or after July 1, 2003,
to possess, receive, use, transfer, own or acquire naturally-occurring or accelerator-produced
radioactive materials, the person is exempt from the registration requirement and associated fee
listed in this subchapter.

(4) If a person is exempt by the department for reasons other than those specified in subs.
(1) to (3), the person shall-be is exempt from the registration requirement and associated fee listed
in this subchapter.

HFS 157.98 Registration. (1) DEFINITION. In this section, “the year of registration” means
the period from January 1 to December 31 following the year in which the registration fee under
sub. (2) is received by the department.

(2) REGISTRATION APPLICATION. Except as provided in sub. (4), no person may
operate an ionizing radiation installation if the person has not been issued a notice of registration
by the department by January 1 of each year. Application for registration shall be made on a form
furnished by the department. An application for registration shall be accompanied by the fee
required under subs. (3) and (4), as applicable, and submitted to the department by December 31,
prior to the year of registration.

Note: An application for registration may be obtained by writing the Department at:
Department of Health and Family Services, Radiation Protection Section, P.O. Box 2659, Madison
WI53701-2659, or may be downloaded from the Department website:
http://www.dhfs.state.wi.us/licensing.htm.

-

(3) REGISTRATION FEE. (a) A medical, veterinary, industrial, academic, research project
or other site having radioactive materials in any quantity shall pay to the department, an annual
registration fee of $36 for each site.

(b) Following receipt of the registration fee, the department shall issue to the person in
control a notice of registration.
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(4) PENALTY FEE. If the annual registration fee is not paid by December 31 prior to the
year of registration, the installation shall pay.the department a penalty fee of $25, in addition to the

. b

registration fee, before being issued a new notice of registration.

.. . (5) AMENDMENT. REQUIREMENTS. A person in control shall notify the department of any
change in registration information within 30 days of the change. A fee is not required to record a
change in registration information.

SECTION 2. Chapter HSS 157 is repealed.
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The repeal, subchapters |, Ill, IV, V, Vill through XV and all Appendices contained in this
chapter shall take effect on the first day of the month following publication in the Wisconsin
Administrative Register, as provided'in s. 227.22 (2), Stats! Subchapters II, VI and VIl shall take
effect 30 days after signature by the Governor of an agreement transferring regulatory authority
over byproduct, source and special nuclear material to the State of Wisconsin.

Wisconsin Department of Health
and Family Services .

Dated: ' By:
. Phyllis J. Dubé

Secretary
SEAL:
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APPENDIX A

o

. EXEMPT CONCENTRATIONS ‘ N
" Column I
Liquid and
Column I solid concen-
‘ Gas concentration tration ’

Element (atomic number) b Radionuclide pCi/ml 1/ nCi/ml 2/
Antimony (51) Sb-122 3X10™

Sb-124 2X10*

Sb-125 1X103
Argon (18) Ar-37 1X1073

Ar-41 4X107
Arsenic (33) As-73 5X10°

As-74 5X10™

As-76 2X10*

As-77 8x10™
Barium (56) Ba-131 2X107

Ba-140 3X10%
Beryllium (4) Be-7 2X1072
Bismuth (83) Bi-206 4x10%
Bromine (35) Br-82 4X107 3X10°
Cadmium (48) Cd-109 2x1oj

Cd-115m 3X10

Cd-115 3X10* ~
Calcium (20) Ca-45 9X107%

Ca-47 5X10°
Carbon (6) C-14 1X10° 8X107
Cerium (58) Ce-141 9X10™

Ce-143 4X10*

Ce-144 1X10°
Cesium (55) Cs-131 2X107?

Cs-134m 6X1072

s Cs-134 9X10°

Chlorine (17) Cl1-38 9X107 4X107
Chromium (24) - Cr-51 : 2X10*
Cobalt (27) Co-57 5X107

Co-58 1X107

Co-60 5X10*
1/ Values are given in Column I only for those materials normally used as gases.
2/ uCi/g for solids

~
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Column IT

\ Liquid and
PO Column 1 solid concen-
o . ; S - Gas concentration ] tratipn
Element (atomic number) ' Radionuclide- " “pCi/ml 1/ ' nCi/ml 2/
Copper (29) : Cu-64 " 3X10”
Dysprosium (66) Dy-165 4X10°
Dy-166 4X107 \
Erbium (68). " Er-169 . 9X10™ :
EETE Er-171 1X1072
Europium (63) - Eu-152(9.2 h) exio?
Eu-155 s 2X10° <0
Fluorine (9) .- F-18 | 2X10°8 gx10?® =
Gadolinium (64) Gd-153 2X10° . .,
Gd-159 8X10™*: "t -
Gallium (31). - -. Ga-72 - Cax10
Germanium (32) Ge-71 ‘ 2X102.
Gold (79) 7" Au-196 , 2X10°
- Au-198 ' 5X10*
o Au-199 2X107
Hafnium (72) Hf-181 7X107
Hydrogen (1) .. * H-3 -5X10°® 3X107?
Indium (49) I+ In-113m 1X10?
e In-114m = 2X107
Todine (53) 1-126 3X107 2X107° -« -
o I-131 " 3X10” 2X10°
1-132 8X10 6X10™
I-133 1X10°® 7X1073. ;
K I-134 2X107 1X10°% ™
Iridium (77) - Ir-190 C 2x10% 7
Ir-192 _ 4X10%
Ir-194 T 3107 ©
Iron (26). ... Fe-55 K 8x10% = .
B Fe-59 ok 6X10%" -
Krypton (36) .* - -. Kr-85m _1X10°®
Kr-85 - 3X10° L
Lanthanum (57) .- La-140 pre 2X10* ¢
Lead (82) ' Pb-203 e 4X10° |
Lutetium (71) - Lu-177 RN X102 20 -

1/ Values are given in Column 1 only for those materials riormally ised as'gases. = "~

2/ uCi/g for solids.
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Column II

Liquid and
Column I solid concen-
Lo Gas concentration tration
Element (atomic number) ... Radionuclide pC/ml /| uCi/ml 2/ .
Manganese (25) ~ "Mn-52 , 3X10™*
Mn-54 1X1073 -,
Mn-56 S 1X107
Mercury (80) Hg-197m ‘ 2X103.
Hg-197 : 3X107
: ‘ Hg-203 , 2X10%*
Molybdenum (42) Mo-99 2X107
Neodymium (60) Nd-147 . 6X10*
Nd-149 : 3X107 -
Nickel (28) Ni-65 ) 1X10°
Niobium (Columbium) (41) Nb-95 o 1X1073
Nb-97 " 9X1073
Osmium (76) Os-185 .l 7X10%
Os-191m 3X102
Os-191 2X103
0Os-193 S 6X10™*
Palladium (46) - Pd-103 3X107
Pd-109 . 9X10*
Phosphorus (15) P-32 . 2X10™
Platinum (78) . Pt-191 : 1X10
© Pt-193m 1X10%
. Pt-197m 1X10?
| », . Pt-197 : 1X107
Potassium (19) K-42 3X107
Praseodymium (59) Pr-142 . 3X10*
Pr-143 A 5X10*
Promethium (61) Pm-147 : 2X10°
Cemae Pm-149 : : 4x10™
Rhenium (75) Re-183 S 6X103
- ' . Re-186 9X10™*
Re-188 - 6X10™
Rhodium (45) | Rh-103m C 1X10% o
Rh-105 Co 1x10®
Rubidium (37) . Rb-86 : N 7X10% .

1/ Values are given in Column I only for those materials normally used as gases.
2/ uCi/g for solids.
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" Column II

- Liquid and
- Column 1 solid concen-
.. Gas concentration  tration
Element (atomic number) Radionuclide * ¢ ' iCi/ml I/ ©° [Ci/ml 2/
Ruthenium (44) Ru-97 . . ... . - - —-4X107
: Ru-103 8X10™
Ru-105 - , 1X10°
Ru-106 1 1X10*
Samarium (62) Sm-153 \ 8X10*
Scandium (21) . Sc-46 4X10% -
Sc-47 . 9X10*
' Sc-48 ' 3X10%
Selenium (34) Se-75 S 3X10°
Silicon (14) Si-31 , ox10%" "
Silver (47) Ag-105 f 1X103
Ag-110m ‘ 3X10™
Ag-111 , 4X10*
Sodium (11) - Na-24 2X103
Strontium (38) Sr-85 - 1X103
' Sr-89 : 1X10*
Sr-91 7X10™
. Sr-92 : 7X10™
Sulfur (16) S-35 9X10® 6X10™
Tantalum (73) ™ Ta-182 4X10*
Technetium (43) Tc-96m 1X10" -
Tc-96 1X10°
Tellurium (52) Te-125m 2X10% .
Te-127m 6x10%
Te-127 3X1073-
Te-129m , . 3X10*
Te-131m g T 7 exa0t
SPT Te-132 e gy g
Terbium (65) Tb-160 -~ . " e T 4x10
Thallium (81) ~ ... T1-200 SRR " 4X10°
o X CTI201 v e ' -7 3x107
oo © T1-202 " SO b ¢ 1
S TI-204 et R T X
Thulium (69) - Tm-170: * - . “L5X10¢
Tm-171 CTsX10%— -

1/ Values are given in.Column I only for thosé materials nol'r}izallyguséd as gases.

2/ uCi/g for solids.

—
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o1

Column II
Liquid and
Column I solid concen-
. Gas concentration tration
Element (atomic number) . Radionuclide pCi/ml 1/ pCi/ml 2/
Tin (50) Sn-113 9X10™
Sn-125 2X10*
Tungsten (Wolfram) (74) W-181 , 4X1073
W-187 . 7X10%
Vanadium (23) V-48 : 3X10*
Xenon (54) Xe-131m 4X10°
Xe-133 3X10°
Xe-135 1X10°
Ytterbium (70) Yb-175 1X107
Yitrium (39) Y-90 2X10*
Y-91m 3X10?2
Y-91 3X10™
Y-92 6X10*
Y-93 3x10%
Zinc (30) Zn-65 . 1X103
Zn-69m 7X10™
Zn-69 2X107?
Zirconium (40) Zr-95 6X10™
Zr-97 : 2X10*:
Beta- and gamma-
emitting radioactive
material not listed
above with half-life
of less than 3 years. 1X10'10 1X10°¢

Note 1:Many radionuclides transform into other radxonuchdes In expressing the concentrations in
L Appendlx A, the activity stated is that of the parent radionuclide and takes into
. account the radioactive decay products. .-

Note 2:For purposes of s. HFS 157.09 (2) where there is involved a combination of radionuclides, .
the limit for the combination should be derived as follows: Determine for each
radionuclide in the product the ratio between the radioactivity concentration present
in the product and the exempt rad10act1v1ty concentration established in Appendix A
for the specific radionuclide when not in combination. The sum of such ratios may
not exceed "1".

1/ Values are given in Column I only for those materials normally used as gases.

2/ uCi/g for solids. -
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Example: Concentration of Radionuclide A in Product +
Exempt concentration of Radionuclide A

Concentration of Radionuclide B in Product <1
Exempt concentration of Radionuclide B

Note 3:To convert pCi/ml to ST units of megabecquerels per liter rﬁﬁltiply_the above values by 37.

Example:”  Zirconium (40) Zr-97 (2x10™* pCi/ml multiplied by 37 is equivalent to 74 x 10™
MBq/l). .
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APPENDIX B

EXEMPT QUANTITIES
Radioactive Material Microcuries
Antimony-122 (Sb 122) 100
Antimony-124 (Sb 124) 10
Antimony-125 (Sb,125) 10
Arsenic-73 (As 73) 100
Arsenic-74 (As 74) 10
Arsenic-76 (As 76) 10
Arsenic-77 (As 77) 100
Barium-131 (Ba 131) 10
Barium-133 (Ba 133) 10
Barium-140 (Ba 140) 10
Bismuth-210 (Bi 210) 1
Bromine-82 (Br 82) 10
Cadmium-109 (Cd 109) 10
Cadmium-115m (Cd 115m) 10
Cadmium-115 (Cd 115) 100
Calcium-45 (Ca 45) 10
Calcium-47 (Ca 47) 10
Carbon-14 (C 14) 100
Cerium-141 (Ce 141) 100
Cerium-143 (Ce 143) 100
Cerium-144 (Ce 144) 1
Cesium-129 (Cs 129) 100
Cesium-131 (Cs 131) 1,000
Cesium-134m (Cs 134m) 100
Cesium-134 (Cs 134) 1
Cesium-135 (Cs 135) 10
Cesium-136 (Cs 136) 10
Cesium-137 (Cs 137) 10
. Chlorine-36 (Cl1 36) 10
Chlorine-38 (C1 38) 10
Chromium-51 (Cr 51) 1,000
Cobalt-57 (Co 57) 100
Cobalt-58m (Co 58m) 10
Cobalt-58 (Co 58) 10
Cobalt-60 (Co 60) . 1
Copper-64 (Cu 64) 100
Dysprosium-165 (Dy 165) 10
Dysprosium-166 (Dy 166) 100
Erbium-169 (Er 169) 100
Erbium-171 (Er 171) 100
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Radioactive Material

Microcuries

Europium-152 (Eu 152)9.2h
Europium-152 (Eu 152)13 yr
Europium-154 (Eu 154)
Europium-155 (Eu 155)
Fluorine-18 (F 18)
Gadolinium-153 (Gd 153)
Gadolinium-159 (Gd 159)
Gallium-67 (Ga 67)
Gallium-72 (Ga 72)
Germanium-68 (Ge 68)
Germanium-71 (Ge 71)
Gold-195 (Au 195)
Gold-198 (Au 198)
Gold-199 (Au 199)
Hafnium-181 (Hf 181)
Holmium-166 (Ho 166)
Hydrogen-3 (H 3)
Indium-111 (In 111)
Indium-113m (In 113m)
Indium-114m (In 114m)
Indium-115m (In 115m)
Indium-115 (In 115)
Jodine-123 (I 123)
Iodine-125 (1:125)
Iodine-126 (1 126)
Todine-129 (1 129)
Iodine-131 (1 131)
Iodine-132 (1 132)
Iodine-133 (1'133)
Todine-134 (1 134)
Iodine-135 (1 135)
Iridium-192 (Ir 192)
. Iridium-194 (Ir 194)
Iron-52 (Fe 52)
Iron-55 (Fe 55)
Iron-59 (Fe 59)
Krypton-85 (Kr 85)
Krypton-87 (Kr 87)
Lanthanum-140 (La 140)
Lutetium-177 (Lu 177)
Manganese-52 (Mn 52)
Manganese-54 (Mn 54)
Manganese-56 (Mn 56)
Mercury-197m (Hg 197m)

' 100
.

1
10
1,000 '
10

100
100

10

10

100

10

100
100
10

10

S{

10

10"

1
1
0.1

.

107
1.

5‘1'0
10
10

- ‘10
.4(" 'IQO
10

1000

10
« 10

: o 23

10

.10
'7 100

1

[

‘ 100"
o100
100

1 ' LA ’
- 100" ,
i . 4. -

' 100 )
- .
te " - - 1
DT A L

100

I "“1'() FRa N
i o T LT



Radioactive Matenal

Mercury-197 (Hg 197)
Mercury-203 '(Hg 203)
Molybdenum-99 (Mo 99)
Neodymium-147 (Nd 147)
Neodym1um-149 (Nd 149)
Nickel-59 (Ni 59)
Nickel-63 (Ni 63)
Nickel-65 (Ni 65)
Niobium-93m (Nb 93m)
Niobium-95 (Nb 95)
Niobium-97 (Nb 97)
Osmium-185 (Os 185)
Osmium-191m (Os 191m)
Osmium-191 (Os 191)
Osmium-193 (Os 193)
Palladium-103 (Pd 103)
Palladium-109 (Pd 109)
Phosphorus-32 (P 32)
Platinum-191 (Pt 191)
Platinum-193m (Pt 193m)
Platinum-193 (Pt 193)
Platinum-197m (Pt 197m)
Platinum-197 (Pt 197)
Polonium-210 (Po 210)
Potassium-42 (K 42)
Potassium-43 (K 43)
Praseodym1um-142 (Pr 142)
Praseodymium-143 (Pr 143)
Promethlum-147 (Pm 147)
Promethium-149 (Pm 149)
Rhenium-186 (Re 186)
Rhenium-188 (Re 138)
‘ Rhodxum-103m (Rh 103m)
Rhodium-105 (Rh 105)
Rubidium-81.(Rb 81)
Rubidium-86 (Rb 86)
Rubidium-87 (Rb 87)
Ruthenium-97 (Ru 97)
Ruthenium-103 (Ru 103)
Ruthenium-105 (Ru 105)
Ruthenium-106 (Ru 106)
Samarium-151 (Sm 151)
Samarium-153 (Sm 153)
Scandium-46 (Sc 46)
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Microcuries

L

100-

10

100 .

100

100

100

- 10
100.
- 10

10
10
10

<100

100

- 100

100

~ 100

10
100

100

100

. 100
100
- 0.1

.10,

10
100
100

10

- 10
.- 100
~ 100

‘100

100
10
10

.10

100

.10

by,

10

.10
100
10

\\/



Radioactive Material

Scandium-47 (Sc 47)
Scandium-48 (Sc 48)
Selenium-75 (Se 75)
Silicon-31 (Si 31)
Silver-105 (Ag 105)
Silver-110m (Ag 110m)
Silver-111 (Ag 111)
Sodium-22 (Na 22)
Sodium-24'(Na 24)
Strontium-85 (Sr 85)
Strontium-89 (Sr 89)
Strontium-90 (Sr 90)
Strontium-91 (Sr 91)
Strontium-92 (Sr 92)
Sulphur-35 (S 35)
Tantalum-182 (Ta 182)
Technetium-96 (Tc 96)

Technetium-97m (Tc 97m)

Technetium-97 (Tc 97)

< Technetium-99m (Tc 99m)

Technetium-99 (Tc 99)

Tellurium-125m (Te 125m)
Tellurium-127m (Te 127m)
:Tellurium-127 (Te 127) *
Tellurium-129m (Te 129m)

Tellurium-129 (Te 129)

Tellurium-131m (Te 131m)

Tellurium-132 (Te 132)
Terbium-160 (Tb 160)
Thallium-200 (T1 200)
Thallium-201 (T1201)
Thallium-202 (T1 202)
Thallium-204 (T1204) .
" Thulium-170 (Tm 170)
Thulium-171 (Tm 171)

Tin-113(Sn 113) - . . .-

Tin-125 (Sn 125) .
Tungsten-181 (W 181)
Tungsten-185 (W 185)
Tungsten-187 (W 187)
Vanadium-48 (V 48)
Xenon-131m (Xe 131m)
Xenon-133 (Xe 133)
Xenon-135 (Xe 135)

Microcuries
100
|10
10
© 100
zlo" P

100

10
10
10
- l' “
0.1"
10
10

N IQO‘ ‘A‘ v,

sy . e

P10 ‘

10
100
100

100

10

10

‘10 T

100
10
100
10
10
100
100
100
\10 -
10
10
- 10e
10
10

100
10
1,000
100
100



Radioactive Material Microcuries
Ytterbium-175 (Yb 175) 100
Yttrium-87 (Y 87) 10
Yttrium-88 (Y 88) 10
Yttrium-90 (Y 90) 10
Yttrium-91 (Y 91) .10
Yttrium-92 (Y 92) - 100
Yttrium-93 (Y 93) : 100"
Zinc-65 (Zn 65) . 10
Zinc-69m (Zn 69m) 100
Zinc-69 (Zn 69) 1,000
Zirconium-93 (Zr 93) ¢ .10,
Zirconium-95 (Zr 95) - 10
Zirconium-97 (Zr 97) 10
Any radioactive material

not listed above other than

alpha-emitting radioactive

material 0.1

Note 1: Where there is a combination of radionuclides, the limit for the combmatlon should be derived
as follows:

Determine the amount of e:aéh radionuclide possessed and 1,000 times the amount in
Appendix B for each of those radionuclides when not in combination. The sum of the ratios
of those quantities may not exceed 1. ‘

Example:
Amt. of Radionuclide A possessed + Amt. of Radionucli_de B possessed < 1

1000 x Appendix B quantity 1000 x Appendix B quannty
for Radionuclide A for Radlonuchde B

Note 2;:.To convert mlcrocunes (nCi) to ST units of kllobecquerels (kBq) multiply the
above values by 37.

Example: Zirconium-97 (iO uCi multiplied by 37 is equivalent to 370 kBq).
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APPENDIX C

LIMITS FOR BROAD LICENSES

Type B License . Type C License
Column 1 .. ColumnIl
' Radioactive Material curies ) curies

*Antimony-122 1 001
Antimony-124 1 .. 0.01
-‘Antimony-125 1 0.01
Arsenic-73 10 0.1
Arsenic-74 1 0.01
Arsenic-76 1 . 0.01
Arsenic-77 10 .01
Barium-131 10 0.1,
Barium-140 1 R (X1}
Beryllium-7 10 : RS &
Bismuth-210 0.1 - 0.001
Bromine-82 10 T0.1
Cadmium-109 1 - 0.01
Cadmium-115m 1 . 001
Cadmium-115 10 F0.1
,Calcium-45 1 . 0.01
Calcium-47 10 Y00
“Carbon-14 100 1
Cerium-141 10 0.1,
Cerium-143 10 .01
Cerium-144 0.1 . 70.001
Cesium-131 100 S Wl
Cesium-134m 100 R
Cesium-134 0.1 -1 0.001
Cesium-135 1 " 0.01]
Cesium-136., 10 .. 0.1
Cesium-137 0.1 . 0.001
Chlorine-36 a 1 770,01
Chlorine-38 . 100 L
Chromium-51 ‘ 100 A
Cobalt-57 ' 10 ; " 0.1
Cobalt-58m 100 . - L
Cobalt-58 1 ) 0.01
Cobalt-60 0.1 .7 0.001
Copper-64 10 01
Dysprosium-165 100 .
Dysprosium-166 10 0.1
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314,

Type B License Type C License
: Column I ColumnIl |

Radioactive Material curies curies N
Erbium-169 10 0.1
Erbium-171 10 0.1
Europium-152 (9.2 h) 10 0.1
Europlum 152(13 y) 0.1 0.001
Europium-154 o 0.1 0.001
Europium-155 1 0.01
Fluorine-18 100 1.
Gadolinium-153 1 0.01
Gadolinium-159 10 0.1
Gallium-72 10 0.1
Germanium-71 100 1.”
Gold-198 10 0.1
Gold-199 10 . 0.1
Hafnium-181 1 0.01

- Holmium-166 10 0.1
Hydrogen-3 100 1.
Indium-113m 100 1.
Indium-114m 1 0.01
Indium-115m 100 1.
Indlum 115 1 0.01
Iodme-125 0.1 -0.001 W,
Iodine-126 0.1 +0.001
Iodine-129 0.1 0.001
Iodine-131 0.1 0.001
Todine-132 10 0.1
Iodine-133 1 0.01
Iodine-134 10 0.1
Iodine-135 1 0.01.
Indium-192 1 0.01
Iridium-194 10 0.1.
Iron-55-+- -~ 10 0.1
Iron-59 1 0.01
Krypton-85 - 100 |
Krypton-87 10 0.1
Lanthanum-140 1 -0.01
Lutetium-177 10 0.1
Manganese-52 1 0.01°
Manganese-54 1 -0.01:
Manganese-56 10 0.1.°
Mercury- 197m 10 0.1 °
Mercury—l 97 10 0.1
Mercury-203 1 0.01 -



Type B License Type C License

Column I Column II

Radioactive Material ; _ _curies . curies

" Molybdenum-99 10 o 01
Neodymium-147 10 0.1
Neodymium-149 10 0.1
Nickel-59 10 0.1
Nickel-63 1 .. 001
Nickel-65 10 0.1
Niobium-93m 1 0.01
Niobium-95 1 \ 0.01
Niobjum-97 100 1.
Osmium-185 1 " 001
Osmium-191m 100 L

 Osmium-191 10 T0a,
Osmium-193 10 AR 1
Palladium-103 10 01
Palladium-109 10 01
Phosphorus-32 1 0,01
Platinum-191 10 o0
Platinum-193m 100 : S
Platinum-193 10 0
Platinum-197m ) 100 1.
Platinum-197 10 , 0.1
Polonium-210 0.01 .~ 0.0001
Potassium-42 1 - 0.01
Praseodymium-142 10 . 0.1’
Praseodymium-143 10 01
Promethium-147 1 o001
Promethium-149 10 ‘ 0.1
Radium-226 0.01 0 0.0001
Rhenium-186 10 oo
Rhenium-188 10 o701
Rhodium-103m 1,000 ~ 0.
Rhodium-105 10 701
Rubidium-86 . . ] 1 - 001
Rubidium-87 1 ’ '0.01
Ruthenium-97 100 L
Ruthenium-103 1 0.01
Ruthenium-105 10 . 0.1
Ruthenium-106 0.1 © 7 0.001
Samarium-151 | 1 - oot
Samarium-153 : 10 0N
Scandium-46 1 7, 0.01
Scandium-47 10 0.1
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Type B License

Type C License

Column I Column II S
Radioactive Material curies curies
Scandium-438 1 0.01
Selenium-75 1 0.01
Silicon-31 10 0.1
Silver-105 1 0.01
Silver-110m 0.1 0.001
Silver-111 10 0.1
Sodium-22 0.1 0.001
Sodium-24 1 0.01
Strontium-85m 1,000 10.
Strontium-85 1 ©0.01
Strontium-89 1 0.01
Strontium-90 0.01 0.0001
Strontium-91 10 0.1
Strontium-92 10 0.1
Sulphur-35 10 0.1
Tantalum-182 1 0.01
Technetium-96 10 0.1
Technetium-97m 10 0.1
Technetium-97 10 0.1
Technetium-99m 100 1. -
Technetium-99 1 0.01 \/
Tellurium-125m 1 0.01
Tellurium-127m 1 0.01
Tellurium-127 10 0.1
Tellurium-129m 1 0.01
Tellurium-129 100 L.
Tellurium-131m 10 0.1
Tellurium-132 1 0.01
Terbium-160 1 0.01
Thallium-200 10 0.1
Thallium-201 10 0.1
Thallium-202 10 0.1
Thallium-204 . . 1 0.01
Thulium-170 1 0.01°
Thulium-171 1 0.01
Tin-113 1 0.01
Tin-125 1 0.01
Tungsten-181 1 0.01
Tungsten-185 1 0.01
Tungsten-187 10 0.1
Vanadium-43 1 . 0.01
Xenon-131m 1,000 10.
Xenon-133 100 1. =
Xenon-135 100 1. ~
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Type B License ) Type C License

Column I Column II
Radioactive Material curies cuiies
Ytterbium-175 10 0.1
Yttrium-90 1 g T 0.01
Yttrium-91 1 o . 0.01
Yttrium-92 10 ) ©l01
Yttrium-93 1 - - ‘ .o 001
Zinc-65 1 o001
Zinc-69m . 100 - 70
Zinc-69 - \ “100 ) ) S
Zirconium-93~ 7 ) 1 . . - 70 0.01
Zirconium-95 . 1 . 0.01,
Zirconium-97 1 ] ST . 10.01
Any radioactive material
other than source material, i e
special nuclear material,
or alpha emitting radio- - , N
active material not listed _ . =
above. 0.1 - C T U0 00001

Note 1: To convert curies (Ci) to SI units of glgabecquerels (GBq) multlply the above values by 37

Examp]e Zirconium-97 (Col. II) (0.01 C1 multlphed by 37 1s equlvalent 100.37 GBq)

-~ v L LTy
' -
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ASSIGNED PROTECTION FACTORS FOR RESPIRATORS?

APPENDIX D

Assigned
{Operating mode Protection

Factors
I. Air Purifying Respirators
[Particulate 1A° only]1A°: .
Filtering facepiece disposabled |Negative Pressure ©)
Facepiece, half ® INegative Pressure 10
Facepiece, full Negative Pressure 100
Facepiece, half Powered air-purifying respirators 50
|Facepiece, full |Powered air-purifying respirators 1000
{Helmet/hood {Powered air-purifying respirators 1000
[Facepiece, loose-fitting Powered air-purifying respirators 25
Il. Atmosphere supplying respirators
[[particulate, gases and vapors1Af:
1. Air-line respirator:
I[Facepiece, half jDemand 10
[Facepiece, half {Continuous Flow 50
[Facepiece, half Pressure Demand 50
Facepiece, full Demand 100
{Facepiece, full Continuous Flow 1000
{Facepiece, full |Pressure Demand . 1000
Helmet/hood ‘ Continuous Flow 1000
[Facepiece, loose-fitting Continuous Flow. 25
Suit Continuous Flow (®)
2. Self-contained breathing Apparatus
I(SCBA):
[Facepiece, full Demand 100
{Facepiece, full |Pressure Demand 10,000
Facepiece, full [Demand, Recirculating 100
|Facepiete, full |Positive Pressure Recirculating 10,000

iHl. Combination Respirators:

Any combination of air-purifying and
@tmosphere-supplying respirators

(1) Assigned protection factor for type ‘

and mode of operation as listed above.

? These assigned protection factors apply only in a respiratory protection program that
meets the requirements of subchapter Ill of this chapter. The protection factors are applicable only
to airborne radiological hazards and may not be appropriate to circumstances when chemical or
other respiratory hazards exist instead of, or in addition to, radioactive hazards. Selection and use
of respirators for such circumstances must also comply with U.S. Department of Labor regulations.

Radioactive contaminants for which the concentration values in Column 3 of Appendix E
are based on internal dose due to inhalation may, in addition, present external exposure hazards at
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higher concentrations. Under these circumstances, limitations on occupancy may have to be
governed by external dose limits.

Cob Ai'r{burifying respirators with APF <100 must be equipped with particulate filters that are at
least 95 percent efficient. - Air purifying respirators with APF = 100 must be equipped with o
particulate filters that are at least 99 percent efficient. Air purifying respirators with APFs >100
must be equipped with particulate filters that are at least 99.97 percent efficient.

© A licensee may apply to the department for the use of an APF. greater than 1 for sorbent
cartridges as protection against airborne radioactive gases and vapors, for example, radioiodine.

4 A licensee may permit individuals' who have not been nﬁedicall)'/ screened or fit tested on }
the device to use this type of respirator, provided that no credit be taken for their use in estimating”
intake or dose. It is also recognized that it is difficult to perform'an effective positive or negative "
pressure pre-use user seal check on this type of device. All other respiratory protection program
requirements listed in s. HFS 157.27 (3) apply. An assigned protection factor has not been - -
assigned for these devices. However, an APF equal to 10 may be used if the licensee -
demonstrates a fit factor of at least 100 by use of a validated or evaluated, qualitative or
quantitative fit test.

" ® Under-chin type only. No distinction is made in this Appendix between elastomeric half- .
masks with replaceable cartridges and those designed with the filter medium as an integral part of
the facepiece, for example, disposable or reusable disposable. Both types are acceptable so long
as the seal area of the latter contains some substantial type of seal-enhancing material such as . .
rubber or plastic, the 2 or more suspension straps are adjustable, the filter medium is at least 95
percent efficient and all other requirements of subchapter 1l of this chapter are met.

" The assigned protection factors for gases and vapors are not applicable to radioactive’
contaminants that present an absorption or submersion hazard. For tritium oxide vapor,
approximately one-third of the intake occurs by absorption through the skin so that an overall .
protection factor of 3 is appropriate when atmosphere-supplying respirators are used to protect

- g0 it

against tritium’'oxide. - Exposure to radioactive noble gases is not considered a significant -

respiratory hazard, -and protective actions for these contaminants should be based on external
submersion dose ‘considerations.

]

e

9 No National Institute of Occupational Safety and Health approvéi schedule is cufrently
available for atmosphere supplying suits. ‘This equipment may be used in an acceptable )
respiratory protection program as long as all the other minimum program reqhifemer_lts. with the -

exception of fit testing, are met.
" Note: Seé s. HFS 157.27-(3). , : L e

"A licensee should implement institutional controls to assure that these devices are not
used in areas immediately dangerous to life or health. . T
- N e~y P . -y . 3o, s i

.-
:

' This type of respirator may be used as‘an emergency device in unknown concentrations
for protection against inhalation hazards. External radiation hazards and other limitations to
permitted exposure such as skin absorption shall be taken into account in these circumstances.
This device may not be used by any individual who experiences perceptible outward leakage of
breathing gas while wearing the device. .. - b ' ' : '
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APPENDIX E ‘ ’

ANNUAL LIMITS ON INTAKE (ALI) AND DERIVED AIR CONCENTRATIONS (DAC)
. OF RADIONUCLIDES FOR OCCUPATIONAL EXPOSURE; EFFLUENT X
CONCENTRATIONS; CONCENTRATIONS FOR RELEAS’EFTO SANITARY SEWERAGE'

Introduction

For each radionuclide, Table I indicates the chemical form which is to be used for selecting the
appropriate ALI or DAC value.  The ALIs and DACs for inhalation are given for an aerosol with an
activity median aerodynamic diameter (AMAD) of 1 u(micron), and for the D, W.and Y classes of
radioactive material, which refer. to their retention in the pulmonary. region of the lung. This
classification applies to a range of clearance half-times for D if less than 10 days, for W from 10 to *
100 days, and for Y greater than 100 days. The D, W orsY class given in the column headed

"Class" applies only to the inhalation ALIs and DACs given in Table I, column 2 and 3. TableII "
provides concentration limits for airborne and liquid effluents released to the general environment, ™’
Table III provides concentration limits for discharges to sanitary sewerage.

Note: The values in Tablg:s I, II, and III are presented in the computer "E" notation. In this notation
a value of 6E-02 represents a value of 6 x 107 or 0.06, 6E+2 represents 6 x 10” or 600, and 6E+0
represents 6 x 10° or 6. .

Table I "Occupational Values" .

Note that the columns in Table I of this appendix captioned "Oral Ingestion ALL," "Inhalation ALI"
and "DAC" are applicable to occupational exposure to radioactive material.

The ALISs in this appendix are the annual intakes of given radionuclidé by "reference man" which - {
would result in either (1) a committed effective dose equivalent of 0.05 Sv (5'tem), stochastic ALI,
or (2) a committed dose equivalent of 0.5 Sv (50 rem) to an 6rgan or tissue, non-stochastic ALL ,
The stochastic ALIs were derived to result in a risk, due to irradiation of organs and tissues, - .
comparable to the risk associated with deep dose equivalent to the whole body of 0.05 Sv (5 rem).
The derivation includes multiplying the committed dose equivalent to an organ or tissue by a
weighting factor, wr. This weighting factor is the proportion of the risk of stochastic effects
resulting from irradiation of the organ or tissue, T,.to the total risk of stochastic effects when the"
whole body is irradiated uniformly. The values of wr are listed under the definition of weighting
factor in s. HFS 157.03. The non-stochastic ALIs were derived to avoid non-stochastic effects, such
as prompt damage to tissue or reduction in organ function.

Note: A description of the reference man is contained'in thgllﬂféfr’igtidhal Cr91lnmission on e
Radiological Protection report, ICRP Publication 23, Reference Man: Anatomical Physiological and
Metabolic Characteristics, Pergamon Press, Oxford (1975). The publication may be ordered from

3

the web-site http://ww.icm.orgoydeﬁpg.htm.

A value of wy = 0.06 is applicable to each of the 5 organs or tissues in the "remainder” category g
receiving the highest dose equivalents, and the dose equivalents of all other rémaining tissues may
be disregarded. The following portions of the GI tract -- stomach, small intestine, upper large
intestine, and lower large intestine -- are to be treated as 4 separate organs.
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Note that the dose equivalents for an extremity; skin and lens of the eye are not consrdered in
computing the committed effective dose equivalent, but are subject to limits that must be met
separately.

When an ALI'is defined by the stochastic dose limit, this value alone is grven When an ALl is -
determined by the non-stochastic dose limit to an organ, the organ or tissue to which the limit
applies is shown, and the ALIT for the stochastic hmrt is shown in parentheses Abbrevrated organ or
tissue desrgnatrons are used:

LLI wall = lower large intestine wall;

St wall = stomach wall;

Blad wall = bladder wall; and ‘ ‘

* Bone surf = bone surface. - '

The use of the ALISs listed first, the more limiting of the stochastic and non:stochastic ALIs, will
ensure that non-stochastic effects are avoided and that the risk of stochastic effects is limited toan .
acceptably low value. If, in a particular situation involving a radionuclide for which thé non-- - -~
stochastic ALI is limiting, use of that non-stochastic ALI is considered unduly conservative, the N
licensee may .use the stochastic’ ALlto determine the committed effective dose equlvalent )
However, the licensee shall also ensure that the 0.5 Sv (50 rern) dose equivalent hmrt for any organ
or tissue is not exceeded by the'sum of the external deep dose equivalent plus the internal o h
committed dose equivalent to that organ, not the effective dose. For the case where there is no
external dose contribution, this would be demonstrated if the sum of the fractions of the
nonstochastic ALIs that contribute to the commrtted dose equrvalent to the organ recelvmg the

; o

hrghest dose does not exceed unity, that i is, intake of each radronuchde/ALIns < 1.0. Ifthere is an
extemal deep dose equlvalent contnbutlon of Hy, then this sum must be less than 1 - (H4/50),

mstead of < 1.0.

L

Note that the dose equrvalents for an extremity, skin, and lens of the eye are not consrdered in
computing the committed effective dose equrvalent but are subject to hmrts that must be met
separately. = - ) - C - . : X
The denved air concentratlon (DAC) values are denved limits 1ntended to contro] chromc
occupatronal exposures The re]atronshrp between the DAC and the ALI i 1s glven by

v o N

DAC ALI in CI/(2000 hours per workmg year x 60 mmutes/hour x e
2x10° ml per mrnute) [ALY2.4 10°) .C1/ml, T
1 ) J £ - ! . = ' !
where 2 x 10* ml is the volume of air breathed per minute at work by reference man under Workmg
conditions of light work. (S SR S P

Pl

The DAC values relate to 1 of 2 modes of exposure: either external submersion or the internal
commrtted dose equlvalents resultmg from inhalation of radioactive materials. DACs based upon
submersion are for immersion in a semi-infinite cloud of uniform concentration and apply to each
radionuclide separately.
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The ALI and DAC values include contributions to exposure by the single radionuclide named and
any in-growth of daughter radionuclides produced in the body by decay of the parent. However,
intakes that includ€ both the parent and daughter radionuclides should be treated by the general .
method appropriate for mixtures.

The values of ALI and DAC do not apply directly when the individual both ingests and inhales a
radionuclide, when the individual is exposed to a mixture of radionuclides by either inhalation or .
ingestion or both or when the individual is exposed to both internal and external irradiation. See s.
HFS 157.22 (2). When an individual is exposed to radioactive materials that fall under several of -
the translocation classifications of the same radionuclide, such as Class D, Class W or Class Y, the
exposure may be evaluated as if it were a mixture of different radionuclides.

It should be noted that the classification of a compound as Class D, W, or Y is based on the
chemical form of the compound and does not take into account the radiological half-life of different
radionuclides. For this reason, values are given for Class D, W, and Y compounds, even for very
short-lived radionuclides. |

Table II "Effluent Concentrations"

The columns in Table II of this appendix captionéd "Effluents,” "Air" and "Water" are applicable to.
the assessment and control of dose to the public, particularly in the implementation of the
provisions of s. HFS 157.23 (2). The concentration values given in Columns 1 and 2 of Table II are
equivalent to the radionuclide concentrations which, if inhaled or ingested continuously over the .
course of a year, would prpc}ucé a,total effective dose equivalent of 0.5 mSv (0.05 rem).
Consideration of non-sto‘chaskticklimits has not been included in deriving the air and water effluent
concentration limits because non-stochastic éﬁ'ectsﬁarél presumed not t6 occur at or below the dose
levels established for individual members of the public. For radionuclides, where the non-stochastic
limit was govemning in deriving the occupational DAC, the stochastic ALI was used in deriving the
corresponding airborne effluent limit in Table II. For this reason, the DAC and airborne effluent
limits are not always proportional. :

Co .
The air concentration values listed in Table II, Column 1 were derived by one of 2 methods. For
those radionuclides for which the stochastic limit is goveming, the occupational stochastic o
inhalation ALI was divided by.2.4 x 10°m], relating the inhalation' ALI to the DAC, as explained
above, and then divided by a factor of 300. The factor of 300 includes the following components: a
factor of 50 to relate the 0,05 Sv (5 rem) annual occupational dose limit to the 1 mSv (0.1 rem) limit
for members of the public, a factor of 3 to adjust for the difference in exposure time and the
inhalation rate for a worker and that for members of the publi¢; and a factor of 2 to adjust the
occupational values, derived for adults, so that they are applicable to other age groups.

N - A -
For those radionuclides for which submersion, that is external dose, is limiting, the occupational
DAC in Table I, Column 3 was divided by 219. The factor of 219 is composed of a factor of 50, as
described above, and a factor of 4.38 relating occupational exposure for 2,000 hoirs of a 8,760 hour
full-time exposure per year. Note that an additional factor of 2 for age considerations isnot
warranted in the submersion case.” v

L
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The water concentrations were derived by taking the most restnctlve occupational stochastic oral
ingestion ALI and dividing by 7.3 x 10°. The factor of 7.3 x 107 ml includes the following
components: the factors of 50 and 2 described above and a factor of 7.3 x IOS ml Wthh 1s the
annual water intake of reference man. R -
Note 2 of this appendix provides groupings of radionuclides which are applicable to unknown . -
mixtures of radionuclides. These groupings, 1ncludmg occupatlonal inhalation ALIs and DACs alr
and water effluent concentrations and releases to sewer, require demonstratmg that the most ’ ?
limiting radionuclides in successive classes are absent. The limit for the unknown mixtureis .
defined when the presence of one of the listed radlonuchdes cannot be deﬁmtely excludéd as bemg
present either from knowledge of the radionuclide composition of the source or from actual ; ‘
measurements.

Table III '"Releases to Sewers"
The month]y average concentrations for release to sanitary sewerage are apphcable to the provxsmns
in s. HFS 157.30 (3). The concentration values were derived by takmg the most restrictive
occupatlonal stochastic oral ingestion ALI and dividing by 7.3 x 10° ml. The factor of 7.3 x 106 ml
is composed of a factor of 7.3 x-10° ml, the annual water intake by reference man, and a factor of
10, such that the concentrations, if the sewage released by the licensee were the only source of -
water ingested by a reference man during a year; would result in a commxtted effectlve dose N
equivalent of 5 mSv (0.5 rem).-

- T

List of Eléments

< ok

Atomic ‘ . * " Atomic”
Name Symbol  Number Name Symbol " Number’
Actinium Ac 89 Copper Cu” 29 .
Aluminum A 13 Curium Cm 9 .
Americium Am 95 Dysprosium Dy o660 T,
Antimony Sb 51 Einsteinium Es " 99
Argon Ar 18 Erbium Er . 68
Arsenic As 33 Europium Eu _ Tlo63 e
Astatine At 85 Fermium Fm 100
Barium... .. Ba 56 Fluorine F ° 9
Berkelium Bk 97 Francium Fr 87 Ly
Beryllium -Be - 4 Gadolinium Gd~ 64 . .
Bismuth Bi 83 Gallium Ga | 31 L
Bromine Br 35 Germanium Ge - 32 ,
Cadmium Cd 48 Gold Au 79
Calcium Ca 20 Hafnium Hf . L. 72
Californium Cf 98 Holmium Ho 67
Carbon C 6 Hydrogen H . L1

323



. List of Elements (Continued),.
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St Atomic Lo Atomic
Name Symbol’ ©  Number " Name Symbol Number -
Cerium Ce 58 Tantalum Ta 73
Cesium Cs | %5 - Technetium . Te'; 43
Chlorine ca 17 Tellurium Te., 52
Chromium Cr 24 Terbium Tb - 65
Cobalt Co . | .27 . Thallium Tl 81
Lanthanum La .57, Thorium Th 90
Lead Pb 82 Thulium . Tm 69
Lutetium Lu 71 Tin Sn 50
Magnesium Mg 12 Indium In 49
Manganese Mn 25 Iodine I 53
Mendelevium Md 101 Iridium Ir 77
Mercury ~Hg .80 , Iron Fe - 26
Molybdenum Mo . - 42 ‘ Krypton . Kr- 36
Neodymium Nd 60 - . Titanium - -  Tj."- 22
Neptunium Np ., 293, Tungsten W 74
Nickel . Ni . 28 .+ Uranium. U 92
Niobium Nb .4 L Vanadium .- ..V .: 23
Osmium Os 76 Xenon Xe - 54
Palladium Pd 46 Ytterbium Yb 70
Phosphorus P 15 - Yttrium Y 39
Platinum Pt 78 Zinc Zn 30
Plutonium Pu 94
Polonium . Po 34 S
Potassium- K" "19 -
Praseodymium Pr 59
Promethium Pm 61
Protactinium Pa 91 .
Radium Ra 88.
Radon Rn 86
Rhenium Re 75
Rhodium . Rh 45’ .
Rubidium Rb 37
Ruthenium -Ru , 44 .
Samarium Sm 62
Scandium Sc 21 :
Selenium Se 34
Silicon Si 14 . ‘ -
Silver Ag 47
Sodium Na 11
Strontium Sr 38
Sulfur S 16



Annual Limits on Intake (ALI) and Denved Air Concentrations (DAC) of Radionuclhides for Occupational Exposure

Effluent Concentrations
Concentrations for Release to Sanitary Sewerage

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
. Ingestion Inhalation Average
Atomic  Radionuclide Class ALl ALl DAC Ar Water _Concentration
No i ' uCi) - (uCi) (xCyvml) (1Cv/ml) (uCimD) (rCvmly
1 Hydrogen-3 Water, DAC includes skin
absorption 8E+4 8E+4 2E-5 1E-7 1E-3 1E-2
Gas (HT or T;) Submersion*: Use above values as HT and T, oxidize in arr and 1n the body to HTO
4 Benyllium-7 W, all compounds except 4E+4 2E+4 9E-6 IE-8 6E-4 6E-3
those given for Y
Y, oxides, halides, and
‘ nitrates - 2E+4 8E-6 3E-8 - -
4 Berylhum-10 W, see 'Be 1E+3 2E+2 6E-8 2E-10 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see "Be - 1E+1 6E-9 2E-11 - -
6 Carbon-11¥ Monoxide - 1E+6 SE-4 2E-6 - -
Dioxide - 6E+5 3E4 9E-7 - -
Compounds 4E+5 4E+5 2E4 6E-7 6E-3 6E-2
6 Carbon-14 Monoxide - 2E+6 TE-4 2E-6 - -
Dioxide - 2E+5 9E-5 3E-7 - -
Compounds 2E+3 2E+3 1E-6 3E-9 3E-5 3E4
9 Fluonne-18Y D, fluonides of H, Lj,
Na, K, Rb, Cs, and Fr SE+4 TE+4 3E-5 1E-7 - -
St wall
(SE+4) - - - 7E4 7E-3
W, fluorides of Be, Mg,
Ca, Sr, Ba, Ra, Al, Ga,
In, T, As, Sb, Bi, Fe, -
Ru, Os, Co, Ni, P4, Py,
Cu, Ag, Au, Zn, Cd, Hg,
Sc, Y, Ti, Zr, V, Nb,
Ta, Mn, Tc, and Re - 9E+4 4E-5 1E-7 - -
Y, lanthanum fluoride - 8E+4 3E-5 1E-7 - -
11 Sodium-22 D, all compounds 4E+2 6E+2 3E-7 9E-10 6E-6 6E-5
11 Sodium-24 D, all compounds 4E+3 SE+3 2E-6 7E-9 SE-5 SE-4
12 Magnesium-28 D, all compounds except .
those given for W TE+2 7 2E+3 7E-7 2E-9 9E-6 9E-5
L TR W, oxides, hydroxides,
carbides, haldes, and
nitrates - 1E+3 5E-7 2E-9 - -
13 Aluminum-26 D, all compounds except
those given for W 4E+2 GE+1 3E-8 9E-11 6E-6 6E-5
‘W, oxides, hydroxides,
carbides, hahdes, and
mitrates - 9E+1 4E-8 1E-10 - -
14 Silicon-31 D, all compounds except
those given for W and Y 9E+3 3E+4 1E-5 4E-8 1E4 1E-3
W, oxides, hydroxides,
carbides, and nitrates - 3E+4 1E-§ 5E-8 - -
Y, alummosilicate glass - 3E+4 1E-5 4E-8 - -
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Annual Limits on Intake (ALI) and Denved Air Concentrations (DAC) of Radionuclides for Occupational Exposure
' ’ Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table 11 Table M
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col. 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic  Radionuchide Class ALl ALl DAC A Water Concentration
No (wCi) uCi) (uCymi) (uCvm (uCimi) (xCvml)
14 Silicon-32 D, see "'Si 2E+3 2E+2 1E7 3E-10 - .
LLI wall
(3E+3) - - - 4E-5 4E-4
W, see "'Si- 1E+2 SE-8 2E-10 - - -
Y, sec 'Sy - SE+0 2E-9 7E-12 - -
15 Phosphorus-32 D, all compounds except
phosphates given for W 6E+2 9E+2 4E-7 1E-9 9E-6 9E-5
W, phosphates of Zn®,
S*, Mg”, Fe**, Bi®,
and lanthamdes - 4E+2 2E-7 SE-10 - -
15 Phosphorus-33 D, see ¥’p 6E+3 8E+3 4E-6 1E-8 8E-5 8E-4
W, see P - 3E+3 1E-6 4E-9 - -
16 Sulfur-35 Vapor - 1E+4 6E-6 2E-8 - -
D, sulfides and sulfates
except those given for W 1E+4 2E+4 7E-6 2E-8 - -
LLI wall
(8E+3) - - - 1E-4 1E-3
W, elemental sulfur, G6E+3
sulfides of Sr, Ba, Ge,
Sn, Pb, As, Sb, Bi, Cu,
Ag, Au, Zn, Cd, Hg, W, and
Mo Sulfates of Ca, Sr,
Ba, Ra, As, Sb, and By - 2E+3 9E.7 3E-9 - -
17 Chlorine-36 D, chlorides of H, Li,
Na, K, Rb, Cs, and Fr 2E+3 2E+3 1E-6 3E-9 2E-5 2E-4
W, chlondes of lantha-
mdes, Be, Mg, Ca, Sr,
Ba, Ra, AL, Ga, In, T1,
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ru, Os, Co, Rh, Ir,
Ny, P4, Pt, Cu, Ag, An,
Zn,Cd, Hg, Se, Y, Ty,
Zr, Hf, V,Nb, Ta, Cr,
Mo, W, Mn, Tc, and Re - 2E+2 1E-7 3E-10 - -
17 Chlorne-38¥ D, see *C1 2E+4 4E+4 2E-5 6E-8 - -
St wall
(3E+4) - - - 3E-4 3E-3
W, see *C1 - SE+4 2E-5 6E-8 - -
17 Chlorme-39¥ D, see *Cl 2E+4 SE+4 2B-5 7E-8 - -
St wall
i N (4E+4) - - - SE4 5E-3
W, see *C1 - - 6E+4 2E-S 8E-8 - -
18 Argon-37 Submersion” - - 1E+0 6E-3 - -
18 Argon-39 Submersion” - - 2E-4 8E-7 - -
18 Argon-41 Submersion? - - 3E6 1E-8 - -
19 Potassium-40 D, a1l compounds IE+2 4E+2 2E-7 6E-10 4E-6 4E-5
19 Potassium-42 D, all compounds 5E+3 5E+3 2E-6 7E-9 6E-5 6E-4
19 Potassium-43 D, all compounds GE+3 9E+3 4E-6 1E-8 9E-5 9E-4
19 Potassium-44% D, all compounds 2E+4 7E+4 3E-5 9E-8 - -
St wall
(4E+4) - - - SE-4 SE-3
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure

Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table 1

. Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col. 3 Col. 1 Col 2
Oral ’ Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Air _ . Water Concentration
No. [(e)) (wCi) (»Cvml) (#Cv/ml) (eCi/ml) (uCymly
19 Potassium-45Y¥ D, all compounds 3E+4 1E+5 5E-5 2i€-7 - - -
St wall
(5E+4) - - - 7E-4 7E-3
20 Calcium-41 ‘W, all compounds 3E+3 4E+3 2E-6 - - -
Bone surf Bone surf -
(4E+3) (4E+3) - SE-9 6E-5 6E-4
20 Calcium-45 W, all compounds 2E+3 8E+2 4E-7 ]i’i-9 2E-5 2E-4
20 Calcium-47 W, all compounds 8E+2 9E+2 4E-7 1E-9 IE-S 1E4
21 Scandium-43 Y, all compounds 7E+3 2E+4 9E-6 3E-8 1E-4 1E-3
21 Scandium-44m Y, all compounds 5E+2 TE+2 3E-7 1E9 . 7E-6 7E-5
21} Scandium-44 Y, all compounds 4E+3 1E+4 5E-6 ' 2E-8 5E-5 5E-4
21 Scandium-46 Y, all compounds 9E+2 2E+2 1E-7 3E-10 1E-5 1E-4
21 Scandium-47 Y, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(GE+3) - - - . 4E-5 . 4E-4
21 Scandium-48 Y, alt compounds 8E+2 1E+3 6E-7 2E-9 1E-5 1E4
21 Scandum-49¥ Y, all compounds 2E+4 SE+4 2E-5 3E-8 3E4 3E-3
22 Titanium-44 D, all compounds except .
those given for Wand Y 3E+2 1E+1 SE-9 2E-11 4E-6 4E-5
W, oxides, hydroxides,
carbides, hahdes, and R
nitrates - 3E+} 1E-8 4E-11 - -
Y, S0 - 6E+0 2E-9 8E-12 - -
22 Titamum-45 D, see *Ti 9E+3 3E+4 1E-5 3E-8 1E4 1E-3
W, see “Ti - 4E+4 1E-5 SE8 - -
Y, see “Tn - 3E+4 1E-§ 4E-8 - -
23 Vanadium-47¥ D, all compounds except
those given for W 3E+4 8E+4 3E-5 1E-7 - -
Stwall
(3E+4) - - - 4E-4 . 4E-3
s W, oxides, hydroxides, s
- e carbides, and hahdes - 1E+5 4E-S 1E-7 - -
23 Vanadium-48 D, sec vV 6E+2 1E+3 SE-7 269 9E-6 9E-5
W, see ¥V . - 6E+2 3E-7 9E-10 : -
23 Vanadium-49 D, see 7V TE+4 3E+4 1E-5 - - -
LLI wall Bone surf{ -
A (9E+4) (3E+4) _, - 5E-8 1E-3 1E-2
W, see v - 2E+4 8E-6 2E-8 - -
24 Chromum-48 D, all com;;ounds except 3
those given for Wand Y 6E+3 1E+4 SE-6 2E-8 8E-5 8E4
W, hahidegtnd nitrates - TE+3 3E-6 1E-8 - -
Y, oxides and hydroxides - FE+3 3E-6 1E-8 .- ¥ - -
24 Chromjum-49%¥ D, see *Cr 3E+4 8E+4 4E-§ 1E-7 " 4E4 4E3
W, see “'Cr - AE+5 - 4E-5 1E-7 - -
Y, see *Cr - OE+4 " 4E-5 1E-7 - -
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Annual Limuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (i Continued)

Table1 Table 11 Table I
Occupational Effluent Releases to
Values Concentrations Sewers
ColL 1 Col. 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation , Average
Atomic Radionuclide Class K ALI ALl DAC Air Water Concentration
No . - uCi) (uCi) (1Cvml) (uCi/mh (uCVml) (uCv/mi)
24 Chromum-$1 D, see *Cr ‘ 4E+4 SE+4 2E-5 6E-8 5E4 SE-3
W, see *Cr - 2E+4 1E-5 3E-8 - -
Y, see “*Cr - 2E+4 8E-6 3E-8 - -
25 Manganese-51¥ D, all compounds except
those given for W 2E+4 S5E+4 2E-5 7E-8 3E-4 3E-3
W, oxides, hydroxides,
hahdes, and nitrates - 6E+4 3E-5 , 8E-8 - -
25 Manganese-52m® D, see *'Mn , 3E+4 9E+4 4E-$ 1E-7 - -
St wall
(4E+4) - - - SE-4 SE-3
W, see *'Mn - 1E+5 4E-§ 1E-7 - -
25 Manganese-52 D, see *'Mn TE+2 1E+3 5E-7 2E-9 1E-5 1E-4
W, see *'Mn - 9E+2 4E-7 . 1E-9 - -
25 Manganese-53 D, see *Mn SE+4 1E+4 SE-6 - 7E-4 7E-3
Bone surf
- (2E+4) - 3E-8 - -
W, see *'Mn - 1E+4 SE-6 2E-8 - -
25 Manganese-54 D, see *'Mn 2E+3 9E+2 4E-7 1E-9 3E-5 3E4
W, see *'Mn - 8E+2 3E-7 < 1E9 - -
25 Manganese-56 D, see 'Mn SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, see *'Mn - 2E+4 9E-6 IE-8 - -
26 Iron-52 D, all compounds except
those given for W 9E+2 3E+3 1E-6 4E-9 1E-5 1E4
W, oxides, hydroxides,
and’ halides - 2E+3 1E-6 3E-9 - -
26 Iron-55 D, see *’Fe 9E+3 2E+3 8E-7 3E-9 1E4 1E-3
W, see ?Fe - 4E+3 2E-6 6E-9 - -
26 Iron-59 D, see Fe 8E+2 3E+2 1E-7 5E-10 1E-5 1E4
W, see *Fe - SE+2 2E-7 - 7E-10 - -
26 Iron-60 D, see “Fe 3E+] 6E+0 3E-9 9E-12 4E-7 4E-6
W, see ’Fe - 2E+1 SE-9 3E-11 - -
27 Cobalt-55 W, all compounds except
e e those given for Y 1E+3 3E+3 1E-6 4E-9 2E-5 2E4
Y, oxides, hydroxides,
halides, and nitrates - 3E+3 1E-6 4E-9 - -
27 Cobalt-56 T W, see ¥Co - SE+2 3E+2 1E-7 4E-10 6E-6 6E-5
Y, see *Co 4E+2 2E+2 8E-8 3E-10 - -
27 Cobalt-57 W, see *Co 8E+3 3E+3 1E-6 4E-9 6E-5 6E-4
Y, see *Co 4E+3 TE+2 3E-7 9E-10 - -
27 Cobalt-58m W, see **Co 6E+4 9E+4 4E-5 1E-7 8E-4 8E-3
Y, sce **Co - 6E+4 3E-5 9E-8 - -
27 Cobalt-58 W, see ¥*Co ! 2E+3 1E+3 SE-7 2E-9 2E-5 2E4
Y, see ¥*Co 1E+3 TE+2 3E-7 1E-9 - -
27 Cobalt-60m® W, see **Co 1E+6 4E+6 2E-3 6E-6 - T -
St wall
(1E+6) - - - 2E-2 2E-1
Y, see *Co - 3E+6 1E-3 4E-6 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclhides for Occupational Exposure

Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table 11 Table IT]
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col ~2 Col 3 Col 1 Col 2
Oral s Monthly
L Ingestion Inhalation - Average
Atomic Radionuchde Class ALl ALI DAC Ar . Water _ . .Concentration
No (1Ci) (uCi) - (uCvml) (1Cvml) (xCymD) (#Cyml)
27 Cobalt-60 W, see **Co SE+2 2E+2 7E-8 2E-10 3E-6 3E-5
Y, see *Co 2E+2 3E+1 1E-8 SE-11 - -
27 Cobalt-61¥ W, see *Co 2E+4 6E+4 3E-5 9E-8 3E4 3E-3
Y, see ¥Co 2E+4 6E+4 2E-5 8E-8 - -
27 Cobalt-62m* W, see ¥Co 4E+4 2E+5 7E-5 2E-7 - -
Stwall
N (5E+4) - - - TE-4 7E-3
Y, see ¥Co - 2E+5 6E-5 2E-7 - -
28 Nickel-56 D, all compounds except '
those given for W 1E+3 2E+3 8E-7 3E-9 2E-5 2E-4
W, oxides, hydroxides,
and carbides - 1E+3 5E-7 2E-9 - -
Vapor - 1E+3 5E-7 2E-9 - -
28 Nickel-57 D, see **Ni 2E+3 SE+3 2E-6 7E-9 2E-5 2E-4
W, see >N - 3E+3 1E-6 4E-9 - -
Vapor - 6E+3 3E-6 9E-9 - -
28 ;- Nickel-59 D, see **Na 2E+4 4E+3 2E-6 SE-9 3E4 3E-3
W, see >Ny - TE+3 3E-6 1E-8 - -
Vapor - 2E+3 8E-7 3E-9 - -
28 Nickel-63 D, see *N 9E+3 2E+3 7E-7 2E-9 1E-4 1E-3
W, see *Ni - 3E+3 1E-6 .4E-9 - -
Vapor - 8E+2 3E-7 1E-9 - -
28 Nickel-65 D, see *N1 8E+3 2E+4 1E-5 3E-8 1E4 1E-3
W, see *Ni - 3E+4 1E-5 4E-8 - -
Vapor - 2E+4 7E-6 2E-8 - -
28 Nickel-66 D, see *Ni 4E+2 2E+3 7E-7 2E-9 - -
LLI wall
(SE+2) - - - 6E-6 6E-5
W, see *Ni - 6E+2 3E-7 9E-10 - -
Vapor - 3E+3 1E-6 4E-9 - -
29 Copper-60* D, all compounds except .
those given for Wand Y 3E+3 9E+4 4E-5 1E-7 - -
: St wall
(GE+4) . - - . 4E4 4E-3
W, sulfides, hahdes, .
-E . and mitrates - 1E+5 SE-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 4E-5 1E-7 - -
29 Copper-61 D, see “Cu 1E+4 3E+4 1E-5 4E-3 2E4 2E-3
W, see “Cu - 4E+4 2E-5 6E-8 - -
Y, see “Cu - - 4E+4 1E-5 5E-8 - -
29 Copper-64 D, see “Cu 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
W, see “Cu - 2E+4 1E-5 3E-3 - -
Y, see “Cu - 2E+4 9E-6 3E-8 - -
29 Copper-67 D, see “Cu SE+3 8E+3 3E-6 1E-8 6E-5 6E-4
W, see “Cu - 5E+3 2E-6 7E-9 - -
Y, see “Cu - SE+3 2E-6 6E-9 - -
30 Zinc-62 Y, all compounds 1E+3 3E+3 1E-6 4E-9 2E-5 2E4
30 Zinc-63Y Y, all compounds 2E+4 TE+4 3E-5 9E-8 - -
St wall
(3E+4) - - - 3E4 3E3
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Annual Limuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
T, T ¢ ' -

" Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)
Al

Table1 Table 11 Table 11T
Occupational Effluent Releases to
Values ? Concentrations Sewers
Col. 1 Col 2 Col 3 Col. 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Air Water Concentration
No : {uCiy (uCn) (uCyml) (uCvml) (uCvml) (uCvmly
30 Zine6s Y, all compounds 4E+2 3E+2 1E-7 4E-10 SE6 SES
30 Zinc-69m Y, all compounds 4E+3 TE+3 3E-6 1E-8 6E-5 6E-4
30 Zine-69¥ Y, all compounds 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
30 Zinc-71m Y, all compounds 6E+3 2E+4 7E-6 2E-8 8E-5 - 8E-4
30 Zine-72 Y, all compounds 1E+3 1E+3 5E-7 2E-9 1E-5 1E-4
31 Galllum-65¥ D, all compounds except
those given for W SE+4 2E+5 7E-5 2E-7 - -
St wall
(6E+4) - - , - 9E-4 9E-3
W, oxides, hydroxides,
carbides, halides, and
nitrates - 2E+5 8E-5 3E-7 - -
3] Galhum-66 D, see °Ga 1E+3 4E+3 1E-6 5E-9 1E-5 1E4
W, see ¥Ga - 3E+3 1E-6 4E-9 - -
31 Gallium-67 D, see ¥Ga 7E+3 1E+4 6E-6 2E-8 1E4 1E-3
W, see ¥Ga - 1E+4 4E-6 1E-8 - -
31 Gallum-68% D, see “Ga 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see Ga - SE+4 2E-5 7E-8 - -
31 Gallium-70¥ D, see “Ga SE+4 2E+5 7E-5 2E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
W, see ®Ga - 2E+5 8E-5 3E-7 - -
31 Gallium-72 D, see %°Ga 1E+3 4E+3 1E-6 5E-9 2E-5 2E4
W, see ®Ga - 3E+3 1E-6 4E-9 - -
31 Galhum-73 D, see %Ga SE+3 2E+4 6E-6 2E-8 7E-5 7E-4
W, see “Ga - 2E+4 6E-6 2E-8 - -
32 Germantum-66 D, all compounds except
those given for W 2E+4 3E+4 1E-5 4E-8 3E4 3E-3
W, oxides, sulfides, 1
and halides - 2E+4 8E-6 3E-8 - -
32 Germanium-67¥ D, see %Ge 3E+4 9E+4 ' 4E-5 1E-7 - -
Y St wall
(4E+4) . - - 6E-4 6E-3
W, see %Ge - 1E+S 4E-S 1E-7 - -
L]
32 ' Gernanium-68 D, see %Ge - SE+3 . 4E+3 2E-6 5E-9 6E-5 6E-4
W, see %Ge - 1E+2 4E-8 1E-10 - -
32 Germanium-69 D, see “Ge 1E+4 2E+4 6E-6 2E-8 2E4 2E-3
W, see %Ge - 8E+3 3E-6 1E-8 - -
32 Germanium-71 D, see *Ge SE+5 4E+5 2E-4 6E-7 7E-3 TE-2
W, see “Ge - 4E+4 2E-5 6E-8 - -
32 Germanium-75¥ D, see “Ge 4E+4 8E+4 3E5 1E-7 - -
St wall
(TE+4) - - - 9E-4 9E-3
W, see %Ge - 8E+4 4E-5 1E-7 - -
Al
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Annual Limits on Intake (AL1) and Derived Air gioncen'tr'gnions (DAC) of Radionuchdes for Occupational Exposure
" Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Tablel Table It Table 111
a Occupational Effluem Releases to
Values Concentrations Sewers
Col. 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuclide Class " ALl ALl DAC Air Water * Concentration
No - ! (#Ci) (uCi) (uCvml) (uCyml) (xCvml) (uCvml)
32-- Gemanium77  ~ "Dsee®Ge 9E+3 1E+4 4E-6 JES 1E-4 1E3
W, see $Ge - 6E+3 2E-6 S8E-9 - -
32 Germanium-78Y D, see *Ge 2E+4 2E+4 9E-6 3E-8 - -
St wall . ‘
(2E+4) - - .- 3E-4 3E-3
W, see “Ge - 2E+4 9E-6 3E-8 - -
33 Arsenic-69¥ W, all compounds 3E+4 1E+5 SE-§ . 2E7 - -
St wall s,
(4E+4) - - N 6E-4 6E-3
33 Arsenic-70% W, all compounds 1E+4 5E+4 2E-5 7E-8 2E4 2E-3
33 Arsenic-71 W, all compounds 4E+3 SE+3 2E-6 6E-9 5E-5 . 5E-4 .
a3 Arsenic-72 W, all compounds 9E+2 1E+3 6E-7 2E-9 1E-5 1E4
33 Arsenic-73 ‘W, all compounds 8E+3 2E+3 7E-7 2E-9 1E4 1E-3
33 Arsenic-74 W, all compounds 1E+3 8E+2 3E-7 1E-9 2E-S 2E-4
33 Arsenc-76 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
33 Arsenic-77 W, all compounds 4E+3 SE+3 2E-6 7E-9 - -
LLI wall .
(5E+3) - - - 6E-5 G6E-4
33 Arsenic-78¥ W, all compounds 8E+3 2E+4 9E-6 "3E-8 ) 1E-4 ' 1E-3
34 Selenium-70% D, all compounds except .
R those given for W - 2E+4 4E+4 2E-5 SE-8 1E-4 1E-3
W, oxides, hydroxides, )
carbides, and . - .
elemental Se 1E+4 4E+4 2E-5 6E-8 - -
34 Selenium-73m" D, see Se 6E+4 2E+5 T 6E-5 2E-7, 4E-4 4E-3
W, see Se - IE+4 1E+5 6E-5 ' 2E-7 - -
34 Selenium-73 D, see Se 3E+3 - 1E+4 SE-6 2E-8 5. 4E-5 4E-4
W, see ®Se - : 2E+4 7E-6 2E-8° - -
34 Selenum-75 D, see °Se SE+2 TE+2 ' 3E-7 1E-9 7E6 7E-5
W, see "Se - 6E+2 3E-7 8E-10 - -
34 Selenium-79 D, see Se 6E+2 ~ 8E+2 3E-7 1E-9 8E-6 8E-5
W, see °Se .- .. 6E2 2E-7 8E-10, . - <.
34 Selenum-81m¥ D, see Se : 4E+4 - TE+4 3E-5 9E-8 3E4 3E-3
: W, see ™Se ) 2E+4 TE+4 * 3ES 1E-7 : - -
34 Selenium-81¥ D, see Se 6E+4 2E+5 . 9ES 3E-7 - : - "
‘ Stwall
(S8E+4) - - - R 1E-3 oL 1E-2
W, see ®Se - 2E+5 1IE4 3E7 - -
34 Selenium-83% D, see Se 4E+4 1E+S SE-5 2E-7 4E-4 4E-3
W, see "Se ] 3E+4 1E+5 . SES 2E-7 - roo-
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
’ t " ‘ Y

Yo

Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table] Table 11 Table IT1
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2’ Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl ALl DAC Armr Water Concentration
No. I, - (uCi) (1Ci (Ciml) (nCv/ml) (nCirmn (uCi/mly
5 Bromune-74m? D, bromides of H, Li, *
Na, K, Rb, Cs, and Fr ' 1E+4 4E+4 2E-5 SE-8 - -
Stwall
¢ (2E+4) - - - 3E-4 3E-3
W, bromudes of lantha-
mdes, Be, Mg, Ca, Sr,
Ba, Ra, AL, Ga, In, T],
Ge, Sn, Pb, As, Sb, Bi,
Fe, Ry, Os, Co,Rh, Ir,
Ni, Pd, Pt, Cu, Ag, A}:.
Zn, Cd, Hg, 8¢, Y, Ti,
Zr, HE, V, Nb, Ta, Mn,
Te, and Re - 4E+4 2E-5 6E-8 - -
35 Bromune-74Y D, see ™™Br ’ 2E+4 TE+4 3B5 1E-7 . .
St wall
’ (4E+4) - - - 5E-4 SE-3
W, see “Br - 8E+4 4E-5 1E-7 - ' -
35 Bromne-75¥ D, see ""Br 3E+4 SE+4 2E-5 TE-8 - -
St wall
(4E+4) . - - SE-4 SE-3
W, see “™Br - SE+4 2E-5 7E-8 - -
35 Bromine-76 D, see “™Br 4E+3 SE+3 2E-6 7E-9 SE-5 SE-4
W, see "By - 4E+3 2E-6 6E-9 - -
35 Bromine-77 D, see ™Br 2E+4 2E+4 1E-5 3E-8° 2E-4 2E-3
W, see "By - 2E+4 8E-6 3E-8 - -
35 Bronune-80m D, see "*"Br 2E+4 2E+4 7E-6 2E-8 3E4 3E-3
W, see *"Br - 1E+4 6E-6 2E-8 - -
35 Bromine-80¥ D, see ""Br SE+4 2E+5 8E-5 3E-7 - .
St wail
(9E+4) - - - 1E-3 1E-2
' W, see "*"Br - 2E+5 9E-5 3E-7 - -
35 Bromine-82 D, see ""Br . IE+3 4E+3 2E-6 6E-9 4E-5 4E-4
- W, see "Br - 4E+3 2E-6 SE-9 - -
35 Bromune-83 D, see ""Br SE+4 6E+4 3E5 SE-8 - -
, Stwall
e (7E+4) - - - 9E-4 9E-3
W, see "*"Br - 6E+3 3E-5 9E-8 - -
35 Bromine-84¥ - D, see™Br . " 2E#4 6E+4 2E-5 S8E-8 - -
St wall
- (3E+4) - - - 4E-4 4E-3
W, see "Br - 6E+4 3ES 9E-8 - -
36 Krypton-74¥ Submersion® - - 3E-6 1E-8 - -
36 Krypton-76 Submersion* L. - - 9E-6 4E-8 - -
36 Krypton-77¥ Submersion” ; - - 4E-6 2E-8 - - '
16 Krypton-79 Submersion? - - 2E-5 7E-8 - -
36 Krypton-81 Submersion? - - 7E-4 3E-6 - -
36 Krypton-83m¥ Submersion® - - 1E-2 SE-5 - -
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Annual Limuts on Intake (ALI)} and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations |, .
Concentrations for Release to Sanitary Sewerage (Continued) . - .

Tablel Table I1 Table I11
i . Occupationa! Effluent Releases to
, « ' Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atormuc  Radionuchde Class ALI ALl DAC Arr Water Concentration
No - . . Ch)  -. - (uCi) (:Cv/ml) (C¥ml) - (uCvml) -
(uCvml)
36 Krypton-85m Submersion* - REAE 2E-5 1E-7 - -
36 Krypton-85 Submersion® - -t 1E4 7E-7 - -
. -
36 Krypton-87¥ Submersion® - - SE-6 2E-8 - -
36 Krypton-88 Submersion® - ' - 2E-6 9E-9 - -
37 Rubidium-79%¥ D, all compounds 4E+4 1E+S 5E-5 2E-7 - . -
Stwall o Y.
(6E+4) - - - 8E-4 8E-3
37 Rubidum-81m¥ D, all compounds 2E+5 3E+S 1E4 . SE-7 - -
St wall cC
(3E+5) - - - 4E-3 .+ 4E2
37 Rubidium-81 D, all compounds - 4E+4 SE+4 2E-5 "t 7E8 5E-4 SE-3
37 Rubidium-82m D, all compounds 1E+4 2E+4 B TE-6 2E-8 2E4 .. _ . 2E-3
ARy
« t
37 Rubidium-83 D, all compounds 6E+2 1E+3 4E-7 1E9 9E-6 9E-5
37 Rubidium-84 D, all compounds 5E+2 8E+2 3E-7 1E9 7E-6 7E-5
37 Rubidium-86 D, all compounds S5E+2 8E+2 3E-7 _ IE9 7E-6 . ., TES
37 Rubidium-87 D, all compounds 1E+3 2E+3 6E-7 2E9 1E-5 1E4
37 Rubidium-88Y D, all compounds 2E+4 6E+4* 3E5 SE8 - -
. Stwall *
(3E+4) - - - 4E4 4E-3
37 Rubidium-89¥ D, all compounds AE+4 1E+5 7 6E-5 2E-7 - -
B St wall ,
~ ‘ (6E+4) - - - 9E4 9E-3
33 Strontium-80¥ D, all soluble compounds - .
except SrTi0; 4E+3 - 1E+4 5E-6 2E-8 6E-5 6E-4
Y, all msoluble com- . .
pounds and SrTi0y - - 1E+4 * SE-6 2E-8 - -
38 Strontjum-81¥ D, see *°Sr 3E+4 8E+4* 3E-$5 1E-7 3E4 3E-3
e Y, see *°Sr 2E+4 BE+4 3E-5 1E-7 - -
38 Strontrum-82 D, see ®Sr 3E+2 4E+2 ¢ - 2E-7 '6E-10 - -
. LLI wall
- - (2E+2) - - - 3E-6 3E-5
- Y, see ®Sr 2E42 -7 9E+1 4E-8 1E-10 - -
38 Strontium-83 D, see *%Sr 3E+3 TE+3 3E-6 1E-8 3E-5 . ., 3E4
Y, see ©sr 2E+3 - 4E+3 + 1E-6 SE-9 - -
38 Strontium-85m®’ D, sec *r 2E+5 6E+S 3E4 9E-7 3E-3 3E-2
Y, see ¥Sr - : 8E+5 4E4 1E6 - -
38 Strontium-85 D, see *°Sr - 3E+3 3E+3 1E-6 4E-9 4E.5 4E4
Y, see ¥'Sr - 2E+3 6E-7 2E-9 - -
38 Stontum-87m D, see St SE+4 .1 I1E4S - SES 2E7 6E4 6E-3
Y, see "°Sr 4E+4 2E+5 6E-5 2E-7 - -
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Annual Limts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
et "', .Effluent Concentrations
Concentrations for Release to Samitary Sewerage (Continued)

- — \/
Tablel Table Il Table ITI
, Occupational Effluent Releases to
Values Concentrations Sewers
Col. t Col 2 Col 3 Col 1 Col.2
Oral . Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl ALI DAC Ar Water Concentration
No (uCi (uCiy - (pCymh) {(uCvml) (uCyvml) (uCi'ml)
38 Strontium-89 D, see *°Sr 6E+2 8E+2 " 4E-7 1E-9 - . ’
LLI wall
(6E+2) - - - 8E-6 8E-5
Y, see *°Sr SE+2 1E+2 6E-8 2E-10 - .
38 Strontium-90 D, see *°Sr “ 3E4H1 2E+1 8E-9 - - .
Bone surf Bone surf
(4E+1) (2E+1) - 3E-11 5E-7 5E-6
Y, see ®Sr - 4E+0 2E-9 6E-12 - -,
38 Strontium-91 D, see *Sr 2E+3 GE+3 2E-6 8E-9 2E-§ 2E-4
Y, see *°Sr - 4E+3 1E-6 SE-9 - -
38 Strontium-92 D, see ¥Sr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see *°Sr - 7E+3 3E-6 9E-9 . -
39 Yttrium-86m¥ W, all compounds except
those given for Y . 2E+4 6E+4 2E-5 8E-8 3E4 3E-3
Y, oxides and hydroxides - S5E+4 2E-5 8E-8 - -
39 Yttnum-86 W, see *y 1E+3 3E+3 1E-6 SE-9 2E-5 2E-4
Y, see 'y - 3E+3 1E-6 SE-9 - -
39 Ytnum-87 W, see 'omy 2E+3 3E+3 1E-6 SE-9 3E-5 3E-4
Y, see ¥y - 3E+3 1E-6 SE-9 - -
39 Yttrum-88 W, see ¥y 1E+3 3E+2 1E-7 3E-10 1E-5 1E-4 N
Y, see 'y - 2E+2 1E-7 3E-10 - -
39 Yttnum-90m W, see sy 8E+3 1E+4 SE-6 2E-8 1E4 1E-3
Y, see ™y - 1E+4 5E-6 2E-8 - -
39 Yitrium-90 W, see *my 4E+2 TE+2 3E-7 9E-10 - -
LLI wall
i (5E+2) - - - 7E-6 7E-5
Y, see ¥y - 6E+2 3E-7 9E-10 - -
39 Yttrium-91mY W, sec "5y 1E+5 2E+5 1E-4 3E-7 2E-3 2E-2
Y, see 'y - 2E+5 7E-S 2E-7 - -
39 Yttrium-91 W, see **y 5E+2 2E+2 7E-8 2E-10 - -
LLI wall
(6E+2) - . - 8E-6 8E-5
e L Y, sce 'y - 1E+2 SE-8 2E-10 - -
39 Yttrium-92 W, see ¥y 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see "y - 8E+3 3E-6 1E-8 - -
39 Yitrium-93 W, see 'y 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see *my - 2E+3 1E-6 3E-9 - -
39 Yttrium-94¥ W, see *y 2E+4 8E+4 3E-3 1E-7 - -
St wall
- (3E+4) - - . - 4E-4 4E-3
Y, see ¥my - 8E+4 3E-5 1E-7 - -
39 Yttrium-95¥ W, see by 4E+4 2E+5 6E-5 2E-7 - -
: St wall
(5E+4) - - - 7E4 7E-3
Y, see ¥y - 1E+5 6E-5 2E-7 - -
N
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Samitary Sewera’gq (Continued)

Table 1 Table 11 Table 111
Occupattonal Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col. 1 Col 2
Onal - Monthly
. , Ingestion Inhalation Average
Atomuc  Radionuclide Class _ ALl ALl DAC . Arr -~ Water -~ Concentration
“No - - a (uCi) (uCi) (uCi/fmD) (CVmD (xC¥/mb) (zCvml)
40 Zircomum-86 D, all compounds except -
those given for W and Y 1E+3 4E+3 2E-6 6E-9 2E-5 2E4
‘W, oxides, hydroxides, N
halides, and nitrates - 3E+3 1E-6 4E-9 - -
Y, carbide - 2E+3 1E-6 3E-9 - .
40 Zirconium-88 D, see *Zr 4E+3 2E+2 9E-8 3E-10 SE-§ SE-4
W, see %Zr - SE+2 2E-7 7E-10 - -
Y, see *Zr - 3E+2 1E-7 4E-10 - -
40 Zirconium-89 D, see *Zr 2E+3 4E+3 1E-6 5E-9 2E-5 2E-4
W, see ¥Zr - 2E+3 LE-6 3E-9 - ..
Y, see *zZr - 2E+3 1E-6" . 3E9 - -
40 Zirconium-93 D, see *Zr 1E+3 6E+0 3E-9 Z - -
Bone surf’ Bone surf
(3E+3) (2E+1) - 2E-11 4E-5 ) '4E-4
W, see "Zr - 2E+1 1E-8 o} u} a}
i Bone surf
- (6E+1) - 9E-11 - - -
Y, see ¥Zr - 6E+1 2E-8 - - -
' Bone surf .
- (JE+1) - 9E-11 - -
40 Zirconium-95 D, see *Zr 1E+3 1E+2 SE-8 - 2E-5 2E-4
Bone surf - .
- (3E+2) - 4E-10 - -
W, see *Zr - 4E+2 2E-7 SE-10 - -
Y, see **Zr - 3E+2 - 1E-7 4E-10 - -
40 Zirconium-97 D, see *Zr 6E+2 2E+3 8E-7 3E9 9E-6 9E-5
W, see %Zr - 1E+3 6E-7 2E-9 - -
Y, see Zr - 1E+3 SE-7 . 2E9, - -
41 Niobium-88Y¥ W, all compounds except .
those given for Y SE+4 2E+5 9E-5 3E-7 - . -
St wall -
(TE+4) - - - 1E-3 1E-2
Y, oxides and hydroxides - 2E+5 9E-5 3E-7 - -
41 Niobium-89¥ W, see ¥Nb 1E+4 4E+4 2E-5 6E-8 1E4 1E-3
(66 min)
Y, see ¥Nb - 4E+4 -~ 2E-5 SE-8 | - -
41 Niobium-89 W, see “Nb SE+3 2E+4 8E-6 3E-8 7ES 7E-4
(122 min) -
. . Y.see®™Nb - 2E+4 6E-6 2E-8 - -
41 Niobium-90 W, see *Nb 1E+3 3E+3 1E-6 4E-9 1E-§ T 1E4
Y, see ®Nb - 2E+3 1E-6 3E9 - -
41 Niobium-93m W, see ®Nb 9E+3 - 2E+3 8E-7 3E9 - -
LLI wall
(1E+4) - - N - 2E-4 . 2E-3
Y, see "Nb - 2E+2 7E-8 2E-10 - -
41 Niobium-94 W, sec **Nb 9E+2 2E+2 BE-8 3E-10 1E55 - 1E4
Y, see ¥Nb - 2E+1 6E-9 2E-11 - -
41 Niobium-95m W, see ¥Nb 2E+3 3E+3 1E-6 4E-9 - -
LLIwall '
(2E+3) - - - 3E-5 3E-4
Y, see *'Nb - 2E+3 9E-7 3E-9 - -
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Annual Limuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

o’
Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col. 2 Col 3 Col1’ Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclde Class ALl ALl DAC Amr Water Concentration
No. (uCi) (uCi) (xCvml) (uCvml) (#Cvml) (uCvml)
41- Niobium-95 W, see *Nb - 2E+3 1E+3 SE-7 2E-9 3E-5 3E-4
Y, see **Nb - 1E+3 SE-7 2E-9 - .
41 Niobum-96 W, see ®*Nb 1E+3 3E+3 1E-6 4E-9 2E-5 2E-4
Y, see **Nb - 2E+3 1E-6 3E-9 - -
41 Niobium-97¥ W, see ®*Nb 2E+4 8E+4 3E-5 1E-7 3E4 3E-3
Y, see ®*Nb - TE+4 3E-5 1E-7 - -
| Niobium-98¥ W, see **Nb 1E+4 SE+4 2E-5 3E-8 2E-4 2E-3
Y, see *Nb - 5E+4 2E-§ 7E-8 - -
42 Molybdenum-90 D, all compounds except
those given for Y 4E+3 7E+3 3E-6 1E-8 3E-S 3E4
Y, oxides, hydroxides,
and MoS, 2E+3 SE+3 2E-6 6E-9 - -
42 Molybdenum-93m D, see ®Mo 9E+3 2E+4 7E-6 ' 2E-8 6E-5 6E-4
Y, see *Mo 4E+3 1E+4 6E-6 2E-8 - -
42 Molybdenum-93 D, see *Mo 4E+3 SE+3 2E-6 8E-9 SE-5 5E-4
Y, see *Mo 2E+4 2E+2 8E-8 2E-10 - -
42 Molybdenum-99 D, see “Mo 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see Mo 1E+3 1E+3 6E-7 2E-9 - -
42 Molybdenum-101¥ D, see Mo 4E+4 1E+5 6E-5 2E-7 - - N
) Stwall
(SE+4) - - - 7E-4 7E-3
Y, see ®Mo - 1E+5 6E-5 2E-7 - -
43 Technetium-93m? D, all compounds except
those given for W TE+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, oxides, hydroxides,
halides, and nitrates - 3E+S 1E4 4E-7 - -
43 Technetium-93 D, see ®"T¢ 3E+4 TE+4 3E-5 1E-7 4E4 4E-3
W, see ™Tc - 1E+5 4E-5 1E-7 - -
43 Techretium-94m? D, see ™T¢ 2E+4 4E+4 2E-5 6E-8 3E-4 3E3
W, see ®"T¢ - GE+4 2E-5 8E-8 - -
43 Technetum-94 D, see "™ Te¢ 9E+3 2E+4 8E-6 3E-8 1E-4 1E-3
s W, see “™T¢ - 2E+4 1E-5 3E-8 - -
43 Technetium-95m D, see *™Te 4E+3 SE+3 2E-6 8E-9 SE-5 SE-4
_ W, see ™Te - 2E+3 8E-7 3E-9 - -
43 Technetium-95 D, see ™ Tc 1644 2E+4 SE-6 3E-8 1E-4 1E3
W, see P"Tc - 2E+4 8E-6 3E-8 - -
43 Technetium-96m® D, see ™Tc 2E+5 3E+5 1E-4 4E-7 2E-3 2E-2
W, see ™ T - 2E+5 1E-4 3E-7 - -
43 " Technetium-96 D, see ?™T¢ 2E+3 3E+3 1E-6 SE-9 3E-5 3E-4
W, see P™Tc - 2E+3 9E-7 3E-9 - -
43 Technetium-97m D, see T SE+3 7E+3 3E-6 . 6E-5 6E-4
St wall
- (7E+3) - 1E-8 - -
W, see ™T¢ - 1E+3 SE-7 2E-9 - -
e
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atormuc  Radionuchde Class ALl ALl DAC Air Water . Concentration
No. (uCi) (uCi) (uCi/ml) (uCi/mI) (aCvml) (uCi/mb)
43 Technetinm-97 D, see ®"Tc 4E+4 5E+4 2E-5 7E-8 5E-4 SE-3
W, see "™T¢ - 6E+3 2E-6 8E-9 - -
43 Technetium-98 D, see ¥™T¢ 1E+3 2E+3 7E-7 2E-9 1E-5 1E-4
W, see ¥'™Tc - 3E+2 1E-7 4E-10 - . -
43 Technetium-99m D, see *™T¢ SE+4 2E+5 6E-5 2E-7 1E-3 1E-2
W, see Tc - 2E+S 1E4 3E-7 - -
43 Technetium-99 D, see *™T¢ 4E+3 SE+3 2E-6 - 6E-5 6E4
St wall f
- (6E+3) - SE-9 - -
W, see T - TE+2 3E-7 9E-10 - -
43 Technetum-101Y D, see **™T¢ 9E+4 3E+5 1E4 SE-7 - T .
St wall
(1E+5) - - - 2E-3 2E-2
W, see P™Tc - 4E+5 2E-4 SE-7 - -
43 Technetium-104Y D, see *"Tc 2E+4 7E+4 3E-5 1E-7 - -
St wall
(3E+4) - - - 4E-4 4E-3
W, see *™T¢ - 9E+4 4E-5 1E-7 - -
44 Ruthenium-94% D, all compounds except ) .
those given for Wand Y 2E+4 - 4E+4 2E-5 6E-8 2E-4 2E-3
W, hahdes - 6E+4 3E-5 9E-8 - -
Y, oxides and hydroxides - 6E+4 2E-5 8E-8 - -
44 Ruthenium-97 D, see ¥Ru 8E+3 2E+4 8E-6 3ER 1E4 1E-3
W, see ¥Ru - 1E+4 SE-6 2E-8 - -
Y, see ¥Ru - 1E+4 SE-6 2E-8 - -
44 Ruthenium-103 D, see *Ru 2E+3 2E+3 7E-7 2E9 3E-§ 3E4
W, see *Ru - 1E+3 4E-7 1E-9 - -
Y, see “Ru - 6E+2 3E-7 9E-10 - -
44 " Ruthemum-105 D, see *Ru SE+3 1E+4 6E-6 2E-8 7E-5 7E-4
W, see *Ru - 1E+4 6E-6 2E-8 - -
Y, see *Ru - 1E+4 5E-6 . 2E-8 - R -
44 Ruthenium-106 D, see ¥Ru 2E+2 _ 9E+ 458 1E-10 - -
LLI wall
_lE s (2E+2) - - ) - 3E6 - 3E-S
W, see *Ru - SE+1 2E-8 8E-11 - -
Y, see ¥Ru - 1E+1 SE-9 2E-11 - -
45 Rhodium-99m - D, all compounds except . "
those given for W and Y 2E+4 6E+4 2E-5 SE-8 2E-4 2E3
W, hahides - 8E+4 3E-§ 1E-7 - -
Y, oxides and hydroxides  ° - TE+4 3E-5 J9E-8 - -
45 Rhodium-101m D, see ®™Rh 6E+3 1E+4 SE-6 2E-8 8E-5 8E-4
W, see *™Rh - 8E+3 4E-6 . 1E-8 - -
Y, see ™Rh - SE+3 3E-6 1E-8 - .
45 Rhodium-101 D, see “™Rh 2E+3 5E+2 2E-7 7E-10 3E-5 T 3E4
W, see ®"Rh : - 8E+2 3E.7 1E-9 - -
Y, see ®™Rh - 2E+2 6E-8 2E-10 - -
45 Rhodium-99 D, see ™Rh 2E+3 3E+3 1E-6 4E-9 3E-5 3E4
W, se¢ *™Rn - 2E+3 9E-7 3E-9 - -
Y, see “™Rh - 2E+3 8E-7 3E-9 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuchdes for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col. 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl ALl DAC Arr Water Concentration
No - (uCi) (uC (uCyml) (uCvml) (uCvml) (#Cvmly
45 Rhodium-100 D, see ™ Rh 2E+3 SE+3 2E-6 7E-9 2E-5 2E-4
W, see " Rh - 4E+3 2E-6 6E-9 - -
Y, see ®™Rh - 4E+3 2E-6 SE-9 - .
45 Rhodiim-102m D, see ™Rh 1E+3 SE+2 2E-7 7E-10 - .
LLI wall
(1E+3) - - - 2E-5 2E4
W, see ™ Rh - 4E+2 2E-7 SE-10 - .
Y, see ®™Rh - 1E+2 SE-8 2E-10 - -
45 Rhodium-102 D, see ™ Rh 6E+2 9E+1 4E-8 1E-10 8E-6 8E-5
W, see ™Rh - 2E+42 7E-8 2E-10 - -
Y, see *™Rh - 6E+1 2E-8 8E-11 - -
45 Rhodium-103m®’ D, see *™Rh 4E+5 1E+6 SE-4 2E-6 6E-3 6E-2
W, see “™Rh - 1E+6 SE4 2E-6 - -
Y, see ®"Rh - 1E+6 SE-4 2E-6 - -
45 Rhodum-105 D, see *™Rh 4E+3 1E+3 - 5E-6 2E-8 - -
LLI wall
(4E+3) - - - SE-5 SE-4
W, see ®™Rh - 6E+3 3E-6 9E-9 - -
Y, see ™Rh - 6E+3 2E-6 8E-9 - -
45 Rhodium-106m D, see ®™Rh 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
W, see ®"Rh - 4E+4 2E-5 5E-8 - -
Y, see “™Rh - 4E+4 1E-5 SE-8 - -
45 Rbodium-107¥ D, see ™™ Rh TE+4 2E+5 1E4 3E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see “™Rh - 3E+S 1E-4 4E-7 - -
Y, see ™™Rh - 3E+S 1E4 3E-7 - -
46 Palladium-100 D, all compoundd4s except
those given for Wand4 Y 1E+3 1E+3 6E-7 2E-9 2E-5 2E-4
W, mitrates - 1E+3 SE-7 2E-9 - -
Y, oxides and hydroxides - 1E+3 6E-7 2E-9 - -
46 Palladium-101 D, see '®Pd 1E+4 3E+4 1E-5 SE-8 2E4 2E-3
W, see '®pd - 3E+4 1E-5 5E-8 - -
Y, see '®pd - 3E+4 1E-5 4E-8 - -
46 Palladium-103 D, see '°Pd 6E+3 6E+3 IE6 9E-9 - -
LLI wall
. s (7E+3) - - - 1E-4 1E-3
W, see *“pd - - 4E+3 2E-6 6E-9 - -
Y, see '™Pd - 4E+3 1E-6 SE-9 - -
46 Palladium-107 D, sce '*Pd B 3E+4 2E+4 9E-6 - - -
LLI wall Kidneys
. (4E+4) (2E+4) - 3E-8 SE-4 SE-3
W, see '®pd - TE+3 3E6 1E-8 - -
Y, see '°Pd - 4E+2 2E-7 6E-10 - -
46 Palladium-109 D, see '“Pd 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
W, see 'pd - SE+3 2E-6 8E-9 - -
Y, see '°Pd - SE+3 2E-6 6E-9 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations {DAC) of Radionuchdes for Occupational Exposure
Effluent Concentrations .
Concentrations fo!"Rgl_é_agg to Sanitary Sewerage (Continued)

. Table ] Table I Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Cot 3 Col 1 Col 2
Oral ; Monthly
., Ingestion Inhalation » Average
. Atomc  Radionuchde Class ALl ALl DAC Arr Water _Concentration
" No GO - - - (uCi) (uCi/ml) (#Cvml} (xCvmb) (aCvm))
47 Silver-102¥ D, all compounds except
those given for Wand Y 5E+4 2E+5 8E-5 2E-7 - -
St wall
(6E+4) - - - 9E4 9E-3
W, nitrates and sulfides - 2E+5 9E-5 3E-7 - -
Y, oxides and hydroxides -, 2E+5 8E-S 3E-7 - -
47 Silver-103¥ D, see '“Ag 4E+4 1E+5 4E-5 1E-7 SE-4 5E-3
W, see "Ag - 1E+5 SE-5 2E-7 - -
Y, see "Ag - 1E+5 SE-5 2E-7 - -
47 Silver-104m¥’ D, see 'Ag 3E+4 9E+4 4E-5 1E-7 4E-4 4E-3
W, see Ag - 1E+5 5E-5 2E-7 - -
Y, see '%Ag - 1E+5 SE-5 2E-7 - -
47 Silver-104¥ D, see 'Ag 2E+4 - TE+4 3E-5 1E-7 3E4 3E-3
W, see '%Ag - IE+5 6E-5 2E-7 - -
Y, see '%Ag - 1E+5 6E-5 2E-7 - -
47 Silver-105 D, see "PAg 3E+3 1E+3 4E-7 1E-9 4E-5 - 4E-4
W, see "Ag - ' 2E+3 7E-7 2E-9 - -
Y, see 'ZAg - 2E+3 TE-7 2E-9 - -
47 Silver-106m D, see '“Ag 8E+2 TE+2 3E-7 1E-9 1E-5 1E4 ,
W, see '%Ag - . 9E+2 4E-7 1E-9 - -
Y, see 'Ag - 9E+2 4E-7 1E-9 - -
47 Silver-106¥ D, see Ag 6E+4 2E+S | 8E-5 3E-7 - -
Stwall
(6E+4) - - - 9E-4 9E-3
W, see 1Ag - ' 2E+5 9E-5 3E-7 - -
Y, see '%Ag - 2E+5 8E-5 3E-7 - -
47 Silver-108m D, see '"Ag 6E+2 2E+2 8E-8 3E-10 9E-6 v 9E-5§
W, see 'Ag - ' 3E+2 1E-7 4E-10 - -
Y, see '%Ag - 2E+1 1E-8 3E-11 - -
47 Silver-110m D, see 'Ag SE+2 | 1E+2 5E-8 2E-10 6E-6 6E-5
W, see '%Ag - 2E+2 8E-8 3E-10 - -
Y, see 'Ag - 9E+1 4E-8 1E-10 | - -
47 Silver-111 D, see "Ag 9E+2 N 2E+3 6E-7 - . - -
) LLI wall Liver
SR P (1E+3) QE+3) . - 2E-9 2E-5 . 2E4
W, see '2Ag - 9E+2 4E-7 1E-9 - -
Y, see "VAg __ 9E+2 4E-7 1E-9 - -
47 Silver-112 D, see "Ag - 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see 1%2Ag - . 1E+4 4E-6 1E-8 . - -
Y, see '%2Ag - 9E+3 ~ 4E-6 1IE8 - -
47 Silver-115¥ D, see '"Ag 3E+4 9E+4 4E-5 1E-7 - -
St wall
(3E+4) - - - - 4E-4 4E-3
W, see '2Ag - 9E+4 4E-5 1E-7 - -
Y, see "2Ag - 8E+4 3E-5 1E-7 - -
< -
43 Cadmium-104¥ D, all compounds except
those given for Wand Y 2E+4 , TE+4 3E-5 9E-8 | 3E4 3E-3
W, sulfides, halides,
and mitrates - ' 1E+5 SE-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 SE-5 2E-7 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure *
Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col 2 Col 3 Col 1 Col. 2
Oral Monthly
Ingestion —Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Air Water Concentration
No. (1uCi) (uCi) (uCvmly (#Cvml) (1Cy'ml) (uCi/ml)
. ,
48 Cadmium-107 D, see ™Cd 2E+4 SE+4 2E-5 8E-8 3E4 3E-3
W, see ’™Cd - 6E+4 2E-5, 8E-8 - -
Y, see '™Cd - SE+4 2E-5 7E-8 - -
48 Cadmium-109 D, see '%Cd 3E+2 4E+1 1E-8 - - -
Kidneys Kidneys
(4E+2) (SE+1) - 7E-11 6E-6 6E-5
W, see '¥Cd - 1E+2 SE-8 - - -
Kidneys
- (1E+2) - 2E-10 - -
Y, see '%Cd - 1E+2 SE-8 2E-10 - -
48 Cadsmum-113m D, see '™Cd 2E+1 2E+0 1E-9 - - -
Kidneys Kidneys
(4E+1) (4E+0) - SE-12 SE-7 SE-6
W, see '™Cd - SE+0 4E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see '™Cd - 1E+1 SE-9 2E-11 - -
48 Cadmrum-113 D, see '™Cd 2E+} 2E+0 9E-10 - - -
Kidneys Kidneys
(GE+1) (3E+0) - SE-12 4E-7 4E-6
W, see '%Cd - 8E+0 3E-9 - - -
Kidneys
- (1E+1) - 2E-11 - -
Y, see '™Cd - 1E+1 6E-9 2E-11 - -
48 Cadmum-115m D, see '*Cd 3E+2 SE+1 2E-8 - 4E-6 4E-5
Kidneys
- (8E+1) - 1E-10 - -
W, see 'Cd - 1E+2 5E-8 2E-10 - -
Y, see '"™Cd - 1E+2 6E-8 2E-10 - -
48 Cadnoum-115 D, see '*Cd 9E+2 1E+3 6E-7 2E-9 - -
LLI wall
(1E+3) - - - 1E-5 1E-4
W, see '%Cd - 1E+3 SE-7 2E-9 - -
Y, see '™Cd - 1E+3 6E-7 2E-9 - -
48 Cadmium-117m D, see '%Cd 5E+3 1E+4 SE-6 2E-8 6E-5 6E-4
W, see '™Cd - 2E+4 7E-6 2E-8 - -
Y, see '™Cd - 1E+4 6E-6 2E-8 - -
e (o
48 Cadmum-117 D, see 'Cd SE+3 1E+4 SE-6 2E-8 6E-5 6E-4
W, see '™Cd - 2E+4 7E-6 2E-8 - -
Y, see '%'Cd - 1E+4 6E-6 2E-8 - -
49 Indium-109 D, all compounds except
those given for W 2E+4 4E+4 2E-5 6E-8 3E-4 3E-3
W, oxides, hydroxides,
halides, and mtrates - 6E+4 3E-5 9E-8 - -
49 Indum-110¥ D, see '*In 2E+4 4E+4 2E-5 6E-8 2E4 2E-3
(69 1 mn) W, see '®In - 6E+4 2E-5 SE-8 - -
49 Indium-110 D, see 'In SE+3 2E+4 7E-6 2E-8 7E-5 7E-4
(4.9h) W, see '®In - 2E+4 8E-6 3E-3 - -
49 Indium-111 D, see '®In 4E+3 6E+3 3E-6 9E-9 6E-5 6E-4
W, see '®In - 6E+3 3E6 9E-9 - -
49 Indium-112Y D, sec '®In 2E+5 6E+5 3E-4 9E-7 2E-3 2E-2
W, see ®In - 7E+5 3E-4 1E-6 - -
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Annual Limits on Intake (ALI) and Derived Air Concentfaiions (]5AC) of }iadibnl;clides for Occupational Exposure
Effluent Concentrations

Concentrations for Release to Sanitary Sew'eragé (Continued)

Al

¥

341

»

) Table I Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
N Col 1 Col 2 Col 3 Col 1 Col 2
Ora! Monthly
Ingestion Inhalatron ' Average
Atorc  Radionuchde Class ALl ALI DAC Arr . Water __. Concentration
No (uCi) (uCi) - (uCvmh) ~ (uCiml) _ (uC/ml) (uCvmb)
49 Indfum-113m¥ D, see "™In SE+4 1E+5§ 6E-5 2E-7 7E-4 7E-3
W, see '®In - 2E+5 8E-5 3E-7 - -
49 Indium-114m D, see 'In 3E+2 6E+1 3E-8 9E-11 - -
LLI wall .
(4E+2) - - - SE-6 SE-5
W, see "In - 1E+2 4E-8 1E-10 - -
49 Indium-115m D, see "®In 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see "™In , - SE+4 2E-§ *7E-8 - - ~
49 Indium-115 D, see '®In i 4E+1 1E+0 6E-10 2E-12 SE-7 SE-6
W, see '®In - SE+0 2E9 SE-12, - -
49 Indium-116m® D, see 'In 2E+4 8E+4 3E-5 1E-7 3E4 3E-3
W, see '"®In - 1E+5 SE-5 2E-7 - -
49 . Indum-117TmY D, see "In 1E+4 3E+4 1E-5 5E-8 2E-4 2E-3
W, see "®In - 4E+4 2E-5 6E-8 - : -
49 Indium-117¥ D, see '®In 6E+4 2E+5 7E-5 _2E-7 8E-4 8E-3
W, see *%In - 2E+5 9E-5 3E-7 . - -
49 Indium-119m® D, see '®In 4E+4 1E+S SE-5 2E-7 - -
St wall B
‘ (SE+4) - - - 7E-4 7E-3
W, see '®In - 1E+5 6E-5 2E-7 - -
50 Tin-110" D, all conmpounds except
those given for W 4E+3 1E+4 SE-6 2E-8 SE-5 SE4
W, sulfides, oxides,
hydroxides, halides,
mtrates, and stannic
phosphate - 1E+4 SE-6 2E-8 - -
50 Tin-111¥ D, see ''%Sn TE+4 2E+5 9E-5 3E-7 1E-3 1E-2
W, see '%n - 3E+5 1E4 4E-7 - -
50 Tin-113 D, see '°Sp 2E+3 1E+3 5E-7 2E-9 - -
. LLIwall
~ (2E+3) - - - 3E-5 3E-4
W, see "°Sn - SE+2 2E-7 8E-10 - -
50 Tin-117m D, see }'°Sn 2E+3 1E+3 SE-7 - - -
e Lo LLI wall Bone surf Lo
(2E+3) (2E+3) - 3E-9 3E-5 3E4
W, see '%n - 1E43 6E-7 2E9. - ' - :
50 Tin-119m D, see 'S . 3E+3 2E+3 1E-6 3E9 - -
LLI wall B -
(4E+3) - - - GE-5 6E-4
W, see '*°Sn - 1E+3 4E-7 1E-9 - -
50  Tin12lm D, see "°Sn 3E43 9E+2 4E7 1ES . -
LLIwall -
: (4E+3) - - - - - SE-5 SE-4
W, see 'Sn - SE+2 2E-7 8E-10 - -
50 Tin-121 D, see "%n 6E+3 - 2E+4 6E-6 2E8 - -
LLI wall
(6E+3) - - - 8E-5 8E4
W, see 1'%Sp - 1E+4 SE-6 2E-8 - -
50 Tin-123m?’ D, see '°Sn SE+4 1E+5 SE-§ 2E-7 7E-4 7E-3
W, see "%p - 1E+5 6E-5 2E-7 - -



Annual Limits on Intake (ALI) and Derived Air Concenfotions (DAC) of Radionuclides for Occupational Exposure
Coe : ’ Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)
- Table ] Table I1 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col. 2 Col. 3 Col 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomue  Radionuchde Class ALl ALl DAC Ar Water Concentration
No. uCi (rCi) (#Cvml) (uCyml) («Cvml) (uCv/ml)
50 Tin-123 D, see "’Sp SE+2 6E+2 3E-7 9E-10 - -
LLI wall
(6E+2) - - - 9E-6 SE-5
W, see ''°Sn - 2E+2 7E-8 2E-10 - -
50 Tm-125 D, see '°Sn 4E+2 9E+2 4E-7 1E-9 - -
LLI wall
(5E+2) - - - 6E-6 6E-5
W, see '1°Sn - 4E+2 1E-7 SE-10 - -
50 Tin-126 D, see "'%Sn 3E+2 6E+1 2E-8 8E-11 4E-6 4E-§
W, see "°Sn - TE+1 3E-8 9E-11 - -
50 Tin-127 D, see "%Sn TE+3 2E+4 8E-6 3E-8 9E-5 9E-4
W, see '"%Sn - 2E+4 8E-6 3E-8 - -
50 Tin-128Y D, see '1°Sn 9E+3 3E+4 1E-5 4E-8 IE-4 1E-3
W, see 1'°Sn - 4E+4 1E-5 SE-8 - -
51 Antimony-115Y¥ D, all compounds except
those given for W 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, oxides, hydroxides,
halides, sulfides,
sulfates, and nitrates - 3E+5 1E-4 4E.7 - -
51 Antimony-116m¥ D, see '’Sb 2E+4 7E+4 3E-5 1E-7 3E4 3E-3
W, see 'sb - 1E+5 6E-5 2E-7 - - .
~
51 Antimony-136Y¥ D, see "sp TE+4 3E+5 1E-4 4E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
W, see 'Vsb - 3E+5 1E-4 SE-7 - -
51 Antimony-117 D, see '’sb TE+4 2E+§ 9E-5 3E-7 9E-4 9E-3
W, see "*Sb - 3E+S 1E-4 4E-7 - -
51 Antimony-118m D, see '¥sb ' 6E+3 2E+4 8E-6 3E-8 7E-5 7E-4
W, see '*sb 5E+3 2E+4 9E-6 3E-8 - -
51 Antimony-119 D, see '¥’sb 2E+4 SE+4 2E-5 6E-8 2E-4 2E-3
W, see '’sb 2E+4 3E+4 1E-5 4E-8 - -
51 Antimony-120¥ D, see '*Sh 1E+S 4E+5 2E-4 6E-7 - -
(16 tun) St wall
~2 . (2E+5) - - - 2E-3 2E-2
W, see 1*sb - SE+S 2E-4 7E-7 - -
51 Antimony-120 | D, see'¥sh 1E+3 2E+3 9E-7 3E-9 1E-5 1E-4
5764d) W, see '13sb - SE+2 1E+3 SE-7 2E-9 - -
51 Antimony-122 D, see '’Sb 8E+2 2E+3 1E-6 3E-9 - -
LLI wall
(8E+2) - - - 1E-5 1E-4
W, see 'Sb TE+2 1E+3 4E-7 2E-9 - -
51 Antimony-124m¥ D, see 'Psb 3E+5 BE+5. 4E4 T 1E-6 IE3 3E2
W, see 'Sb 2E+5 6E+5S 2E-4 8E-7 - -
st Antimony-124 D, see '*sb 6E+2 9E+2 4E-7 1E-9 7E-6 TE-S
W, see '3 SE+2 2E+2 1E-7 3E-10 - -
51 Antimony-125 D, see '’Sb 2E+3 2E+3 1E-6 3E-9 3E-5 3E-4
W, see '*sb - SE+2 2E-7 7E-10 - - .
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides fo;rOccupationai iixposure
Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

-

Table ! Table Il Table I
Occupational Effluent Releases to
Values Concentrations Sewers
Col'1 Col 2 Col 3 Col 1 Col 2
Oral . Monthly
Ingestion Inhalation - “ Average
Atomic Radionuchde , Class ALI ALY DAC Air ‘Water __Concentration
No - (uC) (uCi) @CVml) =~ - (uCvml) "~ " (aCvml) ™ (uCvml)
51 Antimony-126m” D, see 'Sb SE+4’ 2E+S 8E-5 3E-7 - -
St wall
(7E+4) - - - 9E4 9E-3
W, see '5sb - 2E+5 8E-5 3E-7 - -
51 Antimony-126 D, see '"*sb 6E+2 1E+3 SE-7 2E-9 7E-6 7E-S
- W, see '''sb SE+2 SE+2 2E-7 7E-10 - -
s1 Antimony-127 D, see 1'sb 8E+2 2E+3° 9E-7 3E-9 - -
LLI wall
. (8E+2) - - - 1E-5 1E4
W, see '*sb TE+2 9E+2 4E-7 1E-9 - -
51 Antimony-128Y D, see '5Sb 8E+4 4E+5 2E-4 SE-7 - . - -
(10 4 min) St wall : . .
(1E+5) < - - 1E-3 1E-2
W, see '°Sb - ' 4E+5 2E4 6E-7 - -
51 Antimony-128 D, see '¥sb 1E+3 4E+3 2E-6 6E-9 2E-5 2E4
(901h) W, see '’sp - 3E+3 1E-6 5E-9 - -
51 Antimony-129 D, see '"’sb 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
W, see 'sp - 9E+3 4E-6 1E-8 - -
51 Antimony-130¥ D, see '*Sb 2E+4 6E+4 3E-5 9E-8 3E4 3E-3
W, see '°Sb - 8E+4 3E-5 1E-7 - -
51 Antimony-131¥ D, see '*Sb 1E+4 2E+4 1E-5 - - . - -
Thyroid Thyroid
(2E+4) (4E+4) - 6E-8 2E4 2E-3
W, see '*sb - 2E+4 1E-S 3 - -
Thyroid
- (4E+4) - 6E-8 - -
52 Tellunum-116 D, all compounds except .
those given for W 8E+3 2E+4 9E-6 3E-8 1E4 1E-3
W, oxides, hydroxides, ’ ,
and nitrates - 3E+4 1E-5 4E-8 - -
52 Tellurium-121m D, see '"*Te SE+2 2E+2 8E-8 - - -
- Bone surf Bone surf
(7FE+2) (4E+2) - SE-10 1E-5 - 1E-4 ¢
W, see V'°Te - 4E+2 2E-7 6E-10 - -
52 Tellurium-121 D, see ""*Te 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
W, see '16Te - i 3E+3 1E-6 4E-9 - -
52 Tellurium-123m D, see ""*Te - 6E+2 2E+2 9E-8 - - -
Bone surf Bone surf e .
(1E+3) (5E+2) - 8E-10 1E-5 1E-4
W, see "°Te - SE+2 2E-7 8E-10 - -
s2 Tellurium-123 D, see "Te SE+2 - 2E+2 8E-8 - . -
Bone surfl Bone surf .~
y (1E+3) -+ (SE+2) - 7E-10 2E-5 2E4
W, see '6Te - 4E+2 , 2E-7 - - s
3 - Bone surf
- (1E+3) - 2E-9 - -
52 Tellurium-125m D, see ''*Te 1E+3 4E+2 2E-7 -. . - -
Bone surl" Bone surf °
(1E+3) (1E+3) - 1E-9 2E5, 2E-4
W, see '"“Te - 7E+2 3E-7 1E-9 - -
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Annual Limits on Intakei (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
’ ’ Effluent Concentrations
‘ 'Concemrations_for Release to Sanitary Sewerage (Continued)

Table ] Table 11 Table 11
Occupational Effuent Releases to
Values Concentrations Sewers
Col. 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion —_Inhalaton __ Average
Atomic Radionuclide Class ALl ALl DAC Air . Water Concentration
No ) (uC (nCi) (uCvml) wCvmh) {(uCvVml) @Cimn
52 Tellurium-127m D, see ""*Te 6E+2 3E+2 1E-7 - 9E-6 9E-5
Bone surf
- (4E+2) - 6E-10 - -
W, see '"*Te - 3E+2 1E-7 4E-10 - -
52 Tellunum-127 D, see '"*Te TE+3 2E+4 9E-6 3E-8 1E4 1E-3
W, see '*Te - 2E+4 7E-6 2E-8 - .
52 Tellurium-129m D, see ''*Te SE+2 6E+2 3E-7 9E-10 7E-6 7E-$
W, see '"*Te - 2E+2 1E-7 3E-10 - -
52 Tellurum-129% D, see '**Te 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, see ''*Te - TE+4 3E-S 1E-7 - -
52 Tellurium-131m D, see ''*Te 3E+2 4E+2 2E-7 - - -
Thyroid Thyroid
(6E+2) (1E+3) - 2E-9 8E-6 8E-5
W, see V'°Te - 4E+2 2E-7 - - -
Thyroid
- (9E+2) - 1E-9 - -
52 Tellurium-131¥ D, see ''*Te 3E+3 SE+3 2E-6 - - -
Thyrod Thyroid
(6E+3) (1E+4) - 2E-8 8E-5 8E-4
W, see °Te - SE+3 2E-6 ' - - -
! Thyroxd
- (1E+4) - 2E-8 - -
52 Tellurium-132 D, see "'*Te 2E+2 2E+2 9E-8 - - -
Thyroxd Thyroid
(7E+2) (8E+2) - 1E-9 9E-6 9E-5
W, see '*Te - 2E+2 9E-8 - - -
Thyroid
- (6E+2) - 9E-10 - -
52 Tellunum-133m D, see ''*Te 3E+3 SE+3 2E-6 - - -
) Thyroid Thyroid
(6E+3) (1E+4) - 2E-8 9E-5 9E-4
W, see ""*Te - SE+3 2E-6 - - -
Thyrod
- (1E+4) - 2E-8 - -
52 Tellurium-133¥ D, see !'*Te 1E+4 2E+4 9E-6 - - -
I Thyrod Thyroid
(GE+4) (6E+4) - 8E-8 4E-4 4E-3
¢ W, see '15Te - 2E+4 9E-6 - - -
. . Thyroid
- - (6E+4) - BE-8 - -
52 Tellurium-134¥ D, see "'*Te 2E+4 2E+4 1E-5 - - -
o Thyrod Thyroid
(2E+4) (5E+4) - 7E-8 3E-4 3E-3
W, see '!°Te - 2E+4 1E-5 - - -
R Thyrold -
- (SE+4) - 7E-8 - -
53 Todine-120m D, all compounds 1E+4 2E+4 9E-6 3E-8 - -
Thyroid
(1E+4) - - - 2E-4 2E-3
53 Todine-120¥ D, all compounds 4E+3 9E+3 4E-6 - - -
Thyroid Thyroid
® . ) (8E+3) (1E+4) - 2E-8 1E-4 1E-3
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Annual Limits on Intake (ALI) and Denved Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table I Table I Table 111
Occupational . Effluent Releases to
. Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Onal Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class All *ALl DAC Arr Water Concentration
No, {(uCid {uCh Cyml) {uCi/ml) {uCr/mly LuCymb
53 - Jodine-121 - D, all compounds 1E+4 2E+4 8E-6 . - .
. Thyroid Thyroid
(3E+4) (SE+4) - 7E-8 4E-4 4E-3
53 Jodine-123 D, all compounds 3E+3 6E+3 3E-6 - - -
Thyroid Thyrod
(IE+4) (2E+4) - 2E-8 1E4 1E-3
53 Todine-124 D, all compounds 5E+1 8E+1 3E-8 - - -
Thyroid Thyroid
(2E+2) (3E+2) - 4E-10 2E-6 2E-S
53 Todine-125 D, all compounds 4E+1 6E+1 3E-8 - - -
Thyroid Thyroid
(1E+2) (2E+2) - 3E-10 2E-6 2E-5
53 Todine-126 D, all compounds 2E+1 4E+] 1E-8 - - -
Thyroid Thyroid
(7E+1) (1E+2) - 2E-10 1E-6 1E-5
53 Todine-128Y D, all compounds 4E+4 1E+5 SE-5 2E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
53 Todine-129 D, all compounds SE+0 9E+0 4E-9 - - -
Thyroid Thyroid
(2E+1) (3E+1) - 4E-11 2E-7 2E-6
53 lodine-130 D, all compounds 4E+2 7TE+2 3E-7 - - . -
Thyroid Thyrodd
(1E+3) (2E+3) - 3E-9 2E-5 2E4
53 Todine-131 D, all compounds 3E+) SEH1 2E-8 - - -
Thyroid Thyroid
(9E+1) (2E+2) ' - 2E-10 1E-6 1E-5
53 Todine-132m® D, all compounds 4E+3 8E+3 4E-6 - - -
Thyroid Thyroid
(1E+4) (2E+49) - 3E-8 1E4 1E3
53 ITodine-132 D, all compounds 4E+3 8E+3 3E-6 - - -
Thyroid Thyroid
(9E+3) (1E+4) - _2E-8 1E-4 1E-3
53 - Jodwe-133. D, all compounds 1E+2 3E+2 1E7 . - -
Thyroid Thyroid '
(5E+2) (9E+2) - 1E-9, 7E-6 7E-S
- s
53 Todime-134Y D, all compounds 2E+4 5E+4 2E-5 6E-8 - -
Thyroid
(3E+4) - - - 4E-4 4E-3
53 Todimne-135 D, all compounds 8E+2 2E+3 7E-? - s - -
- Thyrmd Thyroid .
(3E+3) (4E+3) - 6E-9 . 3E-5 3E4
54 Xenon-120Y Submersion® - - 1E-5 4E-8 - -
54 Xenon-121¥ Submersion* - - 2E-6 1E-8 - -
54 Xenon-122 Submersion¥ - - 7E-5 3E-7 - .-
54 Xenon-123 Submersion” - - 6E-6 3E-8 - -
54 Xenon-125 Submersion® - - 2E-5 7E-8 - -

345



Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure

Concentrations for Release to Sanitary Sewerage (Continued)

Effluent Concentrations

Table 1 Table 11 Table 111
* Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col. 3 Col 1 Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclide Class ALl ALl DAC . Ar Water Concentration
No (uCiy e (uCyml) (uCvml) (zCvml) (uCvml)
54 Xenon-127 Submersion* - - 1E-5 6E-8 - .
54 Xenon-129m Submersion® - - 2E4 9E-7 - -
54 Xenon-131m Submersion? - - 4E-4 2E-6 - .
54 Xenon-133m Submersion¥ - - 1E4 6E-7 - -
54 Xenon-133 Submersion* - - 1E-4 SE-7 - -
54 Xenon-135m¥ Submersion¥ - - 9E-6 4E-8 - -
54 Xenon-135 Submersion? - - 1E-5 7E-8 - .
54 Xenon-138Y Submersion? - - 4E-6 2E-8 - -
55 Ceswum-125¥ D, all compounds SE+4 1E+5 6E-5 2E-7 - -
St wall
(9E+4) - - - 1E-3 1E-2
55 Cesium-127 D, all compounds 6E+4 9E+4 4E-5 1E-7 9E-4 9E-3
55 Cesium-129 D, all compounds 2E+4 3E+4 1E-§ SE-8 3E-4 3E-3
55 Cesium-130Y D, all compounds 6E+4 2E+5 8E-S 3E-7 - -
Stwall
(1E+5) - - - 1E-3 1E-2
55 Cesium-131 D, all compounds 2E+4 3E+4 1E-S 4E-8 3E-4 3E-3
55 Cesium-132 D, all compounds 3E+3 4E+3 2E-6 6E-9 4E-5 4E-4
55 Cesium-134m D, all compounds 1E+5 1E+5 6E-5 2E-7 - -
Stwall
(1E+5) - - - 2E-3 2E-2
55 Cesium-134 D, all compounds 7E+1 1E+2 4E-8 2E-10 9E-7 9E-6
55 Cesum-135m¥ D, all compounds 1E+5 2E+5 8E-5 3E-7 1E-3 1E-2
55 Cesium-135 D, all compounds TE+2 - 1E+3 SE-7 2E-9 1E-5 1E-4
55 Cesium-136 D, ail compounds 4E+2 TE+2 3E-7 9E-10 6E-6 GE-5
55 Cesum-137 D, all compounds 1E+2 2E+2 6E-8 2E-10 1E-6 1E-5
55 Cesium- 138" D, all compounds 2E+4 6E+4 2E-§ SE-8 - -
St wall
(3E+4) - - - 4E-4 4E-3
56 Banum-126Y D, all compounds 6E+3 2E+4 6E-6 2E-8 8E-5 8E-4
56 Barium-128 D, all compounds 5E+2 2E+3 7E-7 2E-9 7E-6 7E-5
56 Barium-131m¥ D, all compounds 4E+5 1E+6 6E4 2E-6 - -
St wall
(SE+5) - - - 7E-3 7E-2
56 Barium-131 D, all compounds 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
56 Banum-133m D, all compounds 2E+3 9E+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E-4

346

e



Annual Limits on Intake (ALI) and Denived Arr Concentrations (DAC) of Radionuclides for Oécupéiiona] Exposlure
Effluent Concentrations ‘
Concentrations for Release to Sanitary Sewerage (Continued) . e e

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
B Ingestion Inhalation . Average
Atormc  Radionuchde Class ALl ALl DAC Air ___Water _ Concentration
No (pCi) (uCi) (eCymb) - (pCyvml) (zCymh (xCv/ml)
56 Barium-133 | - D, all compounds 2E+3 7TE+2 3E-7 9E-10 2E-5 2E4
56 Banum-135m D, all compounds 3E+3 1E+4 SE-6 _ 2E8 4E-5 4E-4
56 Barium-135¥ D, all compounds 1E+4 3E+4 1E-5 4E-8 2E-4 2E-3
56 Banum-140 D, all compounds SE+2 1E+3 6E-7 2E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
56 Barium-141¥ D, all compounds 2E+4 JE+4 3E-5 1E-7 3E4 3E-3
56 Banum-142Y D, all compounds SE+4 1E+5 6E-5 2E-7 7E-4 7E-3
57 Lanthanum-131¥ D, all compounds except :
those given for W SE+4 1E+$ SE-5 . 2E-7 6E-4 6E-3
W, oxides and hydroxides - 2E+5 7E-5 2E-7 - -
57 Lanthanum-132 D, sce P'La 3E+3 1E+4 4E-6 1E-8 4E-5 4E-4
W, see 'La - IE+4 5E-6 2E-8 - -
57 Lanthanum-135 D, see P'La 4E+4 1E+5 4E-5 1E7 SE-4 T sE3
W, see P'La - 9E+4 4E-S 1E-7 - -
57 Lanthanum-137 D, see "'La 1E+4 6E+1 3E8 - 2E-4 2E-3
Laver v
- (7E+1) - 1E-10 - -
W, see V'La - 3E+2 1E-7 - - -
Liver
- (3E+2) - 4E-10 - B
57 Lanthanum-138 D, see '¥'La 9E+2 4E+0 1E-9 5SE-12 1E-5 1E-4
W, see 12 - 1E+1 6E-9 2E-11 - -
57 Lanthanum-140 D, see ¥'La 6E+2 1E+3 GE-7 2E-9 9E-6 9E-§
W, see L2 - 1E43 SE-7 2E-9 - -
57 Lanthanum-141 D, see P'La 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4
W, see PlLa , - 1E+4 SE-6 2E-8 - -
57 Lanthanum-142¥ D, see '¥'La 8E+3 2E+4 9E-6 3E-8 1E4 1E-3
W, see "'La - 3E+4 1E-5 5E-8 - -
57 * Lanthenum-143¥ D, see ¥'La 4E+4 1E+5 4E-5 1E-7 - -
St wall R
(4E+8) - - - SE-4 SE-3
. W,seeLa - ' 9E+4 4E-5 1E-7 - -
58 Cenum-134 W, all compounds except
those given for Y SE+2 7TE+2 3E-7 1E-9 - -
LLI wall
(6E+2) - - - 8E-6 8E-S
Y, oxides, hydroxides, N
and fluorides - TE+2 3E-7 - 9E-10 - -
58 Cenum-135 W, see '*Ce 2E+3 4E+3 2E-6 SE-9 2E-5 2E4
Y, see *'Ce - 4E+3 1E-6 SE-9 - -
58 Cenum-137m W, see *Ce 2E+3 4E+3 2E-6 6E-9 - -
LL] wall
(2E+3) - . - 3E-5 . 3E4
Y, see '¥Ce - 4E+3 2E-6 SE-9 . - -

5 -
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Annual Limits on Inta‘kve (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
o Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

\\-J
Table1 Table 11 Table I11
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col. 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchide Class ALl ALl DAC Arr Water Concentration
No (uCh) (uCi) (uCvml) (1Cyml) (uCymi) - (uCvm)
58 Cerium-137 W, see !¥Ce 5E+4 1E+5 6E-5 2E-7 TE4 7E-3
Y, see ™MCe - 1E+5 SE-S 2E-7 - -
58 Cenum-139 W, see *Ce SE+3 8E+2 3E-7 1E-9 7E-5 7E-4
Y, see ''Ce - TE+2 3E-7 9E-10 - .
58 Cenum-141 W, see 'MCe 2E+3 TE+2 3E.7 1E-9 - -
LLY wall
(2E+3) - - - 3E-5 3E-4
Y, see "**Ce - 6E+2 2E-7 8E-10 - -
58 Cerium-143 W, see 1YCe 1E+3 2E+3 8E-7 3E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E4
Y, see '*Ce - 2E+3 7E-7 2E-9 - -
58 Cerium-144 W, see *Ce 2E+2 3E+1 1E-8 4E-11 - -
LLI wall
(3E+2) - - - 3E-6 3E-§
Y, see 'MCe - 1E+1 6E-9 2E-11 - -
59 Praseodymium-136% W, all compounds except
those given for Y SE+4 2E+5 1E-4 3E-7 - -
St wall
(TE+4) - - - 1E-3 1E-2
Y, oxides, hydroxides, s
carbides, and fluorides - 2E+5 9E-5 3E-7 - - N
59 Praseodymium-137¥ W, see '*pr 4E+4 2E+5 6E-5 2E-7 SE-4 SE-3
Y, see Mpr - 1E+5 6E-5 2E-7 - -
59 Praseodymium-138m W, see !¥%pr 1E+4 SE+4 2E-5 SE-8 1E4 1E-3
Y, see *pr - 4E+4 2E-5 6E-8 - -
59 Praseodymium-139 W, see *pr 4E+4 1E+5 5E-S 2E-7 6E-4 6E-3
Y, see "*°pr - 1E+5 SE-5 2E-7 - -
59 Praseodymium-142m¥ W, see "¢pr 8E+4 2E+5 7E-5 2E-7 1E-3 1E-2
Y, see pr - 1E+5 6E-5 2E-7 - -
59 Praseodymum-142 W, see opr 1E+3 2E+3 9E-7 3E-9 1E-5 1E4
Y, see ¢Pr - 2E+3 8E-7 3E-9 - -
59 Praseodyminm-143 W, see '°pr 9E+2 8E+2 3E-7 1E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
N Y, see ¢Pr - TE+2 3E-7 9E-10 - -
59 Praseodymium-144¥ W, see pr 3E+4 1E+5 SE-5 2E-7 - -
St wall
(4E+4) - - - 6E-4 6E-3
Y, see Ppr - 1E+5 SE-5 2E-7 - -
59 Praseodymium-145 W, see **Pr 3E+3 9E+3 4E-6 1E-8 4E-5 4E-4
Y, see *pr - 8E+3 3E-6 1E-8 - -
60 Neodymium-136¥ W, all compounds except
those given for Y 1E+4 6E+4 2E-5 8E-8 2E-4 2E-3
Y, oxides, hydroxides,
carbides, and fluondes - SE+4 2E-5 8E-8 - -
60 Neodyrmum-138 W, see *Ng 2E+3 6E+3 3E-6 9E-9 3E-5 3E-4
Y, see **Nd - SE+3 2E-6 7E-9 - -
N
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Annual Limuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuchdes for Occupatlonal Exposure
Effluent Concentrations . .-
_Concentrations for Release to Sanitary Sewerage (Contmued)

. \ Table 1 Table Table 111
Occupational Effluent Reléases to
Values Concentrations Sewers
Col 1 Col. 2 Col 3 Col 1 Col 2
Oral R Monthly
Ingestion Inhalation . Average
Atomic  Radionuchde Class ALl . ALl DAC .. Al “Water _ . Concentration
No. - (uCi) _ (G (uCvml) (nCyml) (CVmh) (Cvml)
59 Praseodymium-147¥ W, see 1*pr SE+4 2E+5 8E-5 3E-7 - -
St wall
(8E+4) - . - T e 1E-3 ~ ' 1E-2
Y, see "pr - 2E+5 8E-5 3E-7 - -
60 Neodymium-139m W, see Nd SE+3 2E+4 7E-6 2E-8 7E-5 ’ 7E-4
Y, see PNd - 1E+4 6E-6 2E-8 - -
60 Neodymuum-139¥ W, see *Nd OE+4 3E+S . 1E4 SE-7 1E-3 1E-2
Y, see P*Nd - 3E+5 1E-4 4E-7 - -
60 Neodymum-141 W, see 1*Nd 2E+5 TE+5 3E4 1E-6 - 2E-3 ¢ 2E-2
Y, see "*Nd - 6E+5 3E-4 9E-7 - -
60 Neodymium-147 W, see "*Nd 1E+3 9E+2 4E-7 1E-9 - -
LLI wall .
(1E+3) - . - - 2E-5 2E-4
Y, see Nd - 8E+2 4E-7 1E-9 - -
60 Neodymum-149% W, see *Nd 1E+4 . 3E+4 1E-5 4E-8 1E-4 1E-3
Y, see ’°Nd - 2E+4 1E-5 3E-8 - -
60 Neodymium-151% W, see PNd TE+4 2E+5 8E-5 3E-7 9E4 9E-3
Y, see 1*Nd - 2E+5 8E-5 - 3E-7 - -
61 Promethium-141Y W, all compounds except
N those given for Y SE+4 2E+5 8E-5 3E-7 - -
Stwall
(6E+4) - - - 8E-4 8E-3
Y, oxides, hydroxides,
carbides, and fluondes - 2E+5 7E-5 2E-7 - i , -
61 Promethium-143 W, see “'Pm SE+3 6E+2 2E-7 8E-10 TE-S 7E-4
Y, see “'Pm - TE+2 3E-7 1E-9 - -
61 Promethium-144 W, see *'Pm . 1E+3 1E+2 SE-8 2E-10 2E-5 2E4
Y, see "'Pm - 1E+2 SE-8 2E-10 - -
61 Promethium-145 W, see “'Pm 1E+4 2E+2 7E-8 - 1E4 _1E3
Bone surf -
- (2E+2) - 3E-10 - i -
Y, see "'Pm - 2E+2 8E-8 3E-10 - i -
61 ~ Promtthum-146 W, sec "'Pm 2E+3 SE+1 2E-8 7E-11 2E-5 2E-4
Y, see M'Pm - 4E+1 2E-8 6E-11 - -
61°  Promethium-147 _ W, see'Pm 4E+3 1E+2 SE-8 - - -
" LLIwall | Bone surf -
(SE+3) (2E+2) - 3E-10 7E-S ¢ - 7E-4
Y, see *'Pm - 1E+2 6E-8 2E-10 - ] -
61 Promethium-148m W, see "'Pm 7E+2 3E+2 1E-7 4E-10 1E-5 1E-4
Y, see "'Pm - 3E+2 1E-7 SE-10 - -
-~ '
, .
61 Promethium-148 W, see “'Pm 4E+2 SE+2 2E-7 3E-10 - -
, R LLI wall Lo
) (5E+2) - - - 7E-6 7E-5
Y, see "'Pm - SE+2 2E-7 7E-10 - T .
61 Promethium-149 W, see “'Pm ., 1E+¥3 - - 2E+#3 8E-7 3E9 - - -
' i LLI wall
. (1E+3) - - - 2E-5 2E4
Y, see **'Pm - 2E+3 8E-7 2E-9 - -
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Annual Limits on Intake (AL1) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
: Effluent Concentrations '
Concentrations for Release to Sanitary Sewerage (Continued)

13 N

Table ] Table I Table Il
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col. 3 Col. 1 Col.2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Air Water Concentration
No (uCi) (uCi) (uCyml) (uCVml) (uCimh (uCymi)
61 Promethium-150 W, sec *'Pm SE+3 2E+4 8E-6 3E-8 7E-5 TE-4
Y, see ''Pm - 2E+4 7E-6 2E-8 - -
61 Promethrum-151 W, see ''Pm 2E+3 4E+3 1E-6 SE-9 2E-5 2E-4
Y, sec *'Pm - 3E+3 1E-6 4E-9 - -
62 Samarium-141m¥ W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
62 Samarium-141% W, all compounds SE+4 2E+5 8E-S 2E-7 - -
Stwall
(6E+4) - - T- 8E4 8E-3
62 Samanum-142¥ W, all compounds 8E+3 3E+4 1E-5 4E-8 1E-4 1E-3
62 Samanum-145 W, all compounds 6E+3 SE+2 2E-7 7E-10 8E-5 8E-4
62 Samarium-146 W, all compounds 1E+1 4E-2 1E-11 - - -
Bone surf Bone surf
(3E+1) (6E-2) - 9E-14 3E-7 3E-6
62 Samanum-147 W, all compounds 2E+1 4E-2 2E-11 - - -
Bone suf Bone surf
(3E+H1) (7E-2) - 1E-13 4E-7 4E-6
62 Samanum-151 W, all compounds 1E+4 1E+2 4E-8 - - -
LLI wall Bone surf
(1E+4) (2E+2) - 2E-10 2E-4 2E-3
62 Samanum-153 W, all compounds 2E+3 3E+3 1E-6 4E-9 - -
LLI wall
(2E+3) . - - 3E-5 3E-4
62 Samarium-155¥ W, all compounds 6E+4 2E+S 9E-5 3E-7 - -
St wall
(8E+4) - - - 1E-3 1E-2
62 Samanum-156 W, all compounds SE+3 9E+3 4E-6 1E-8 7E-5 7E-4
63 Ewropium-145 W, all compounds 2E+3 2E+3 8E-7 3E-9 2E-5 2E4
63 Europium-146 W, all compounds 1E+3 1E+3 SE-7 2E-9 1E-5 1E-4
63 Europium-147 W, all compounds 3E+3 2E+3 7E-7 2E-9 4E-5 4E-4
a2 .-
63 Europium-148 W, all compounds 1E+3 4E+2 1E-7 SE-10 1E-5 1E-4
63 Europium-149 W, all compounds 1E+4 3E+3 1E-6 4E-9 2E-4 2E-3
63 Europium-150 W, all compounds 3E+3 SE+3 4E-6 1E-8 4E-5 4E-4
(1262 h)
63 Europium-150 W, all compounds 8E+2 2E+1 8E-9 3E-11 1E-5 1E-4
y (342y) .
63 Europiun+152m W, all compounds 3E+3 6E+3 3E6 T 9E-9 4E-5 4E4
63 Europium-152 W, all compounds 8E+2 2E+1 1E-8 3E-11 1E-5 1E4
63 Europium-154 ‘W, all compounds SE+2 2E+1 8E-9 3E-11 7E-6 7E-5
63 Europium-155 W, all compounds 4E+3 9E+1 4E-8 - SE-5 SE-4
Bone surf
- (1E+2) - 2E-10 - -
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Annual Linuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclhides for Occupational Exposure

Effluent Concentrations | ,
Concentrations for Release to Sanitary Sewerage (Continued)

Table ] Table I Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl- DAC Air_ Water ., Concentration
No. . . Ci) (1Ci) (nCi/mf) (#Cvml) (»Ci/ml) (uCyml)
63 “Ewroprum-156 W, all compounds 6E+2 SE+2 2E-7 6E-10 8E-6 8E-5
v T
63 Europrum-157 W, all compounds 2E+3 SE+3 2E-6 7E-9 3E-5 3E-4
63 - Europium-158Y W, all compounds 2E+4 6E+4 2E-5 B8E-8 3E-4 3E-3
64 Gadolnium-145Y D, all compounds except e
those given for W SE+4 2E+5 6E-5 2E-7 - -
! St wall .
(SE+4) - - - 6E-4 6E-3
, W, oxides, hydroxides,
and fluorides - 2E+5 7E-5 2E-7 - -
P .
64 Gadohnium-146 D, see "¥Gd 1E+3 1E+2 SE-8 2E-10 2E-5 | 2E4
W, see "°Gd - 3E+2 1E-7 4E-10 N -
64 Gadolinium-147 D, see "Gd 2E+3 4E+3 2E-6 6E-9 3E-S 3E4
W, see 'Gd - 4E+3 1E-6 5E-9 - -
64 Gadolinium-148 D, see '*Gd 1E+1 8E+3 3E-12 - - -
Bone surf Bone surf
(2E+1) (2E-2) - 2E-14 3E-7 3E-6
W, see '¥Gd - 3E-2 1E-11 - - -
Bone surf B B
- (6E-2) * - 8E-14 - -
64 Gadolinium-149 D, see 'Ga 3E+3 2E+3 9E-7 3E-9 4E-5 4E-4
W, see '°Gd - 2E+3 1E6 * 3E-9 - -
64 Gadolinum-151 D, see '*Gd 6E+3 4E+2 2E-7 - 9E-5 9E4
' Bone surf
- (6E+2) - 9E-10 - ; -
. W, see 1°Gd - 1E+3 7' SE-7 2E'9 - -
4
64 Gadohnium-152 , D, see '“Gd 2E+1 1E2 ~ 4E-12 - - -
Bone surf Bone surf - -
. - (3E+1) (2E-2) - 3E-14 4E-7 4E-6
W, see ''Gd - 4E-2 2E-11 - - -
- Bone surf
- A (8E-2) - 1E-13 - - - -
64 Gadolmium-153 D, see "°Ga SE+3 1E+2 6E-8 - 6E-5 6E-4
N Bone surf
- (2E+2) - 3E-10 - . -
e L W, see "'Gd - 6E+2 2E-7 8E-10 - -
64  Gadolnium-159 D, see "G 3E+3° % §E+3 3E-6 1E8 ° 45 4E4
W, see "°Gd - 6E+3 2E-6 8E-9 - -
65 Terbium-147¥ W, all compounds 9E+3 3E+4 1E-§ SE-8 . 1E4 o 1E-3
65 Terbium-149 W, all compounds SE+3 TE+2 3E-7 1E-9 7E-5 . + TE4 .
65 Terbium-150 W, all compounds SE+3 2E+4_ - 9E-6 3E-8 7E-5 TE4
. B
-
65 Terbum-151 W, all compounds 4E+3 9E+3 4E-6 1E-8 | 5E-5 - SE-4
65 Terbium-153 W, all compounds SE+3 TE+3 3E-6 1E-8 7E-S ~ TE4
65 Terbium-154 W, all compounds 2E+3 4E+3 2E-6 6E-9 2E-5 - 2E4
65  Terbium-155 W, all compounds 6E+3 - 8E+3 3E-6 1E-8 8E-5 ;. 8E4
65 Terbium-156m ‘W, all compounds 2E+4 3E+4 1E-5 4E-8 2E4 2E-3
(5.0h) o
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Annual Limits on Intake (ALI) and Derived Arr Concentrations (DAC) of Radionuclides for Occupational Exposure

Concentrations for Release to Sanitary Sewerage (Continued)

Effluent Concentrations

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col 3 Col 1 Col. 2
Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Arr Water Concentration
No ! (uCi) {(uCi) (2Cvml) (uCvml) (uCvml) (uCvml)
65 Terbum-156m W, all compounds TE+3 8E+3 3E-6 1E-8 1E-4 1E-3
(244h)
65 Terbium-156 W, all compounds 1E+3 1E+3 6E-7 2E-9 1E-5 1E-4
65 Terbium-157 W, all compounds SE+4 3E+2 1E-7 - - -
LLI wall Bone surf’
(5E+4) (6E+2) - 8E-10 7E-4 7E-3
65 Terbium-158 W, all compounds 1E+3 2E+] 8E-9 3E-11 2E-5 2E-4
65 Terbium-160 W, all compounds 8E+2 2E+2 9E-8 3E-10 1E-5 1E-4
65 Terbium-161 W, all compounds 2E+3 2E+3 7E-7 2E-9 - -
LLI wall
(2E+3) - - - 3E-5 3E4
66 Dysprosium-155 W, all compounds 9E+3 3E+4 1E-5 4E-8 1E-4 1E-3
66 Dysprosium-157 W, all compounds 2E+4 6E+4 3E-5 9E-8 3E4 3E-3
66 Dysprosium-159 W, all compounds 1E+4 2E+3 1E-6 3E-9 2E-4 2E-3
66 Dysprosium-165 W, all compounds 1E+4 SE+4 2E-5 6E-8 2E4 2E-3
66 Dysprosium-166 W, all compounds G6E+2 TE+2 3E-7 1E-9 - -
LLI walt
(8E+2) - - - 1E-5 1E4
67 Holmum-155%¥ W, all compounds 4E+4 2E+5 6E-5 2E-7 6E-4 6E-3
67 Holmum-157¥ W, alPcompounds 3E+5 1E+6 6E-4 2E-6 4E-3 4E-2
67 Holmum-159¥ W, all compounds 2E+5 1E+6 4E-4 1E-6 3E3 3E2
67 Holmium-161 W, all compounds 1E+S 4E+S 2E-4 6E-7 1E-3 1E-2
67 Holmum-162m" W, all compounds SE+4 3E+5 1E-4 4E-7 7E-4 7E-3
67 Holmum-162¥ W, all c(;mpom)ds SE+5 2E+6 1E-3 3E-6 - -
St wall
(BE+5) - - - 1E-2 1E-1
67 Holnbum-164m? W, all compounds 1E+S 3E+5 1E-4 4E-7 1E-3 1E-2
67 Holmium-164Y¥ W, all compounds 2E+5 6E+5 3E-4 9E-7 - -
B St wall -
(2E+5) . . - 3E-3 3E2
67 Holmum-166m W, all compounds 6E+2 TE+0 3E9 9E-12 9E-6 9E-$
67 Holmium-166 W, all compounds 9E+2 2E+3 7E-7 2E-9 - -
LLY wall
(9E+2) - - - 1E-5 1E-4
67 Holmum-167 W, all compounds 2E+4 6E+4 2E-5 8E-8 2E-4 2E-3
68 Erbium-161 W, all compounds 2E+4 6E+4 3E-S 9E-8 2E-4 2E-3
68 Erbium-165 W, all ét')mpounds 6E+4 2E+5 8E-5 3E-7 9E-4 9E-3
68 Erbium-169 W, all compounds 3E+3 3E+3 1E-6 4E-9 - -
LLI wall
(4E+3) - - - 5E-5 SE-4

352



Annual Limits on Intake (ALI) and Denived Air Concentrations (DAC) of Radionuclides for Occupatlona] Exposure
Effluent Concentrations

Concentrations for Release to Sanitary Seweraée (Continued)

[,

Tablel Table 11 Table 111
N Occupational Effluent Releases to
Values Concentrations . Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
. Ingestion Inhalation - Average
. Atomic Radionuchde Class ALl ALI DAC Ar Water _ Concentration
. No (uCi) - - (uCi) -~ ~ - (aCvml) " (uCyml) (Cvml) (uC/ml)
.68 Erbum-171 W, all compounds 4E+3 1E+4 4E-6 1E-8 5E-5 5SE-4
68 Erbium-172 W, all compounds 1E+3 1E+3 6E-7 2E-9 - -
. : LLI wall ..
(1E+3) - - - 2E-5 2E4
69, Thulum-162Y * W, all compounds TE+4 3E+5 1E-4 4E-7 - -
! St wall
(7E+4) - - - 1E-3' - ‘ 1E-2
69 Thuhum-166 W, all compounds ; 4E+3 1E+4 6E-6 2E-8 6E-5 6E4
69 Thulium-167 W, all compounds 2E+3 2E+3 8E-7 3E-9 - -
LL] wall \
(2E+3) . - - 3E-5 3E4
69 Thulium-170 - W, all compounds 8E+2 2E+2 9E-8 3E-10 - -
LLI wall
(1E+3) - - - 1E-5 . 1E-4
6 Thuhum171 W, all compounds 1E+4 3E+2 1E-7 - - .
K LLI wall Bone surf
(1E+4) (6E+2) - 8E-10 2E4 2E-3
69 Thulum-172 W, all compounds 7E+2 1E43 SE-7 2E-9 - -
LL] wall
(8E+2) - - - 1E-5 1E4
69 Thuhum-173 W, all compounds 4E+3 1E+4 5E-6 2E-8 6E-5 " » 6E-4
69 Thulium-175Y W, all compounds TE+4 3E+5 1E4 4E.7 . -
7 St wall . .
. (SE+4) - - - 1E-3 1E-2
70 Ytterbium-162Y W, all compounds except
those given for Y TE+4 3E+5 1E4 4E-7 1E-3 1E-2
Y, oxides, hydroxides, . .
and fluondes - 3E+5 1E-4 4E-7 - -
70 Ytterbium-166 W, see '2yp 1E+3 2E+3 8E-7 "3E-9 2E.5 2E-4
Y, see 2y - 2E+3 8E-7 3E-9 - -
. ~ [} .,
70 Ytterbium-167 W, see "2vp 3E+5° 8E+S 3E4 1E-6 4E-3 4E-2
T Y, see 'Y - 7E+5 3E4 1E-6 - -
70 Ytterbium-169 W, see 'yb 2E+3 - 8E+2 4E-7 1E-9 2E-5 2E-4
. Y.see'PYb - TE+2 3E7 . _1E9 - . -
70 Yterbium-175 W, see '©Yb 3E+3 4E+3 - 1E6 SE-9 - -
LLI wall
- (3E+3) - - - 4E-5 4E4
Y, see 'Yb - 3E+3, 1E-6 5E-9 - . -
70 Yiterbium-177% W, see '*Yb 2E+4 SE+4 2E-5 ~ 7E-8 2E-4 2E-3
Y, see *2Yb . - SE+4 2E-5 6E-8 - -
70 Ytterbium-178Y W, see '*Yb 1E+4 - 4E+4 2E-§ 6E-8 2E4 2E-3
Y, see '2Yb - 4E+4 2E-§ 5E-8 - -
71 Lutetrum-169 W, all compounds except . '
those given for Y - 3E+3 ‘ 4E+3 2E-6 6E-9 3E-5 3E4
Y, oxides, hydroxides,
and fluorides - 4E+3 2E-6 6E-9 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
' . . Effluent Concentrations
Concentrations for Release to Samtary Sewerage (Continued)

Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col2 ~ Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Air Water Concentration
No. (uCs) (uCi) (uCyml) (uCv/ml) (»Cvml) - (uCvml)
7n Lutetium-170 W, see '®Lu 1E+3 2E+3 9E-7 3E-9 2E-§ 2E-4
Y, see 'Lu - 2E+3 8E-7 3E-9 - .
7 Lutetium-171 W, see '®La 2E+3 2E+3 8E-7 3E-9 3E-5 3E-4
Y, see "Lu - 2E+3 8E-7 3E-9 - -
7 Lutetum-172 W, see '“Lu 1E+3 1E+3 SE-7 2E-9. 1E-5 1E-4
Y, see **Lu - 1E+3 SE-7 2E-9 - -
7n Lutetrum-173 W, see **Lu SE+3 3E+2 1E-7 - 7E-5 7E-4
Bone surf ) ' .
- (5E+2) - 6E-10 - -
Y, see '*Lu - 3E+2 1E-7 . 4E-10 - -
il Lutetium-174m W, see "Lu 2E+3 2E+2 1E-7 - - -
LLI wall Bone surf
) (GE+3) (BE+2) - SE-10 4E-5 4E-4
Y, see 'Lu - 2E+2 9E-8 3E-10 - -
71 Lutetium-176 W, see Lu TE+2 SE+0 2E-9 - 1E-5 1E-4
Bone surf
- (1E+1). - 2E-11 - -
Y, see **Lu - 8E+0 3E-9 1E-1 - -
k4! Lutetium-177m W, see "Lu TE+2 1E+2 SE-8 - 1E-5 : 1E-4
Bone surf
- (1E+2) - 2E-10 - -
Y, see '“Lu - 8E+1 3E-8 1E-10 - -
71 Lutetium-177 W, see '"“Lu 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
! (3E+3) - - - 4E-5 4E-4
Y, see '®Lu - 2E+3 9E-7 3E-9 - -
n Lutetium-178mY W, see '“Lu SE+4 2E+5 B8E-5 3E-7 - -
St wall
: ' (6E+3) - - - 8E-4 8E-3
Y, see "Ly - 2E+S 7E-5 2E-7 - -
71 Lutetium-178¥ W, see '“Lu 4E+4 1E+5 SE-5 2E-7 - -
St wall
(4E+4) . - - 6E-4 6E-3
Y, see "Ly - 1E+5 5E-5 2E-7 - -
7 Lutetium-179 W, se¢ "®La 6E+3 2E+4 8E-6 3E-8 9E-5 9E-4
Y, see 'Lu - 2E+4 6E-6 3E-8 - -
- ]
72 Hafmum-170 D, all compounds except
those given for W 3E+3 6E+3 2E-6 8E-9 4E-5 4E4
W, oxides, hydroxides, ,
carbides, and mitrates - SE+3 2E-6 6E-9 - -
72 Hafnium-172 D, see "™Hf 1E+3 9E+0 4E-9 - 2E-5 2E-4
. Bone surf .
' - (E+1) - 3E-11 - -
W, see "°Hf - 4E+1 2E-8 - - -
Bone surf '
- (6E+1) - 3E-11 - -
72 Hafum-173 D, see ""Hf SE+3 1E+4 SE-6 2E-8 7E-5 TE-4
W, see "°Hf -, 1E+4 SE-6 2E-8 - -
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Annual Limits on Intake (ALI) and Derived Arr Concentrations (DAC) of Radionuchdes for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table1 Table I Table ]
' Occupational Effluent Releases to
, " Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Cot 2
Oral . Monthly
Ingestion ' Inhalation Average
Atomic Radionuclide Class ALl ALl DAC Arr Water Concentration
No (uCi) (1Ci) WCvmh - - (uCvm)) wCvmh _ -- “(uCv/ml)
72 Hafnium-175 . D, see '"™Hf 3E+3 9E+2 4E-7 - 4E-5 4E4
Bone surf
- (1E+3) - 1E9 - . -
W, see "°Hf - 1E+3 SE-7 2E-9 - -
” Hafnium-177m® D, see '°Hf 2E+4 6E+4 2E-5 8E-8 3E4 3E-3
W, see '°Hf - 9E+4 4E-5 1E-7 - -
72 Hafnium-178m D, see "°Hf 3E+2 1E+0 SE-10 - 3E-6 . 3E-5
- Bone surf
- (2E+0) - 3E-12 - -
W, see "Hf - SE+0 2E-9 - - -
Bone surf
- (9E+0) - 1E-11 - -
72 Hafnium-179m D, see *Hf 1E+3 3E+2 1E-7 - 1E-5 1E4
Bone surf
- (6E+2) - 8E-10 - .
W, see '"Hf - 6E+2 3E-7 8E-10 - -
2 Hafnium-180m D, see 'Hf TE+3 2E+4 9E-6 3E-8 1E-4 1E-3
W, see "°Hf - 3E+4 1E-5 4E-8 - 7 -
72 Hafnum-181 D, see 'Hf 1E+3 2E+2 7E-8 - 2E-5 2E-4
[ Bone surf
- (4E+2) - 6E-10 - - -
W, see 'Hf - 4E+2 2E-7 6E-10 - -
72 Hafnium-182m® D, see '™Hf 4E+4 9E+4 4E-5 1E-7 SE-4 SE-3
W, see "°Hf - ; 1E+5 6E-5 2E-7 - -
72 Hafmum-182 D, see "™Hf 2E+2 8E-1 3E-10 r - -
: Bone surf Bone surf
(4E+2) (2E+0) - 2E-12 SE-6 _ 5E-S
W, see '™Hf - 3E+0 1E-9 - - -
Bone surf
- (7E+0) - 1E-11 - -
72 ' Hafoium-183Y D, see 'Hf 2E+4 5E+4 2E-5 6E-8 3E-4 3E-3
W, see "™Hf - 6E+4 2E-5 8E-8 - . -
72 Hafnium-184 D, see '"°Hf 2E+3 BE+3 3E-6 1E-8 3E-5 3E-4
W, see "°Hf - 6E+3 3E-6 9E-9 - -
73 Tantalum172¥ W, all compounds except . . . .
those given for Y 4E+4 1E+5 5E-5 - 2E-7 5E4 5E-3
R Y, elemental Ta, oxides, N
hydroxides, halides; ' o
carbides, nitrates, .
and nitndes" - 1E+5 * 4E-5 1E-7 - -
7 Lutetium-174 W, see "Lu SE+3 1E+2 SE-8 - ’ TE-S TE4
Bone surf' .
- (2E+2) - - 3E-10 - -
Y, sec 'Ly - 2E+2 6E-8 2E-10 - -
71 Lutetium-176m W, see '®Lu 8E+3 3E+4 ' 1E-5 3E-8 1E-4 1E-3
Y, see "“Lu - 2E+4 ¢ . 9E-6 3E-8 - -
73 Tantalum-173 . W, see °Ta TE+3 ¥ 2E+4 8E-6 3E-8 9E-5 9E-4
Y, sce "Ta .. ‘ 2E+4 7E-6 2E8 - . -
73 Tantalum-174¥ W, see "Ta 3E+4 1E+5 4E-5 1E-7 4E4 4E-3
Y, see '"Ta - 9E+4 4E-5 1E-7 - -
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Annual Limits on Intake (ALI) and Denived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table I Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col. 2 Col 3 Col. 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuclhide Class ALl All DAC Air Water Concentration
No. (uCy) (1C1) (xCvml) (uCi/ml) (uCiml) (xCvml)
73 Tantalum-175 W, see '’Ta 6E+3 2E+4 7E-6 2E-8 8E-5 8E-4
Y, see '’Ta - 1E+4 6E-6 2E-8 - -
73 Tantalum-176 W, see 'Ta 4E+3 1E+4 SE-6 2E-8 5E-5 SE-4
Y, see "Ta - 1E+4 SE-6 2E-8 - -
73 Tantalum-177 W, see "*Ta 1E+4 2E+4 8E-6 3E-8 2E4 2E-3
Y, see '"Ta - 2E+4 7E-6 2E-8 - -
73 Tantalum-178 W, see 'Ta 2E+4 9E+4 4E-5 1E-7 2E-4 2E-3
Y, see ™Ta - TE+4 3E-5 1E-7 - -
73 Tantalum-179 W, see '’Ta 2E+4 SE+3 2E-6 8E-9 3E-4 3E-3
Y, see '"Ta - 9E+2 4E-7 1E-9 - -
73 Tantalum-180m W, see "’Ta 2E+4 TE+4 3E-S 9E-8 3E4 3E-3
Y, see '°Ta - 6E+4 2E-5 8E-8 - -
7 Tantalum-180 W, see '’Ta 1E+3 4E+2 2E-7 6E-10 2E-5 2E-4
Y, see *Ta - 2E+1 1E-8 3E-11 - -
73 Tantalum-182mY W, see 1°Ta 2E+5 SE+5 2E-4 8E-7 - -
St wall
(2E+5) - - - 3E-3 3E-2
Y, see "*Ta - 4E+5 2E-4 6E-7 - -
7 Tantalum-182 W, see '’Ta 8E+2 3E+2 1E-7 SE-10 1E-5 1E4
Y, see '*Ta - 1E+2 6E-8 2E-10 - -
73 Tantalum-183 W, see '’Ta 9E+2 1E+3 SE-7 2E-9 - -
LLI wall
(1E+3) - - - 2E-5 2E-4
Y, see 'Ta - 1E+3 4E-7 1E-9 - -
7 Tantalum-184 W, see '’Ta 2E+3 SE+3 2E-6 8E-9 3E-5 3E4
Y, see '*Ta - SE+3 2E-6 7E-9 - -
73 Tantalum-185% W, see '’Ta 3E+4 TE+4 3E-5 1E-7 4E-4 4E-3
Y, see "Ta - 6E+4 3E-5 9E-8 - -
73 Tantalum-186¥ W, see '2Ta SE+4 2E+5 1E-4 3E-7 - -
St wall
(7E+4) - - - 1E-3 1E-2
tet s Y, see "Ta - 2E+5 9E-5 3E-7 - -
74 Tungsten-176 D, all compounds 1E+4 SE+4 2E-5 7E-8 1E-4 1E-3
74 Tungsten-177 D, all compounds 2E+4 9E+4 4E-5 1E-7 3E4 3E-3
74 Tungsten-178 D, all compounds SE+3 2E+4 8E-6 3E-8 TE-5 TE4
74 Tungsten-179% D, all compounds SE+5 2E+6 7E-4 2E-6 7E-3 " 7E2
74 Tungsten-181 D, all compounds 2E+4 3E+4 1E-5 5E-8 2E-4 2E-3
74 Tungsten-185 D, all compounds 2E+3 7E+3 3E-6 9E-9 - -
i LLI wall
TR (3E+3) - - - 4E-5 4E-4
74 Tungsten-187 D, all compounds 2E+3 9E+3 4E-6 1E-8 3E-5 3E-4
74 Tungsten-188 D, all compounds 4E+2 1E+3 SE-7 2E-9 - -
: LLI wall
(SE+2) - - - 7E-6 7E-5
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Annual Limuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuchdes for Occupational Ex})osure
Effluent Concentrations
Concentrations for Release to_§qﬁit§ry Sewerage (Continvied) — -

Table 1 Table 11 Table 111
. Occupationa!l Effluent Releases to
- N N Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
‘ Oral Monthly
Ingestion Inhalation Average
, Atomic Radionuchde ** Class ALl ALl DAC Arr Water R Concentration
No ; . - c (uCi) (uCy_- (uCvml) (rCyml) (uCv/ml) (¢Ci/ml)
75 Rhenium-177¥ D, all compounds except
those given for W 9E+4 3E+5 1E-4 4E-7 - -
St wall
(1E+5) - - - . 2E-3 2E2
- W, oxides, hydroxides,
and mtrates - 4E+5 1E-4 SE-7 - -
75 Rhemum-178¥ D, see '"Re TE+4 3E+5 1E-4 4E-7 - -
. St wall ”
(1E+5) - - N 1E-3 1E-2
W, see "Re - 3E+5 1E-4 4E-7 - -
75 Rhenum-181 D, see'”’Re SE+3 9E+3 4E-6 1E-8 7E-5 7E-4
W, see ""Re - 9E+3 4E-6 1E-8 - -
75 Rhemum-182 D, see '"Re 7E+3 1E+4 SE-6 2E-8 9E-S 9E-4
(12.7h) W, see "'Re - 2E+4 6E-6 2E-8 - -
75 Rhenium-182 D, see ''Re 1E+3 2E43 1E-6 3ES 2E-5 2E4
(640h) W, see "Re - 2E+3 9E-7 3E-9 - -
75 Rhenium-184m D, sec "'Re 2E+3 3E+3 1E-6 A4E-9 3E-5 3E-4
W, see ["Re - 4E+2 2E-7 6E-10 - -
75 Rhenium-184 D, see '"Re 2E+3 4E+3 1E-6 SE-9 3E-5 3E4
W, see "Re - 1E+3 6E-7 2E-9 - -
75 Rbenium-186m D, see ""Re 1E+3 - 2E+3 7E-7 - - -
Stwall ~ St wall
(2E+3) (2E+3) - . 3E-9 2E-5 2E-4
W, see '""Re - 2E+2 6E-8, " 2E-10 - -
75 Rhenum-186 D, see Re 2E+3 3E+3 1E-6 4E-9 3E-5 3E4
W, see ""Re - 2E+3 TE-7 2E-9 - -
s Rhenium-187 D, see '"Re 6E+5  BE+S 4E-4 <. 8E-3 8E-2
St wall
- (9E+5) - 1E-6 - e -
W, see "Re - 1E+5 4E-5 1E-7 - -
75 Rhenium-188m*’ D, sec '"Re . BE+4 *7 1E+5 6E-5 2E-7 1E-3 1E2
W, see '"Re - ) 1E+5 6E-5 2E-7 - N -
75 Rbenium-188 D, see ""'Re - 2E+3 3E+3 1E-6 4E-9 2E-5 2E-4
’ W, see '"'Re - 3E+3 1E-6 4E-9 - -
75 Rhenmum-189 D, see '"Re 3E+3 SE+3 2E-6 7E9 4E-5 4E-4
© T W,see"Re . - 4E+3 2E-6 6E-9 - -
76 Osmium-180% D, all compounds except
those given for Wand Y ° 1E+5 ~ 4E+5 ' 2E4 SE-7, 1E-3 1E-2
W, hahdes and nitrates - 5SE+5 2E4 TE-7 - -
Y, oxides and hydroxides - 5E+5 2E-4 6E-7 - -
- Toem s +°
76 Osmium-181% D, see "0s 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see '¥0s - SE+4 2E-5 6E-8 - -
Y, see *¥0s - AE+4 2E-5 6E-8 - -
76 Ostum-182 D, see '®0s 2E+43  ° 6E43 2E-6 8E-9 3E-5 3E-4
W, see '*°0s - 4E+3 * 2E6 6E-9 - -
Y, see "™0s - 4E+3 2E-6 6E-9 - -
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Annual Limits on Intake (ALI) and Denved Air Concentrations (DAC) of Radionuclides for Occupational Exposure
v Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (/ Continued)

Table1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion —Inhalation Average
Atomic Radionuclide Class ' ALl ALl DAC Air Water Concentration
No (uCi) (uCi (uCymi) (uCvmb (uCvml) (uCvml)
76 Osmuum-185 D, see "*°0s 2E+3 5E+2 2E-7 7E-10 3E-5 3E-4
W, see *°0s - 8E+2 3E-7 1E-9 - -
Y, see '*%0s - 8E+2 3E-7 1E-9 - -
76 Osmium-189m D, see '*0s 8E+4 2E+5 1E-4 3E-7 1E-3 1E-2
W, see '¥0s - 2E+5 9E-5 3E-7 - -
Y, see '¥°0s - 2E+5 7E-5 2E-7 - -
76 Osmum-191m D, see "0s 1E+4 3E+4 1E-5 4E-8 2E4 2E-3
W, see "™0Os - 2E+4 8E-6 3E-8 - -
Y, see '*0s - 2E+4 7E-6 2E-8 - -
76 Osmium-191 D, see '®0s 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
' (3E+3) - - - 3E5 3E4
W, see "0s - 2E+3 7E-7 2E-9 - -
Y, see "0s ) - 1E+3 6E-7 2E-9 - -
76 Osmium-193 D, see '*°0s 2E+3 SE+3 2E-6 6E-9 - -
LLIwall
(E+3) - - - 2E-5 2E-4
W, see '¥Os - 3E+3 1E-6 4E-9 - -
Y, see "*0s - IE+3 1E-6 4E-9 - -
76 Osmium-194 D, see ™0s 4E+2 4E+1 2E-8 6E-11 - -
LLI wall
(6E+2) - - - 8E-6 8E-5
W, see '*0s - 6E+1 2E-8 8E-11 - -
Y, see '*°0s - 8E+0 3E9 1E-11 - -
77 Indium-182% D, all compounds except
those given for Wand Y 4E+4 1E+5 6E-5 2E-7 - -
, St wall
(4E+4) - - - 6E-4 6E-3
‘W, halides, mitrates,
and metallic mdium - 2E+5 6E-5 2E-7 - -
Y, oxides and hydroxides - 1E+5 5SE-§ 2E-7 - -
77 Indium-184 D, see "*Ir 8E+3 2E+4 1E-5 3E-8 1E4 1E-3
W, see "¢ - 3E+4 1E-5 SE-8 - -
Y, see "¥2gr - 3E+4 1E-5 4E-8 - -
77 Indum-185 D, see 'VIr SE+3 1E+4 SE-6 2E-8 7E-5 7E-4
R W, see 'PIr - 1E+4 SE-6 2E-8 - -
Y, see M1y - 1E+4 4E-6 1E-8 - -
77 Iridium-186 . D, see "¢ 2E+3 8E+3 3E-6 1E-8 3E-5 3E-4
W, see 'P1r - - 6E+3 3E-6 9E-9 - -
Y, see "MIr - 6E+3 2E-6 8E-9 - -
77 Iridium-187 D, see '"¥Ir 1E+4 3E+4 1E-5 SE-8 1E-4 1E-3
W, see '"Ir - 3E+4 1E-5 4E-8 - -
Y, see "Ir - 3E+4 1E-5 4E-8 - -
iz Indium-188 D, see "*Ir 2E+3 SE+3 2E6 T 6E-9 3E-5 3E4
W, see '¥Ir - 4E+3 1E-6 SE-9 - -
Y, see "¥ir . - 3E+3 1E-6 SE-9 - -
77 Iridium-189 D, see "™ Ir SE+3 SE+3 2E-6 7E-9 - -
LLY wall
(SE+3) - - - 7E-5 7E4
W, see 21 - 4E+3 2E-6 SE-9 - -
Y, see e | - 4E+3 1E-6 SE-9 - -
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Annual Limits on Intake (ALI) and Derived Air‘COncentratigng (DAC) of Radionuclides for Oécupational Exposure
Effluent Concenfrations .
Concentrations for Release to Sanitary Sewerage (Continued)

, Table 1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col t Col 2 . Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation - Average
Atormic  Radionuchde Class - . ALI ALI DAC Ar ‘Water X _ Concentration
No. ' : @wCy - (i) (CY/m - (uCv/ml) _(pCym)) (uCi/ml)
77 - Indium-190m¥ D, see "Ir 2E+5 2E+5 8E-5 3E-7 . 2E-3 2E-2
W, see "¢ - 2E+5 9E-5 3E-7 - -
Y, see "Mr - 2E+5 8E-5 3E-7 - -
77 Iridium-190 D, see "r 1E+3 9E+2 4E-7 1E-9 1E-5 1E-4
W, see Iy N - 1E+3 4E-7 1E-9 - -
Y, see "®Ir - 9E+2 4E-7 1E-9 - -
77« Iridum-192m D, see ™11 3E+3 9E+1 4E-8 1E-10 4E-5 4E4
W, see "®Ir - ; 2E+2 9E-8 3E-10 - -
Y, see "VIr - 2E+1 6E-9 2E-11 - -
77 Indium-192 D, see "Ir 9E+2 3E+2 1E-7 4E-10 1E-5 1E-4
W, see "Ir - AE+2 2E-7 6E-10 - -
Y, see ¥Ir - 2E+2 9E-8 3E-10 - -
f
77 Iridium-194m D, see "MIr ) 6E+2 9E+] | 4E-8 1E-10 9E-6 9E-5
W, see ™Ir - 2E+2 7E-8 2E-10 - -
Y, see'Ir - 1E+2 4E-8 1E-10 - -
77 Indum-194 D, see "Ir 1E+3 3E+3 1E-6 4E-9 1E-5 1E4
W, see "Iy - 2E+3 9E-7 3E9 - -
Y, see "% r - 2E+3 8E-7 3E-9 - -
77 Iridium-195m D, see "™r 8E+3 2E+4 1E-5 3E-8 1E-4 1E-3
W, see "Iy - 3E+4 1E-5 4E-8 , - .-
Y, see "¢ - 2E+4 9E-6 3E-8 - -
77 Indiuim-195 D, see **Ir ) 1E+44  ° 4E+4 2E-5 '6E-8 2E-4 2E-3
W, see ¥¢ h - SE+4 2E-5 7E-8 - -
Y, see "r - . 4E+4 2E-5 6E-8 - -
78 Platinum-186 D, all compounds 1E+4 4E+4 2E-5 5SE-8 2E4 2E-3
78 Platinum-188 D, all compounds 2E+3 2E+3 7E-7 2E-9 2E-5 2E4
78 Platinum-189 D, all compounds 1E+4 3EH 1E-5 4E8 1E4 1E-3
78 . Platinum-191 D, all compounds 4E+3 8E+3 4E-6 1E-8 SE-5 SE-4
78 Platinum-193m D, all compounds 3E+3 6E+3 3E-6 8E-9 - -
. LLI wall
(3E+4) - - - 4E-5 4E-4
13
78 _ Pltnum-193 D, all conpounds 4E+4 2E+4 1E-5 3E-8 - -
LLI wall - o -
. ‘) (SE+4) - - - 6E-4 6E-3
78 Platmum-195m D, all compounds - 2E+43 T | 4E+3 2E-6 689 - -
LLI wall
y N (2E+3) ) - - - 3E-5 3E-4
78 Platinum-197m® D, all compounds 2E+4 4E+4 2E-5 6E-8 2E4 , 2E3
‘ - -~ -
78 Platinum-197 D, all compounds 3E+3 ' 1E+4 . 4Es 1E8 . 4E-5 4E4
78 Platinum-199 D, 2ll compounds SE+4 1E+5 6E-5 287 74 7E-3
78 Platimum-200 D, all compounds IE+3 ~ _ 3E#3 1E-6 SE-9 2E-5 2E-4
79 .  Gold-193 . D, all compounds except ' -
those given for W and Y 9E+3 - 3E+4 1E-5 4E-8 1E4 1E-3
W, halides and nitrates - 2E+4 9E-6 3E-8 - -
Y, oxides and hydroxides - 2E+4 8E-6 3E-8 - -
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Annual Limits on Intake (ALI) and Denived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
o ' Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table IT Table 11T
Occupational Effluent Releases to
Values Concentrations Sewers
Cot 1 Col 2 Col. 3 Col 1 Col 2
Oral Monthly
. Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALI DAC Arr Water Concentration
No (uCi) (C) (uCirml) (1CVml) (pCi/my) (2Cym)
79 Gold-194 D, see **Au 3E+3 8E+3 3E-6 1E-8 4E-5 4E-4
W, see 'PAu - 5E+3 2E-6 8E-9 - .
Y, see 'PAu - SE+3 2E-6 7E-9 - -
79 Gold-195 D, see '*’Au SE+3 1E+4 SE-6 2E-8 7E-S 7E-4
W, see "PAu - 1E+3 6E-7 2E-9 - -
Y, see Au - AE+2 2E-7 6E-10 - -
79 Gold-198m D, see "PAu 1E+3 3E+3 1E-6 4E-9 1E-5 1E-4
W, see "PAn - 1E+3 SE-7 2E-9 - -
Y, see ' Au - 1E+3 SE-7 2E-9 - -
79 Gold-198 D, see '”Au 1E+3 4E+3 2E-6 SE-9 2E-5 2E-4
W, see " Au - 2E+3 8E-7 3E-9 - -
Y, see '’ Au - 2E+3 7E-7 2E-9 - -
79 Gold-199 D, see '®An 3E+3 9E+3 4E-6 1E-8 - -
LLI wall
(3E+3) - - - 4E-5 4E4
W, see "Au - 4E+3 2E-6 6E-9 - -
Y, see ' Au - 4E+3 2E-6 SE-9 - -
79 Gold-200m D, see 'PAu 1E+3 4E+3 1E-6 SE-9 2E-5 2E-4
W, see 1P Aun - 3E+3 1E-6 4E-9 - -
Y, see ' Au - 2E+4 1E-6 3E-9 - -
79 Gold-200¥ D, see '”Au 3E+4 6E+4 3E-5 9E-8 4E-4 4E-3
W, see 'Au - 8E+4 3E-5 1E-7 - -
Y, see " Au - TE+4 3E-§ 1E-7 - -
79 Gold-201¥ D, see '”Au . TE+4 2E+5 9E-5 3E-7 - -
St wall
(9E+4) - - R - 1E-3 1E-2
W, see "Au - 2E+5 1E-4 3E-7 - -
Y, see 'PAu - 2E+5 9E-5 3E-7 - -
80 Mercury-193m Vapor - S8E+3 4E-6 , 1E-8 - -
Orgamc D 4E+3 1E+4 SE-6 2E-8 6E-5 6E-4
D, sulfates 3E+3 SE+3 4E-6 1E-8 4E-5 4E-4
W, oxides, hydroxides,
halides, nitrates, and ,
sulfides - 8E+3 3E-6 1E-8 - -
80 - Merelry-193 Vapor - 3EH4 1E-5 4E-8 - -
Orgamc D 2E+4 6E+4 3E-S 9E-8 3E-4 3E3
D, see '"™Hg 2E+4 4E+4 2E-5 6E-8 2E-4 2E-3
- W, see '7"Hg - 4E+4 2E-5 6E-8 - - .
80 Mercury-194 Vapor - 3E+1 1E-8 4E-11 - - -
Organic D 2E+1 3E+1 1E-8 4E-11 2E-7 2E-6
D, see "™Hg SE+2 4E+1 2E-8 6E-11 1E-S 1E-4
W, see **™Hg - 1E+2 SE-8 2E-10 - -
80 Mercury-195m Vapor - 4E+3 2E6 6E-9 - -
Organic D 3E+3 6E+3 3E-6 8E-9 4E-5 4E-4
D, see '“"™Hg 2E+3 SE+3 2E-6 7E-9 3E-§ 3E-4
W, see '%"Hg - 4E+3 2E-6 SE-9 - to-
80 Mercury-195 Vapor - 3E+4 1E-5 4E-8 - -
Orgamc D 2E+4 5E+4 2E-5 6E-8 2E4 2E-3
D, see "Hg 1E+4 4E+4 1E-5 © 5E-8 2E-4 2E-3
W, see '"™Hg - 3E+4 1E-5 SE-8 - -
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radxc;nuclldes for Occupational Exposure

Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Connhued)

361"

. Table 1 Table 11 Table 111
Occupational EfMuent Releases to
Values Concentrations Sewers
. Col. 1 Col 2 Col 3 Col. 1 Col 2
B Oral ' Monthly
Ingestion Inhalation . e e . Average .
_Atomc  Radionuclide” vn. Class . . - ALY ALl DAC Air Water Concentration
No (uC wC (uCi'ml) (uCi/ml) (nCi/ml) (uCi/ml)
80 Mercury-197m Vapor - SE+3 2E-6 7E-9 - -
LT Orgame D 4E+3 9E+3 4E-6 1E-8 SE-5 SE-4
D, see """Hg 3E+3 TE+3 3E-6 1E-8 4E-5 4E4
W, see '"'""Hg - SE+3 2E-6 7E-9 - -
80 Mercury-197 Vapor - 8E+3 4E-6 1E-8 - -
Organic D TE+3 1E+4 6E-6 2E-8 9E-5 9E-4
D, see *™Hg 6E+3 1E+4 SE-6 2E-8 8E-5 BE4
W, see *™*"Hg - 9E+3 4E-6 .1E-8 - -
80 Mercury-199m® Vapor - 8E+4 3E-5 1E-7 - -
- Organic D 6E+4 2E+5 TE-5 2E-7 - -
St wall ' - . -
. (1E+5) - - - 1E-3 1E2
D, see ™Hg 6E+4 1E+5 6E-5 2E-7 8E-4 8E-3
W, see "MHg - ) 2E+5 7E-5 2E-7 - -
80 Mercury-203 Vapor - 8E+2 4E-7 1E-9 - -
Organic D SE+2 8E+2 3E-7 1E-9 7E-6 7E-5
D, sce *’"Hg 2E+3 1E+3 SE-7 2E-9 3E-5 3E4
W, see '"Hg - 1E+3 SE-7 2E-9 - -
81 Thallium-194m® D, all compounds SE+4 2E+5 6E-5 2E-7 - -
St wall -
(FE+4) - - - 1E-3 1E2
81 Thallium-194Y D, all compounds 3E+5 6E+5 2E-4 8E-7 - - b -t
St wall )
h (3E+5) - - - 4E-3 4E-2
81 Thallum-195¥ D, all compounds 6E+4 1E+5 SE-5 "2E-7, 9E4 9E-3
81 Thallium-197 D, all compounds TE+4 1E+5 5E-5 2E-7 1E-3 B 1E-2
8t Thalllum-198m® D, all compounds 3E+4 SE+4 2E-5 ) 8E-§ 4E-4 4E-3
81 Thalhum-198 D, all compounds 2E+4 3E+4 | 1E-5 5E-8 3E-4 3E-3
81 Thallium-199 D, all compounds 6E+4 8E+4 4E-5 1E-7 . SE-4 9E-3
81 Thallium-200 D, all compounds 8E+3 1E+4 5E-6 2E-8 1E4 .. . - 1E-3
81 Thalhum-201 D, all compounds 2E+4 2E+4 9E-6 3E-8 2E-4 2E-3
81 Thalhum-202 D, all compounds 4E+3  ° 5E+3 2E-6 7E-9 5E-5 5E4
81 Thallium-204 . .. D,all campounds 2E+3 2E+3 ’ 9E-7 3E-9, 2E-5 2E4
82 Lead-195m®’ D, all compounds 6E+4 ’ 2E+5 8E-5 3E-7 8E-4 8E-3 -
82 Lead-198 D, all compounds 3E+4 6E+4 3E-5 9E-8 4E-4 4E3
. e e
82 Lead-199% D, all compounds 2E+4 TE+4 3E-5 1E-7 3E4 3E-3
82 Lead-200 D, all compounds IE+3 6E+3 T 3Es 9E-9 4E-5 4E-4
82 Lead-201 D, all compounds TE+3 2E+4 8E-6 . 3E-8 . 1E4 - - 1E-3
L -
82 Lead-202m : D, all compounds 9E+3 ° 3E+4 1E-S 4E-8 . 1E-4 1E-3
82 Lead-202 D, all compounds 1E+2 SE+1 2E-8 TE-11 2E-6 2E-5
82 Lead-203 D, all compounds SE+3 9E+3 ) 4E-6 1E-8 7E-5 TE-4



Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
. Effluent Concentrations
Concentrations for Release to Samtary Sewerage (Continued)

- Tablel Table 11 Table 111
Occupational Efluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col. 3 Col § Col. 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class All ALl DAC Arr Water Concentration
No (uCi) (uaCi) (uCvml) (zCi/ml) (Cvml) @Cvml)
82 Lead-205 D, all compounds 4E+3 1E+3 6E-7 2E-9 5E-5 5E-4
82 Lead-209 D, all compounds 2E+4 6E+4 2E-S 8E-8 3E4 3E-3
82 Lead-210 D, all compounds 6E-1 2E-1 1E-10 - - -
* Bone surf Bone surf
) (1E+0) (4E-1) - 6E-13 1E-8 1E-7
82 Lead-211¥ D, all compounds 1E+4 6E+2 3E-7 9E-10 2E-4 2E-3
82 Lead-212 D, all compounds 8E+1 3E+1 1E-8 5E-11 - -
Bone swuf
(1E+2) - - - 2E-6 2E-5
82 Lead-214Y D, all compounds 9E+3 8E+2 3E7 1E-9 1E-4 1E-3
83 Bismuth-200Y D, mitrates 3E+4 SE+4 4E-5 . 1E-7 4E-4 4E-3
W, all other compounds - 1E+5 4E-5 1E-7 - - -
83 Bismuth-201¥ D, see ™B1 1E+4 IE+4 1E-5 4E-8 2E-4 2E-3
W, see >°B) - 4E+4 2E-5 SE-8 - -
; .
83 Bismuth-202Y D, see ™Bi ' 1E+4 4E+4 2E-5 6E-8 2E-4 2E-3
W, see ™Bi - 8E+4 3E-5 1E-7 - -
83 Bismuth-203 D, see *Bi 2E+3 TE+3 3E-6 9E-9 3E-5 IE-4
W, see *®Bj - 6E+3 3E-6 9E-9 - -
83 Bismuth-205 D, see *Bj 1E+3 3E+3 1E-6 3E-9 2E-5 2E-4
W, see B - 1E+3 SE-7 2E-9 - -
83 Bismuth-206 D, see *™Bi 6E+2 1E+3 6E-7 2E-9 9E-6 9E-5
W, see *Bi - 9E+2 4E-7 1E-9 - -
83 Bismuth-207 D, see ™Bi 1E+3 2E+3 7E-7 2E-9 1E-§ 1E-4
W, see *°Bi - ) 4E+2 1E-7 SE-10 - -
83 Bismuth-210m D, see *Bi 4E+1 SE+0 2E-9 - - -
Kidneys Kidneys
(6E+1) (6E+0) - 9E-12 8E-7 8E-6
W, see *Bj - 7E-1 3E-10 9E-13 - -
83 - Bismuth-210 D, see *Bj 8E+2 2E+2 1E-7 - 1E-5 1E-4
- Kidneys
R P . - (4E+2) - SE-10 - -
W, see 2Bj - IE+1 1E-8 4E-11 - -
83 Bismuth212¥  D,see®Bi SE+3 2E+2 1E-7 3E-10 7E-5 7E-4
W, see *°Bj - - 3E+2 1E-7 4E-10 - -
83 Bismuth-213Y D, see ™Bi 7E+3 3E+2 1E-7 4E-10 1E-4 1E-3
R W, see °Bj - 4E+2 1E-7 SE-10 - -
33 Bismuth-214¥ D, see *Bi 2E+4 8E+2 3E-7 1E-9 - -
St wall
(2E+4) - - - - 3E-4 3E3 -
W, see ™Bi - 9E-2 4E-7 1E-9 - -
84 Polonium-203% D, all compounds except
those given for W 3E+4 6E+4 3E-5 9E-8 3E-4 3E-3
W, oxides, hydroxides,
and nitrates - 9E+4 4E-S 1E-7 - -
84 Polonium-205%¥ D, see *’Po 2E+4 4E+4 2E-5 SE-8 3E-4 . 3E3
W, see 2°Po - TE+4 3E-5 1E-7 - -
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* Annual Limits on Intake (ALI) and Derived Air Concentrations {DAC) of Radionuclides for~0ccupationall Ifxposure
' Effluent Concentrations )
" Concentrations for Release to Sanitary Sewerage (Continued)

! ' Table I Table IT Table 111
- - . Occupational Effluent Releases to
! Values Concentrations Sewers
Col 1’ Col. 2 Col 3 Col. 1 Col 2
Oral L Monthly
Lo . Ingestion Inhalation “ Average
Atomic Radionuchde Class ALl ALl DAC Air .. JWater . Concentration
No. : N ‘e - uCD _(uCD (uCymD) ~ (CimD (uCym (Cymn
8  Polomum-207 D, see ®Po 8E+3 3E+4 1E-5 3E-8 1E-4 1E-3
W, see ’Po - 3E+4 1E-5 4E-8 - -
- 1
84 Polonium-210 D, see Po ’ 3E+0 6E-1 3E-10 9E-13 4E-8 4E-7
: W, see **Po - 6E-1 3E-10 9E-13 - -
85 Astatine-207% D, halides 6E+3° .3E+3 1E-6 4E-9 8E-5 8E4
B w - 2E+3 9E-7 3E9 - -
85 Astatine-211 D, halides 1E+2 8E+) 3E-8 1E-10 2E-6 2E-5
w - SE+1 2E-8 8E-11 - -
86 Radon-220 With daughters removed - 2E+4 7E-6 2E-8 - -
With daughters present - 2E+] 9E-9 3E-11 - : -
w (or 12 (or1.0
WLM) WL)
86 Radon-222 ‘With daughters removed - 1E+4 4E-6 1E-8 - -
With daughters present -, 1E+2 3E-8 1E-10 - -
. , (or4 {or033
WLM) WL) - - -
87 Francium-222¥ D, all compounds 2E+3 SE+2 2E-7 ) 6E-10 3E-5 3E4
87 ancium223_’" D, alt compounds 6E+2 8E+2 3E-7 1E-9 BE-6 8E-5
88 Radium-223 W, all compounds 5E+0 7E-1 3E-10 9E-13 - -
Bone surf - . \ i
(9E+0) . - - -2 - 1E-7 1E-6
88 Radium-224 W, all compounds 8E+D . 2E+0 7E-10 2E-12 - L To.
- Bone surf .
(2E+1) <L - - 2E-7 2E-6
88 Radium-225 ‘W, all compounds ’ 8E+0 7E-1 3E-10 9E-i3 - -
Bone surf R ¢ .
(2E+1) - - - 2E-7 2E-6
88 Radium-226 W, all compounds 2E40 6E1 3E-10 , 9E-13 ° - -
. Bone surf
- (SE+0) . - - - 6E-8 6E-7
88 Radium-227¥ W, all compounds -, 2E+4, | 1E+4 6E-6 - : - B
, e L = Bone surf Bone surf
(QE+4) ' (2E49) - 3E-8 3E4 3E3
i ' o e
88 Radium-228 . W, all cqmpounds 2E+0 N 1E+0 SE-10 2E-12 - -
° Bone surf
: (4E+0) ~ - - - 6E-8 6E-7
f .
89 Actinjum-224 D, all compounds except  _ »
those given for Wand Y 2E+3 3E+1 1E-8 - - -
LLI wall Bone surf AR : >
(2E+3 (4E+1) - (S SE-11 3E-5 3E4
W, halides and nitrates - .G S5E+1 _, 2E-8 7E-11 - -
Y, oxides and bydroxides - . SE+1 2E-8 6E-11 - -
8  Actimum225  ,  D,sce™Ac SE+1 | 3Ed 1E-10 - . -
) Lllwall ' Bone surf
., (SE+1) . (SE-1) - 7E-13 . . TE7 - “+ 7E-6
W, see Ac - 6E-1 7, 3E-10 9E-13 - -

Y, see Z'Ac - 6E-1,. 3E-10 9E-13 - -
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Annual Limuts on Intake (ALI} and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
: T Effluent Concentrations

Concentrations for Relcasg to Sanitary Sewerage (i Continued)

Tablel Table 11 Table I11
Occupational Effluent Releases to
Values Concentrations Sewers
Col. 1 Col 2 Col. 3 Col 1 Col 2
' Oral . Monthly
Ingestion __Inhalation Average
Atomic Radionuchde Class ‘ALl ALl DAC Air Water Concentration
No. (uCi) (xCi) (uCi/ml) (uCvml) (uCvml) (uCvml)
29 Actimum-226 D, see 2*Ac 1E+2 3E+0 1E-9 - - .
LLI walt Bone surf
(1E+2) (4E+0) - SE-12 2E-6 2E-5
W, see ZAc - SE+0 2E-9 7E-12 - -
Y, see P*Ac - SE+0 2E-9 6E-12 - -
89 Actinium-227 D, see 'Ac 2E-1 4E-4 2E-13 - - .
Bone surf Bone surf
(4E-1) (8E-4) - 1E-15 SE-9 SE-8
W, see 2*Ac - 2E-3 7E-13 - - -
Bone surf
- (3E-3) - 4E-15 - -
Y, see 2‘Ac - 4E-3 2E-12 6E-15 - -
89 Actinium-228 D, see **Ac 2E+3 9E+0 4E-9 - 3E-5 3E-4
Bone siurf
- (2E+1) - 2E-11 - -
W, see Ac - 4E+1 2E-8 - - -
Bone surf .
- (6E+1) - . 8E-11 - -
Y, see Z'Ac - 4E+1 2E-8 6E-11 - -
90 Thorium-226Y W, all compounds except
those given for Y SE+3 2E+2 6E-8 2E-10 - -
St wall
o (SE+3) - - - 7E-5 7E-4
Y, oxides and hydroxides - 1E+2 6E-8 2E-10 - -
90 Thorium-227 W, see Z°Th 1E+2 3E-1 1E-10 SE-13 2E-6 2E-5
Y, see 2°Th - 3E-1 1E-10 SE-13 - -
90 Thorum-228 W, see 2°Th 6E+0 1E-2 4E-12 - - -
Bone surf Bone surf
(1E+1) (2E-2) - 3E-14 2E-7 2E-6
Y, see 2°Th - 2E-2 7E-12 2E-14 - -
90 Thonum-229 W, see Z°Th 6E-1 9E-4 4E-13 - - -
Bone surf Bone surf
(1E+0) (2E-3) - 3E-15 2E-8 2E-7:
Y, see 2°Th - 2E-3 1E-12 - - -
Bone surf’
- (3E-3) - 4E-15 - -
90 Thorfum-230 W, see 2°Th 4E+0 6E-3 3E-12 - - -
Bone surf Bone surf
(9E+0) (2E-2) - 2E-14 1E-7 1E-6
. Y,see %°Th - 2E-2 6E-12 - - -
° Bone surf
- (2E-2) - 3E-14 - -
% Thorium-231 W, see 2°Th 4E+3 6E+3 3E-6 9E-% SE-5 SE-4
Y, see ?Th - 6E+3 3E-6 9E-9 - -
90 Thorium-232 W, see ZTh 7E-1 1E-3 SE-13 - - -
Bone swrf Bone suf - )
(2E+0) (3E-3) - 4E-15 3E-8 3E7
Y, see 2*Th - 3E-3 1E-12 - - -
Bone surf -
- (4E-3) - 6E-15 - -
90 . Thorium-234 W, see Z°Th 3E+2 2E+2 8E-8 3E-10 - -
‘ LLIwall
(4E+2) - - - 5E-6 SE-5
Y, see 2°Th - 2E+2 6E-8 2E-10 - -
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Annual Limuts on Intake (ALI) and Derived Air Concentrations {DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Table1 Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col. 2 Col 3 Col 1 Col 2
Oral Monthly
* Ingestion ! Inhalation , Average
Atomic Radionuclide Class ALl ALl DAC Air Water Concentration
No {eCi) ((18) (#Ci/mb (uCi/ml) (1Cv/ml) -~ (xCi/mi)
91 Protactinium-227¥ W, all compounds except K
those given for Y 4E+3 1E+2 SE-8 2E-10 5E-S 5E4
Y, oxides and hydroxides - 1E+2 4E-8 1E-10 - -
9] Protactinfum-228 W, see Z'Pa 1E+3 1E+1 SE-9 - 2E-5 2E-4
Bone surfl
- (2E+1) - 3E-11 - -
Y, see 2'Pa - 1E+] SE-9 2E-11 - -
91 Protactinium-230 W, see Z'pa 6E+2 SE+0 2E-9 7E-12 - -
Bone surf
(9E+2) - - - 1E-5 1E4
Y, see *'Pa - 4E+0 1E-9 SE-12 - -
91 Protactinium-231 W, see *'pa 2E-1 2E-3 6E-13 - - -
. Bone surf Bone surf
. (SE-1) (4E-3) - 6E-15 6E-9 6E-8
Y, see ¥'Pa - 4E-3 2E-12 - - -
Bone surf
- (6E-3) - 8E-15 - -
91 Protactinium-232 W, see ?'Pa 1E+3 2E+} 9E-9 - 2E-5 2E4
‘ Bone surf
- (6E+1) - 8E-11 - -
Y, see ®'Pa - 6E+1 2E-8 - - -
Borne surf
- (7E+1) - IE-10 - -
91 Protactinium-233 W, see Z'pa 1E+3 TE+2 3E-7 1E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E4
Y, see ¥’pa - 6E+2 2E-7 8E-10 - -
91 Protactiium-234 W, see %'pa 2E+3 8E+3 3E-6 1E-8 3E-5 . . 3E4
Y, see ¥'pa - TE+3 3E-6 9E-9 - ’ -
92 Uranium-230 D, UF,, UO,F,,
UO,,(NO,), 4E+0 4E-1 2E-10 - - -
Bone surf Bone surf
(6E+0) (6E-1) - 8E-13 8E-8 8E-7
W, U0;, UF,, UCl, - 4E-1 1E-10 SE-13 - -
Y, Uy, Us0y - 3E-1 1E-10 4E-13 - -
92 Uramum-23) D, see ®°U SE+3 8E+3 3E-6 1E-8 - -
' LLI wall :
(4E+3) - - - 6E-5 6E4
W, see 2°U - 6E+3 2E-6 8E-9 - -
Y, see 2y - - SE+3 2E-6 6E9 - . -
92"  Uramum-232 D, see ™y 2E+0 2E-1 9E-11 - - . -
Bone surf Bone surf
(4E+0) (4E-1) - 6E-13 6E-8 6E-7
W, see 2°U - . 4E-1 2E-10 SE-13 - -
Y, see U - 8E3. ' ' 3E12 1E-14 - -
92 Uranium-233 D, see P°U 1E+1 1E+0 SE-10 - - -
Bone surf Bone surf ,
(2E+1) (2E+0) - 3E-12 3E7 3E-6
W, see 20U - 7E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 SE-14 - . -
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Annual Linuts on Intake (ALI) and Denved Air Concentrations (DAC) of Radionuclides for Occupational Exposure
N ’ Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

- - \\./
Table 1 Table Il Table I11
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Alr Water Concentration
No (uCi) (uCi) (uCvml) (uCvm)) (uCvml) (uCvml)
922 Uranum-2349 D, see U 1E+1 1E+0 SE-10 - - .
Bone surf Bone surf
(2E+1) . (2E+0) - . 3E-12 3E-7 3E-6
W, see XU - 7E-} 3E-10 1E-12 - -
Y, see 2°U - 4E-2 2E-11 SE-14 - -
92 Uranum-235¢ D, see U 1E+1 1E+0 6E-10 - - .
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E7 3E-6
W, see 20U - 8E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-]1 6E-14 - -
92 Uranium-236 D, see >°U 1E+1 1E+0 SE-10 - - -
Bone surf Bone surf ,
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see 2°U - 8E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 - -
92 Uranium-237 D, see U 2E+3 3E+3 1E-6 4E-9 - -
LLIwall
(2E+3) - - - k) X3 3E-4
W, see U - 2E+3 7E-7 2E-9 - -
Y, see U - 2E+3 6E-7 2E-9 - -
92 Uranium-238¢ D, see ™y 1E+1 1E+0 6E-10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6 ./
W, see U - 8E-1 3E-10 1E-12 - -
Y, see U - 4E-2 2E-11 6E-14 - -
92 Uranium-239% D, see >°U TE+3 2E+5 8E-5 3E-7 9E-4 9E-3
W, see 2%U - 2E+5 7E-5 2E-7 - -
Y, see U - 2E+5 6E-5 2E-7 - -
92 Uranium-240 D, see U 1E+3 4E+3 2E-6 SE-9 2E-5 2E-4
W, see U - 3E+3 1E-6 4E-9 - -
Y, see U - 2E+3 1E-6 3E9 - -
92 Uranium-naturaF D, see °U 1E+1 1E+0 5E-10 - - -
Bone surf Bone surf
(2E+1) (2E+0) - 3E-12 3E-7 3E-6
W, see 20U - 8E-1 3E-10 SE-13 - -
Y, see U - 5E-2 2E-11 9E-14 - -
93 Ncphmium—i.’izy W, alllcompounds 1E+5 2E+3 7E-7 - 2E-3 2E-2
Bone surf
. , - (SE+2) - 6E-9 - -
93 Neptunium-233¥ W, all compounds SE+5 3E+6 1E-3 4E-6 1E-2 1E-1 _
93 Neptunium-234 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
93 Neptumum-235 W, all compounds 2E+4 8E+2 3E-7 - - -
. LLI wall Bone surfl
(2E+4) (1E+3) - e 2E-9 3E-4 IE3
93 Neptunium-236 W, all compounds 3E+0 2E-2 9E-12 - - -
(1 15E+5y) . Bone surf Bone surf’
. (6E+0) (5E-2) - 8E-14 9E-8 9E-7
93 Neptunjum-236 W, all compounds 3E+3 3E+] 1E-8 - - -
(225h) Bone surf’ Bone surf
(4E+3) (7E+1) - 1E-10 SE-5 SE-4
~
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuchdes for Occupétional Exposure
Effluent Concentrations
Concentrattons for Release to Sanitary Sewerage (Continued)

Tablel Table 11 Table 1
Occupational Effluent Releases to
.- Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhatation Average
Atomic Radionuchde Class ALI ALl DAC Arr Water N _Concentration
No (1Ci) (uCr) (uCvml) (uCvml) (uCi/ml) (Ci/ml)
E— - ' -
93 Neptumum-237 W, all compounds SE-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 1E-14 2E-8 2E-7
93 Neptunum-238 W, all compounds 1E+3 6E+1 3E-8 - 2E-5 2E4
' ' Bone surf
- (2E+2) - 2E-10 - -
23 Neptunium-239 W, all compounds 2E+3 2E+3 9E-7 3E-9 - -
LLI wall
(2E+3) - - - 2E-5 2E-4
93 Neptumium-240* W, all compounds 2E+4 S8E+4 3E-5 1E-7 3E4 JE3
94 Plutontum-234 W, all compounds R
except PuO, 8E+3 2E+2 9E-8 3E-10 1E4 1E-3
Y, PuO; - 2E+2 8E-8 3E-10 - -
o4 Plutonium-235%¥ W, see *pu 9E+5 3E+6 1E-3 4E-6 1E-2 1E-1
Y, see ®*Pu - 3E+6 1E-3 3E-6 - -
94 Plutonium-236 W, see Py 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf R
(4E+0) (4E-2) - SE-14 6E-8 6E-7
Y, see ™Pu - , 4E-2 2E-11 6E-14 - -
94 Plutonmum-237 W, see ®*Pu 1E+4 3E+3 1E-6 5E-9 2E-4 2E-3
Y, see P‘Pu - - 3E+3 1E-6 4E-9 - -
94 Plutonium-238 W, see 2Py 9E-1 7E-3 3E-12 - - -
Bone surl Bone surf
(2E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see **Pu - 2E-2 8E-12 2E-14 - -
94 Plutonium-239 W, see ™pu 8E-1 6E-3 3E-12 - - -
v Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see ®‘Pu - 2E-2 7E-12 - - -
: Bone surf
: - (2E-2) - 2E-14 - -
94  Plutonum-240 W, see *Pu 8E-1 6E-3 3E12 - - T
Bone surf Bone surf
cere QE+0) - (1E-2) - 2E-14 2E-8 2E-7
Y, see ®Pu - 2E-2 7E-12 - - -
Bone surf
s - (2E-2) - 2E-14 - -
94 Plutonium-241 W, see #*Pu 4E+1 3E-1 1E-10 - - - -
- Bone surf Bone surf
(7E+1) (6E-1) - 8E-13 1E6 . 1E-S
Y, see 2*Pu - . 8E-1 3E-10 R - -
Bone surf
- (1E+0) - . 1E-12 - -
94 Plutonium-242 W, sec P*Pu 8E-1 -t 7E3 3E-12 - - -
Bone surf Bone surf >
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see *Pu - 2E-2 7E-12 - .- -
: Bone surf
- (2E-2) - 2E-14 - -
94 Plutonium-243 W, see ?Pu 2E+4 4E+4 2E-5 5E-8 2E-4 2E-3
Y, see Pu - 4E+4 2E-5 SE-8 - -
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Annual Linuts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Effluent Concentrations
Concentrations for Release to Samitary Sewerage (Continued)

Table | Table 11 Table I11
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col 2
Oral Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAC Arr Water Concentration
No (nCi) [fi83)] (uCvml) (xCvml) (uCi/ml) (eCvml)
94 Plutonium-244 W, see **Pu 8E-1 7E-3 3E-12 - - -
Bone swf Bone surf
. (2E+0) (1E-2) - 2E-14 2E-8 2E-7
Y, see Py - 2E-2 7E-12 - - -
Bone swrf
- (2E-2) - 2E-14 - -
94 Plutomum-245 W, see **Pu 2E+3 SE+3 2E-6 6E-9 3E-5 3E4
Y, see Pu - 4E+3 2E-6 6E-9 - -
94 Plutonium-246 W, see **Pu 4E+2 3E+2 1E-7 4E-10 - -
LLI wall
(4E+2) - - - 6E-6 6E-5
Y, see Py - 3E+2 1E-7 4E-10 - -
95 Americium-237¥ W, all compounds 8E+4 3E+5 1E-4 4E-7 1E-3 1E-2
95 Amencium-238¥ W, all compounds 4E+4 3E+43 1E-6 - SE-4 SE-3
Bone surf
- (6E+3) - 9E-9 - .
95 Americium-239 W, all compounds SE+3 1E+4 SE-6 2E-8 7E-5 7E-4
95 Amencium-240 W, all compounds 2E+3 3E+3 1E-6 4E-9 3E-5 3E-4
95 Amencium-241 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-242m W, all compounds 8E-1 6E-3 3E-12 - - -
Bone suwf Bone swrf
(1E+0) (1IE-2) - 2E-14 2E-8 2E-7
95 Amencunm-242 W, all compounds 4E+3 8E+1 4E-3 - 5E-5 5E4
Bone surf
- (9E+1) - 1E-10 - -
95 Amencium-243 W, all compounds 8E-1 6E-3 3E-12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
95 Americium-244m® W, all compounds 6E+4 4E+3 2E-6 - - -
St wall Bone surf
ke L. (8E+4) (7E+3) - 1E-8 1E-3 1E-2
95 Americium-244 W, all compounds 3E+3 2E+2 3E-8 - 4E-§ 4E4
) Bone surf
- (3E+2) - 4E-10 - -
95 Amencium-245 W, all compounds 3E+4 8E+4 3E-5 1E-7 4E-4 4E-3
95 Americium246m¥ W, all compounds SE+4 2E+5 8E-5 3E-7 - -
St wall
(6E+4) - - - 8E-4 8E-3
95 Amencium-246¥ W, all compounds 3E+4 1E+5 4E-5 1E-7 4E-4 4E-3
96 Curium-238 W, all compounds 2E+4 1E+3 5E-7 2E-9 2E4 2E-3
96 Cunum-240 W, all compounds GE+1 6E-1 2E-10 - - -
Bone surf Bone surf
(8E+1) (6E-1) - 9E-13 1E-6 1E-5
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Effluent Concentrations ,
Concentrations for Release to Sanitary Sewerage (Continued)

iy

s

s (DAC) of Radionuclides for Occupational Exposure
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Table_ 1 Table 111
Occupational Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col. 1 Col 2
Oral Monthly
- Ingestion Inhalation ; — - - Average
» Atomic _Radionuchde Class - AL~ ALl DAC Air Water Concentration
No (uCi) (xCi) {(xCvmh (uCi/ml) (#Cvml) (xCi/m})
96 Curium-241 W, alf compounds 1E+3 | 3E+1 1E-8 - 2E-5 2E-4
Bone surf
- (4E+1) - SE-11 - -
96 Curium-242 W, all compounds IE+) 3BT 1E-10 . . .
} Bone surf Bone surf
(5EH) (3E-1) - 4E-13 TE-7 7E-6
96 Cunum-243 W, all compounds 1E+0 9E-3 4E12 - - -
Bone surf Bone surf i
(2E+0) (2E-2) - 2E-14 3E-8 3E-7
96 °  Curium-244 W, all compounds 1E+0 1E-2 SE-12 - - -
Bone surf Bone surf
(3E+0) (2E-2) - 3E-14 3E-8 3E-7
96 Cunum-245 W, all compounds 7E-1 6E-3 3E-12 - - -
' Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-246 W, all compounds 7E-1 6E-3 IE12 - - -
Bone surf Bone surf
(1E+0) (1E-2) - 2E-14 2E-8 2E-7
96 Curium-247 W, all compounds 8E-1 6E-3/ 3E-12 - - -
v Bone surf Bone surf ..
(1E+0) (1E-2) - 2E-14 ° 2E8 ' 2E-7
9 Cunum-248 W, all compounds 2E-1 2E-3 . 7E-13 - - -
Bone surf Bone surf
(4E-1) (3E-3) - 4}3-1 5 5E-9 SE-8
96 Curium-249Y W, all compounds SE+4 2E+4 7E-6 - 7E4 7E-3
Bone surf L
- (3E+4) - 4E-8 - .
96 Cunum-250 W, all compounds 4E-2 3E4 1E-13 - - -
Bone surf Bone surf
(6E-2) - (SE4) - 8E-16 9E-10 - 9E-9
97  Berkelum-245 W, all compounds E3 . IEM SE.7 2E9 3E-S 3E4
97 Berkelium-246 W, all compounds , 3E+3 3E+3 1E-6 4E-9 4E-5 v 4E-4
- B R
97 Berkehum 247 W, all compounds SE-1 4E3 2E-12 - - -
Bone surf Bone surf
. (1E+0) (9E-3) - 1E-14 2E-8 2E-7
97 Berkehum-249 W, all compounds 2E+2 2E+0 7E-10 - - -
Bone surf . Bone surf
(SE+2) - (4E+0) - 5E-12 6E-6 6E-5
97 Berkelmm-250 W, all compounds 9E+3 , 3E+2 I ) % - 1E4 1E-3
- Bone surf
- (7E+2) - 1ES - -
98 Cahfornium-244¥ W, all compounds except . -
° those given for Y 3E+4 6E+2 2E-7 8E-10 - -
St wall - '
(3E+4) - - - 4E-4 . 4E-3
Y, oxides and hydroxides - v GE+2 2E-7 8E-10 - o
98 Califonium-246 W, see 24Cf 4E+2 ’ ’“, 9E+0 . 4E-9 1E-11 SE-6 5E-5
Y, see Cf - SE+0 4E-9 1E-11 - -



Annual Limts on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
Co " Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Tablel Table 11 Table 111
Occupational Effluent Releases to
Values Concentrations Sewers
Col 1 Col 2 Col 3 Col 1 Col. 2
Onl Monthly
Ingestion Inhalation Average
Atomic Radionuchde Class ALl ALl DAF Ar Water Concentration
No (uCi (uCi) (uCifm) (rCyml) wCvml) '+ (uCvml)
98 Califomium-248 W, ee 24Cr 8E+0 6E-2 3E-11 - - .
Bone surf Bone swrf
(2E+1) (1E-1) ' - 2E-13 2E-7 2E-6
Y, see 2'Cf - 1E-1 4E-11 1E-13 - -
98 Cahformum-249 W, see 2Cf SE-1 4E-3 2E-12 - - .
Bone surf Bone surf
(1E+0) (SE-3) - 1E-14 2E-8 2E-7
Y, see 2Cf - 1E-2 4E-12 - - -
Bone surf
- (IE-2) - 2E-14 - .
98 Califormum-250 W, see 2MCf 1E+0 9E-3 4E-12 - - -
Bone surf Bone surf
(2E+0) (RE-2) - 3E-14 3E-8 3E-7
Y, see *‘Cf - 3E-2 1E-11 4E-14 . -
98 Californium-251 W, see 24Cr SE-1 4E-3 2E-12 - - -
Bone surf Bone surf
(1E+0) (9E-3) - 1E-14 2E-8 2E-7
Y, see 3Cf - 1E-2 4E-12 - - .
Bone surf
- (IE-2) - 2E-14 - -
98 Califormum-252 W, see2“Cf 2E+0 2E-2 8E-12 - - -
Bone surf Bone surf
(SE+0) (4E-2) - SE-14 7E-8 7E-7
Y, see 2Cf - 3E-2 1E-11 SE-14 - -
98 Califormum-253 W, see #Cr 2E+2 2E+0 8E-10 3E-12 - -
Bone surf
: (4E+2) - - - SE-6 SE-S
Y, see 2Cf - 2E+0 7E-10 2E-12 - -
98 Cahformum-254 W, see Cf 2E+0 2E-2 9E-12 3E-14 3E-8 3E-7
Y, see 24Cf - 2E-2 TE-12 2E-14 - -
99 Einsteimum-250 W, all conmounds 4E+4 5E+2 2E-7 - 6E-4 6E-3
Bone surf
- (1E+3) - 2E-9 - -
99 Emsteimum-251 W, all compounds 7E+3 9E+2 4E-7 - 1E-4 1E-3
Bone surf
- (1E+3) - 2E-9 - -
99 Emsteimum:-253 W, all compounds 2E+2 1E+0 6E-10 2E-12 2E-6 2E-5
99 Emsteimum-254m W, all compounds 3E+2 1E+1 4E-9 1E-11 - -
, LLI wall
(3E+2) - - - 4E-6 4E-5
99 Emsteimum-254 W, all compounds 8E+0 7E-2 3E-11 - - - -
Bone surf Bone surf
(2E+1) (E-1) - 2E-13 2E-7 2E-6
100 Fermium-252 W, all compounds SE+2 1E+1 SE-9 2E-11 6E-6 6E-5
-
100 Fenmium-253 W, all compounds 1E+3 1E+1 4E-9 1E-11 1E-5 1E-4
100 Ferrmum-254 W, all compounds 3E+3 9E+1 4E-8 1E-10 4E-5 4E-4
100 Fermium-255 W, all compounds SE+2 2E+1 9E-9 3E-11 7E-6 7E-5
100 Fermium-257 W, all compounds 2E+1 2E-1 7E-11 - - -
Bone surf Bone swf
N , (4E+1) (2E-1) - 3E-13 SE-7 SE-6
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Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational E)‘(posure
Effluent Concentrations
Concentrations for Release to Sanitary Sewerage (Continued)

Table 1 Table II Table 111
Occupational Efftuent Releases to
. Values Concentrations Sewers
Col 1 Col. 2 Col 3 Col 1 Col 2
- Omal . Monthly
. Ingestion Inhatation Average
Atomuc Radionuclide Class _ ALl . - ALl DAC - TAnr -, Water ", T Concentration
No R (Ci) [{1{8)] (aCvmh (xCvml) (uCifml) - (uCvml)
101 Mendelevium-257 W, all compounds TE+3 8E+1 4E-8 - 1E-4 . 1E-3
Bone surf
- (9E+1) - 1E-10 - -
101 Mendelevium-258 ‘W, all compounds 3E+1 2E-1 1E-10 - - - -
Bone surf Bone surf
(SE+1) (GE-1) - SE-13 6E-7 6E-6
- Any single radionuchde not listed ,
above with decay mode other than . ,
alpha emssion or spontaneous fis- - N .
sion and with radioactive half- B B .
hfe less than 2 hours . Submersion* - 2E+2 1E-7 1E-9 - R
- i.
- Any smgle radionuchide not listed Dy - ¢
above with decay mode other than
alpha emussion or spontaneous fis- - e ot -
~ sion and with radioactive half- - s -
hfe greater than 2 hours - 2E-1 1E-10 1E-12 1E-8 1E-7
- Any single radionuchde not hsted Co .
above that decays by alpha emission , .
or spontaneous fission, or any nux- N
ture for which erther the identity '
or the concentration of any radio- P .
nuclide in the mxture is not N e <
known - 4E-4 2E-13 1E-15 2E-9 - 2E-8

Footnotes:

¥ "Submerston” means that values grven are for submersion in a hemispherical semi-infinite cloud of airborne material.

¥ These radionuchdes have radiological half-lives of less than 2 hours The total effective dose equivalent recewved during operations with these radionuchdes might

include a significant contribution from external exposure. The DAC values Jor all radionuclides, other than those designated Class

committed effective dose equivalent due to the intake of the radionuchide into the body and do NOT include potentally sigmificant co
external exposures The licensee may substitute 1E-7 pCvml for the listed DAC fo account for the submersion dose prospectively,
devices or other radiation measuring instruments that measure external exposure to demonstrate comphance with the hmits (See

"Submersion,” are based upon the |
ntributions to dose equivalent from
but should use individual monitoring
s HFS 157.22 (3))

¥ For soluble muxtures of U-238, U-234, and U-235 in air, chemical toxicity may be the hmiting factor (see D 201e ) If the}:er{en? b); weight enrichment of U-2335 is not -

concentration and time of exposure during a 40-hour workweek may not exceed 8E-3 (SA) pCi
actvity for natural uranium is 6 77E-7 curies per gram U The specific activity for other mix.

.ot

SA=36E-7 curies/gram U U-depleted

SA = [0 4+ 0 38 enrichment + 0 0034 enrichment’] E-6, enrichment > 0.72

where enrichment is the percentage by weight of U-235, expressed as percent

Note

1. 1f the identity of each radionuchde in a mixture is known but the concentration of one or more of th
the muxture shall be the most restrictive DAC of any radionuchide in the mixture

2 If the 1dentity of each radionuchide in the muxture is not known, but it is known that certain radionuc,

mxture, the inhalation ALY, DAC, and effluent and sewa

that is not known to be absent from the nuxture, or
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b

greater than 5, the concentration value for a 40-hour workweek is 0.2 sulligrams urantum per cubic meter of air average For any enrickment, the product of the average _
i-hr/ml, where 54 is the specific actvity of the uranium inhaled. The specific "

tures of U-238, U-235, and U-234, if not known, shall be .

e radionuclides in the rm;mn'c is n.olt known, the DAC {or

1

lhides specified in this appendix are not present in the .
ge concentrations for the mixture are the lowest values specified 1n this appendix for any radionuclide |



Annual Limits on Intake (ALI) and Derived Air Concentrations (DAC) of Radionuclides for Occupational Exposure
: o Effluent Concentrations

Concentrations for Release to Sanitary Sewerage (Continued)

Atomic  Radionuchde Class
No.

Col. 1
Oral
Ingestion
ALl
(uCi)

Table I
Occupational
Values

Col 2

Table i1
Effluent
Concentrations

Col 3 Col 1 Col 2

Inhalation

ALI
(uCi)

DAC Arr Water
(uCvymh) (uCVmh) (xCv/ml)

Table 111
Releases to
Sewers

Monthly
Average
Concentration

1f 1t 1s known that Ac-227-D and Cm-250-W are
not present -

1f, m addition, 1t 1s known that Ac-227-W,Y,

Th-229-W.Y, Th-230-W, Th-232-W,Y, Pa-231-W,Y,
Np-237-W, Pu-239-W, Pu-240-W, Pu-242-W, Am-241-W,
Am-242m-W, Am-243-W, Cm-245-W, Cm-246-W, Cm-247-W,
Cm-248-W, Bk-247-W, C£-249-W, and Cf-251-W

are not present

If, in addition, 1t 1s known that Sm-146-W,
Sm-147-W, Gd-148-D,W, Gd-152-D,W, Th-228-W,Y,
Th-230-Y, U-232-Y, U-233-Y, U-234-Y, U-235-Y,
U-236-Y, U-238-Y, Np-236-W, Pu-236-W,Y,
Pu-238-W,Y, Pu-239-Y, Pu-240-Y, Pu-242.Y,
Pu-244.W,Y, Cm-243-W, Cm-244-W, Cf-248-W,
Cf-249-Y, C£-250-W,Y, Cf-251-Y, Cf-252-W,Y,

and Cf-254-W,Y are not present O

7E-4

7E-3

3E-11

3E-13 ’ - -

3E-12 - -

(uC'my

1f, 1n addition, 1t 15 known that Pb-210-D!

Bi-210m-W, Po-210-D,W, Ra-223-W, Ra-225-W,
Ra-226-W, Ac-225-D,W,Y, Th-227-W,Y, U-230-D,W,Y,
U-232-D,W, Pu-241-W, Cm-240-W, Cm-242-W,
Cf-248.Y, Es-254-W, Fm-257-W, and Md-258-W

are not present

If, 10 addition, st 1s known that S-32-Y,

Ti-44-Y, Fe-60-D, Sr-90-Y, Zr-93-D,

Cd-113m-D, Cd-113-D, In-115-D,W, La-138-D,
Lu-176-W, Hf-178m-D,W, Hf-182-D,W, B1-210m-D,
Ra-224-W, Ra-228-W, Ac-226-D,W,Y, P2-230-W,Y,
U-233-D,W, U-234-D,W, U-235-D,W, U-236-D,W,
U-238-D,W, Pu-241-Y, Bk-249-W, Cf-253-W.Y,

and Es-253-W are not present

If1t1s known that Ac-227-D,W,Y, Th-229-W.Y,
Th-232-W,Y, Pa-231-W,Y, Cm-248-W, and
Cm-250-W are not present

If, 1n addution, it is known that Sm-146-W,

Gd-148-D,W, Gd-152-D, Th-228-W,Y, Th-230-W,Y,
U-232-Y, U-233-Y, U-234-Y, U.235-Y, U-236-Y,
U-238-Y, U-Nat-Y, Np-236-W, Np-237-W, Pu-236-W, Y,
Pu-238-W,Y, Pu-239-W,Y, Pu-240-W,Y, Pu-242-W,Y,
Pu-244-W,¥, Am-241-W, Am-242m-W, Am-243-W,
Cm-243-W, Cm-244-W, Cm-245-W, Cm-246-W,
Cm-247-W, Bk-247-W, Cf-249-W,Y, Cf-250-W,Y,
Cf-251-W,Y, Cf-252-W,Y, and Cf254-W,Y,

are not present - -

If, in addition, 1t is known that Sm-147-W,
Gd-152-W, Pb-210-D, Bi-210m-W, Po-210-D,W,
Ra-223-W, Ra-225-W, Ra-226-W, Ac-225-D,W,Y,
Th-227-W,Y, U-230-D,W,Y, U-232-D,W, U-Nat-W,
Pu-241-W, Cm-240-W, Cm-242-W, Cf-248-W,Y,
Es-254-W, Fin-257-W, and Md-258-W are not
present ) ,
If, 1n addstion it is known that Fe-60, !

Sr-90, Cd-113m, Cd-113, In-115, 129,

Cs-134, Sm-145, Sm-147, Gd-148, Gd-152,

Hg-194 (organic), B1-210m, Ra-223, Ra-224,
Ra-225, Ac-225, Th-228, Th-230, U-233, U-234,
U-235, U-236, U-238, U-Nat, Cm-242, Cf-248,
Es-254, Fm-257, and Md-258 are not present

7E-1

TE+0
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3E-10 - -

3E-9 - -

- 1E-14 -

- . 1E13 -

- 1E-12 -

- - 1E-6

1E-5

N~/



3 If a mxture of radronuchdes consists of uranium and its daughters in ore dust (10 gm AMAD particle distribution assumed) prior to chermical separation of the uranium
from the ore, the following values may be used for the DAC of the mixture: 6E-11 pC of gross alpha actvity from uramum-238, wranium-234, thonum-230,
and radium-226 per molliliter of axr; 3E-11 uC of natural urantum per mulliliter of air; or 45 micrograms of natural uranium per cubic meter of ar

o - ot s s S A - T ! I T N
\_/ *4 If the identity and concentration of each radionuchde in a mixture are known, the Imiting values should be denived as follows determine, for each radionuclide in the
mixture, the ratio between the concentration present in the muxture and the concentration otherwise estabhished in Appendix E for the specific radionuclide when
not 1n a mixture. The sum of such ratios for all of the radionuchdes n the mxture may not exceed "1,” whch is "unity”.

Example: If radionuchdes "A," "B,” and “C" are present in concentrations Ca, Cp, and C, and if the applicable DACs are DAC,, DACg, and DAC.,
respectively, then the

concentrations shall be hnuted so
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APPENDIX F

QUANTITIES OF LICEN SED OR REGISTERED WIATERIAL REQUIRING LABELIN G —

(In Atomic Number Order)

Radionuclide Quantity Radionuclide Quantity

(uCi) o (uCi)
Note: To convert uCi to kBq, multiply the uCi value by 37 * g
Hydrogen-3 1,000 Scandium-47 100
Beryllium-7 1,000 Scandium-48 100
Beryllium-10 1 Scandium-49 1,000
Carbon-11 1,000 Titanium-44 1
Carbon-14 100 Titanium-45 1,000
Fluorine-18 1,000 Vanadium-47 1,000
Sodium-22 10 Vanadium-48 100
Sodium-24 100 Vanadium-49 1,000
Magnesium-28 100 Chromium-48 1,000
Aluminum-26 10 Chromium-49 1,000
Silicon-31 1,000 Chromium-51 1,000
Silicon-32 1 Manganese-51 1,000
Phosphorus-32 10 Manganese-52m 1,000
Phosphorus-33 100 Manganese-52 100
Sulfur-35 100 Manganese-53 1,000
Chlorine-36 10 Manganese-54 100 "
Chlorine-38 1,000 Manganese-56 1,000
Chlorine-39 1,000 Iron-52 100
Argon-39 1,000 Iron-55 100
Argon-41 1,000 Iron-59 10
Potassium-40 100 Iron-60 1
Potassium-42 1,000 Cobalt-55 100
Potassium-43 1,000 Cobalt-56 10
Potassium-44 1,000 Cobalt-57 100
Potassium-45 1,000 Cobalt-58m 1,000
Calcium;41 _ 100 Cobalt-58 100
Calcium-45 100 ' Cobalt-60m 1,000
Calcium-47 . . 100 Cobalt-60 1
Scandium-43 1,000 Cobalt-61 1,000
Scandium-44m 100 Cobalt-62m 1,000
Scandium-44 100 Nickel-56 100
Scandium-46 10 Nickel-57 100
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)
Radionuclide Quantity Radionuclide Quantity
(uCi¥ (uCi)
Note: To convert uCi to kBg, multiply the uCi value by 37.

Nickel-59 100 Arsenic-73 100
Nickel-63 100 Arsenic-74 100
Nickel-65 1,000 Arsenic-76 100
Nickel-66 10 Arsenic-77 100
Copper-60 1,000 Arsenic-78 1,000
Copper-61 1,000 Selenium-70 1,000
Copper-64 1,000 Selenium-73m 1,000
Copper-67 1,000 Selenium-73 100
Zinc-62 100 Selenium-75 100
Zinc-63 1,000 Selenium-79 100
Zinc-65 10 Selenium-81m 1,000
Zinc-69m 100 Selenium-81 1,000
Zinc-69 1,000 Selenium-83 1,000
Zinc-71m 1,000 Bromine-74m 1,000
Zinc-72 100 Bromine-74 1,000
Gallium-65 1,000 Bromine-75 1,000
Gallium-66 100 Bromine-76 100
Gallium-67 1,000 Bromine-77 1,000
Gallium-68 1,000 Bromine-80m 1,000
Gallium-70 1,000 Bromine-80 1,000
Gallium-72 100 Bromine-82 100
Gallium-73 1,000 Bromine-83 1,000
Germanium-66 1,000 Bromine-84 1,000
Germanium-67 1,000 Krypton-74 1,000
Germanium-68 10 Krypton-76 1,000
Germanium-69 1,000 Krypton-77 1,000
Germanium-71 1,000 Krypton-79 1,000
Germanium-75 , 1,000 Krypton-81 1,000
Germanium-77 1,000° Krypton-83m 1,000
Germanium-78 1,000 Krypton-85m 1,000
Arsenic-69 1,000 Krypton-85 1,000
Arsenic-70 1,000 Krypton-87 1,000
Arsenic-71 100 Krypton-88 1,000
Arsenic-72 100 Rubidium-79 1,000
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Rubidium-81m 1,000 Rubidium-81 1,000

376



- QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)

Radionuclide Quantity Radionuclide Quantity

e (uCihY ‘ (uCi)
Note: To convert uCi to kBq, multiply the uCi value by 37.
Rubidium-82m 1,000 Niobium-88 \ 1,000 , ..
Rubidium-83 100 Niobium-89m (66 min) 11,000,
Rubidium-84 100 , Niobium-89 (122 min) -.1,000
Rubidium-86 <+ 100 ‘ Niobium-90 100
Rubidium-87 100 ' Niobium-93m . 10
Rubidium-88 1,000 Niobium-94 . 1.
Rubidium-89 1,000 Niobium-95m 100 o
Strontium-80 100 ) Niobium-95 100
Strontium-81 1,000 Niobium-96 100_
Strontium-83 100 ’ Niobium-97 : 1,000
Strontium-85m 1,000 - Niobium-98 1,000
Strontium-85 100 Molybdenum-90 100 .
Strontium-87m 1,000 ) Molybdenum-93m 100 |
Strontium-89 10 ' Molybdenum-93 10 .
Strontium-90 0.1 Molybdenum-99, 100 ., <
Strontium-91 100 Molybdenum-101, 1,000
Strontium-92 100 Technetium-93m 1,000
Yttrium-86m 1,000 o Technetium-93 1,000 . -
Yttrium-86 100 Technetium-94m 1,000
Yttrium-87 100 ' Technetium-94 . 1,000 .
Yttrium-88 10 : Technetium-96m 1,000 P
Yttrium-90m 1,000 Technetium-96 L 100 .
Yttrium-90 10 . Technetium-97m ™ 100
Yttrium-91m' 1,000 ’ Technetium-97 1,000 .
Yttrium-91 10 - Technetium-98 | 10 ...
Yittrium-92 100 A Technetium-99m | 1,000 .
Yitrium-93.." 100 ‘ Technetium-99 . 100 ..
Yttrium-94 1,000 - Technetium-101 | 1,000
Yttrium-95 - » 1,000 - : Technetium-104 1,000
Zirconium-86 100 - Ruthenium-94 = 1,000
Zirconjum-88 10 S Ruthenium-97 . 1,000 .
Zirconium-89 100 L Ruthenium-103 100 °
Zirconium-93 1 - Ruthenium-105 | ,1,000
Zirconium-95 10 Ruthenium-106 |
Zirconium-97- © - 100 ' : Rhodium-99m 1,000 .
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QUANTITIES OF, LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)
Radionuclide Quantity Radionuclide Quantity
(uCi) , (uCi)Y
Note: To convert uCi to kBq, multiply the uCi value by 37. i
Rhodium-99 100 Cadmium-117 1,000
Rhodium-100 100 Indium-109 1,000
Rhodium-101m 1,000 , Indium-110 (69.1 min) 1,000 -
Rhodium-101 10 Indium-110 (4.9 h) 1,000
Rhodium-102m 10 Indium-111 100,
Rhodium-102 10 B ’ Indium-112 - 1,000
Rhodium-103m ,ooo .. Indium-113m 1,000
Rhodium-105 100 Indium-114m 10
Rhodium-106m 1,000 ’ Indium-115m 1,000
Rhodium-107 1,000 ) Indium-115 100
Palladium-100 o0 Indium-116m 1,000 -
Palladium-101 1,000 Indium-117m 1,000
Palladium-103 100 Indium-117 1,000
Palladium-107 10 Indium-119m 1,000
Palladium-109 100 Tin-110 100
Silver-102 1,000 ] Tin-111 1,000
Silver-103 1,000 Tin-113 100
Silver-104m 1,000 Tin-117m 100
Silver-104 1,000 Tin-119m 100 -
Silver-105 100 Tin-121m 100
Silver-106m 100 Tin-121 1,000
Silver-106 1,000 Tin-123m 1,000
Silver-108m 1 Tin-123 10
Silver-110m 10 Tin-125 10
Silver-111 100 s Tin-126 10
Silver-112 _ 100 Tin-127 1,000
Silver-115 1,000 Tin-128 1,000
Cadmium-104 1,000 Antimony-115 1,000
Cadmium-107 1,000 ‘ Antimony-116m 1,000
Cadmium-109 1 . Antimony-116 1,000 s
Cadmium-113m 0.1 Antimony-117 1,000 .~
Cadmium-113 100 . Antimony-118m 1,000
Cadmium-115m 10 ’ Antimony-119 1,000
Cadmium-115 100 Antimony-120 (16 min) 1,000
Cadmium-117m 1,000 Antimony-120 (5.76 d) 100
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING
'(In Atomic Number Order)

(Continued)

Radionuclide Quantity ‘ Radionuclide o Quahtity

‘ (uCi) - . (uCHY

Note: To convert uCi to kBq, multiply the uCi value by 37. - S - - S

Antimony-122 100 Iodine-128 1,000
Antimony-124m 1,000 - : Todine-129 1 :
Antimony-124 10 : Iodine-130 10
Antimony-125 100 Todine-131 1 ‘
Antimony-126m 1,000 Iodine-132m ' 100
Antimony-126 100 Todine-132 : 100
Antimony-127 100 Iodine-133 0.
Antimony-128 (10.4 min) 1,000 - Todine-134 : " 1,000
Antimony-128 (9.01 h) 100 , Todine-135 100
Antimony-129 100 , Xenon-120 _ 1,000
Antimony-130 1,000 o Xenon-121 1,000
Antimony-131 1,000 Xenon-122 ’ 1,000
Tellurium-116 1,000 . Xenon-123 ) 1,000 C
Tellurium-121m 10 Xenon-125 1,000 "7
Tellurium-121 100 Xenon-127 1 ,000 )
Tellurium-123m 10 Xenon-129m 1,000
Tellurium-123 100 - Xenon-131m 1,000 |
Tellurium-125m 10 ' Xenon-133m 1,000
Tellurtum-127m 10 ) Xenon-133 ' "1,000 -
Tellurium-127 1,000 Xenon-135m , 1,000
Tellurium-129m 10 . Xenon-135 ‘ 1,000~
Tellurium-129 1,000 T Xenon-138 1,000
Tellurium-131m 10 Cesium-125 . 1,000
Tellurium-131 100 . coT Cesium-127 : 1,000,
Tellurium-132 10 o Cesium-129 '~ 1,000 -
Telluri_u_r_p-]_§3m 100 T Cesium-130 1,000
Tellurium-133 1,000 - Cesium-131 o 1,000
Tellurium-134 ,1,000 - - - Cesium-132 100
Iodine-120m 1,000° Cesium-134m . 1,000
Todine-120 - 100 S Cesium-134 - 10
Iodine-121 . 1,000 - . : Cesium-135m ' " 1,000
Iodine-123 100 Cesium-135 _ ~ 100
Iodine-124 10 I Cesium-136 : ©oo10
Iodine-125 1 Cor Cesium-137 .10
Todine-126 . 1 ) A Cesium-138 ' “1,000
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)

Radionuclide Quantity Radionuclide Quantity

' (uCi) (uCi¥

NOTE: To convert uCi to kBq, multiply the uCi value by 37. .

Barium-126 1,000 . Praseodymium-144 1,000
Bartum-128 100 Praseodymium-145 100
Barium-131m 1,000 Praseodymium-147 1,000
Barium-131 100 Neodymium-136 1,000 -
Barium-133m 100 Neodymium-138 100
Barium-133 100 Neodymium-139m 1,000
Barium-135m 100 Neodymium-139 1,000
Barium-139 1,000 Neodymium-141 1,000
Barium-140 100 » Neodymium-147 100
Barium-141 1,000 Neodymium-149 1,000
Barium-142 1,000 Neodymium-151 1,000
Lanthanum-131 1,000 Promethium-141 1,000
Lanthanum-132 100 : Promethium-143 100
Lanthanum-135 1,000 Promethium-144 : 10
Lanthanum-137 10 Promethium-145 10
Lanthanum-138 100 Promethium-146 1
Lanthanum-140 100 | Promethium-147 10
Lanthanum-141 100 Promethium-148m 10
Lanthanum-142 1,000 Promethium-148 - 10.
Lanthanum-143 1,000 | Promethium-149 100
Cerium-134 100 Promethium-150 1,000
Cerium-135 100 Promethium-151 100
Certum-137m 100 Samarium-141m 1,000 :
Cerium-137 1,000 Samarium-141 1,000 -
Cerium-139 100 Samarium-142 ., 1,000
Cerium-141 100 Samarium-145 100
Cerium-143 ° 100 Samarium-146 1
Cerium-144 ; 1 Samarium-147 100
Praseodymium-136 1,000 Samarium-151 10
Praseodymium-137 1,000 Samarium-153 100
Praseodymium-138m 1,000 Samarium-155 1,000
Praseodymium-139 1,000 Samarium-156 : 1,000
Praseodymium-142m 1,000 Europium-145 100
Praseodymium-142 100 Europium-146 100
Praseodymium-143 100 Europium-147 100 v
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)
Radionuclide Quantity Radionuclide Quantity
(uCi) ) . (uCi)Y

Note: To convert uCi to kBq, multiply the uCi value by 37. - - - -
Europium-148 10 - Dysprosium-157 1,000,
Europium-149 100 Dysprosium-159 100
Europium-150 (12.62h) 100 Dysprosium-165 1,000 R
Europium-150 (342y) 1 o . Dysprosium-166 100
Europium-152m 100 - Holmium-155 1,000
Europium-152 1 o ' Holmium-157 1,000
Europium-154 1 ’ Holmium-159 1,000
Europium-155 10 ' Holmium-161 * 1,000
Europium-156 100 - Holmium-162m . 1,000
Europium-157 100 L Holmium-162 1,000 |
Europium-158 1,000 Holmium-164m 1,000 |
Gadolinium-145 1,000 Holmium-164 1,000
Gadolinium-146 10 ‘ Holmium-166m 1.
Gadolinium-147 100 - " - Holmium-166 ' 100
Gadolinium-148 0.001 - Holmium-167 1,000 °
Gadolinium-149 100 Erbium-161 o 1,000
Gadolinium-151 10 o Erbium-165 1,000
Gadolinium-152 100 Erbium-169 \ 100
Gadolinium-153 10 ' - Erbium-171 : 100"
Gadolinium-159 +100° S Erbium-172 100,
Terbium-147 1,000 T Thulium-162 1,000 .
Terbium-149 100 - : Thulium-166 100 -
Terbium-150 - 1,000 o Thulium-167 100
Terbium-151:. 100 ' } Thulium-170 ] 10 ;.
Terbium-153 1,000 - Thulium-171 L 10 .
Terbium-154 100 5 Thulium-172 100, .
Terbium-155 1,000 ) S Thulium-173 - ) 100 ~
Terbium-156m (5.0h) .1,000 . o Thulium-175 ~° ° 1,000 :
Terbium-156m (24.4h) 1,000 - - Ytterbium-162 ¥ ° 1,000 "
Terbium-156 . 100 - ‘ Ytterbium-166 =~ 100
Terbium-157 . 10 S e Ytterbium-167 ¢ 1,000 .
Terbium-158 1 e e Ytterbium-169 .~ ° 100, T
Terbium-160 10 - = Ytterbium-175 | ° 100
Terbium-161 100 - "o Ytterbium-177 : 1,000 - -
Dysprosium-155 1,000 o Ytterbium-178 1,000
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In 'Atomic Number Order)
(Continued)
Radionuclide Quantity Radionuclide Quantity
(uCi) uCi)¥
Note: To convert uCi to kBq, multiply the uCi value by 37.
Lutetium-169 100 Tantalum-180m 1,000
Lutetium-170 100 . Tantalum-180 100
Lutetium-171 100 Tantalum-182mr 1,000
Lutetium-172 100, ) Tantalum-182 10
Lutetium-173 10 ‘ Tantalum-183 . | 100
Lutetium-174m 10 Tantalum-184 100
Lutetium-174 10 Tantalum-185 1,000 -
Lutetium-176m 1,000 Tantalum-186 1,000 - .
Lutetium-176 100 Tungsten-176 1,000
Lutetium-177m 10 Tungsten-177 1,000
Lutetium-177 100 Tungsten-178 1,000
Lutetium-178m 1,000 Tungsten-179 1,000
Lutetium-178 1,000, Tungsten-181 1,000
Lutetium-179 1,000 ’ Tungsten-185 100 ‘
Hafnium-170 100 Tungsten-187 100 -
Hafnium-172 1 . Tungsten-188 10
Hafnium-173 1,000 Rhenium-177 1,000
Hafnium-175 100 . Rhenium-178 : 1,000
Hafnium-177m 1,000 Rhenium-181 1,000
Hafnium-178m 0.1 Rhenium-182 (12.7 h) 1,000
Hafnium-179m 10 Rhenium-182 (64.0 h) 100
Hafnium-180m 1,000 Rhenium-184m . 10
Hafnium-181 10 Rhenium-184 100
Hafnium-182m 1,000 Rhenium-186m 10
Hafnium-182 0.1 Rhenium-186 100
Hafnium-183 1,000 , Rhenium-187 1,000
Hafnium-184 100 Rhenium-188m 1,000
Tantalum-172 . . 1,000 Rhenium-188 : 100
Tantalum-173 1,000 - Rhenium-189 100
Tantalum-174 1,000 Osmium-180 1,000
Tantalum-175 1,000 Osmium-181 1,000
Tantalum-176 100 Osmium-182 100
Tantalum-177 1,000 , Osmium-185 100
Tantalum-178 1,000 Osmium-189m 1,000
Tantalum-179 100 Osmium-191m 1,000
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‘QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)
. T L
Radionuclide Quantity Radionuclide Quantity
(uCi) (uCi)

Note: To convert uCi to kBq, multiply the uCi value by 37. - - - -~ - -
Osmium-191 100 Gold-200m 100
Osmium-193 100 ] Gold-200 1,000
Osmium-194 1 . Tt Gold-201 1,000
Iridium-182" 1,000 ¢ Mercury-193m 100 g
Iridium-184 ° 1,000 Mercury-193 1,000. = -
Iridium-185 - 1,000 Mercury-194 1.
Iridium-186 : 100 Mercury-195m . 100 .
Iridium-187 1,000 : Mercury-195 ‘ 1,000
Iridium-188 : 100 . ' Mercury-197m 100
Iridium-189 100 o Mercury-197 1,000 ., .
Iridium-190m 1,000 Mercury-199m 1,000 . ;
Iridium-190 100 - f Mercury-203 100
Iridium-192m (1.4 min) 10 R Thallium-194m 1,000 .
Iridium-192 (73.8 d) 1 - - Thallium-194 1,000
Irndium-194m 10 ' Thallium-195 1,000
Iridium-194 100 Thallium-197 1,000 °
Iridium-195m 1,000 Thallium-198m 1,000
Iridium-195 1,000 . - 7 Thallium-198 1,000
Platinum-186 1,000 - i) Thallium-199 1,000 |
Platinum-188 100 * Thallium-201 1,000. "
Platinum-189 1,000 ‘ Thallium-200 1,000 ' ..
Platinum-191° 100 Thallium-202 100
Platinum-193m 100 Thallium-204 100 °°
Platinum-193 . 1,000 Lead-195m 1,000
Platinum-195m 100 Lead-198 1,000 .
Platinum-197m 1,000 - T 2 Lead-199 1,000 |
Platinum-197 100 o Lead-200 100
Platinum-199 ! .1,000 v Lead-201 1,000
Platinum-200 100 ‘ Lead-202m 1,000. *
Gold-193 1,000 Lead-202 10,
Gold-194 100 Lead-203 1,000 ,
Gold-195 10 - - Lead-205 . 100
Gold-198m 100 : " Lead-209 1,000
Gold-198 - 100 - BN Lead-210 0.01.
Gold-199 100 "Fs oo Lead-211 100
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
( Contmued)
Radionuclide Quantity Radionuclide Quantity
(uCi) (uCi)
Note: To convert uCi to kBq, multiply the uCi value by 37. C
Lead-212 1 Thorium-226 10
Lead-214 100 y Thorium-227 ~ 0.01
Bismuth-200 1,000 Thorium-228 0.001
Bismuth-201 1,000 : Thorium-229 0.001
Bismuth-202 1,000 Thorium-230 0.001 -
Bismuth-203 100 Thorium-231 . 100
Bismuth-205 100 Thorium-232 100
Bismuth-206 100 . Thorium-234 10.
Bismuth-207 10 o Thorium- natural : 100
Bismuth-210m 0.1 T Protactinium-227 10
Bismuth-210 1 Protactinium-228 1
Bismuth-212 10 ) Protactinium-230 0.1
Bismuth-213 10 Protactinium-231 0.001
Bismuth-214 100 .. Protactinium-232 1 .
Polonium-203 1,000 . Protactinium-233 100 o
Polonium-205 1,000 Protactinium-234 100 -
Polonium-207 1,000 Uranium-230 . 0.01
Polonium-210 0.1 Uranium-231 100
Astatine-207 100 Uranium-232 ‘ 0.001
Astatine-211 10 < Uranium-233 0.001
Radon-220 1 Lo Uranium-234 0.001
Radon-222 1 ' ‘ Uranium-235 0.001
Francium-222 100 ’ ‘ Uranium-236 : 0.001
Francium-223 100 . Uranium-237 100
Radium-223 0.1 . Uranium-238 100
Radium-224, 0.1 Uranium-239 -, 1,000
Radium-225 0.1 ) Uranium-240 100
Radium-226 . 01 Uranium-natural. . 100
Radium-227 1,000 - . Neptunium-232 100
Radium-228 0.1 Neptunium-233 . 1,000
Actinium-224 1 Neptunium-234 100
Actinium-225 0.01 Neptunium-235 100
Actinium-226 0.1 Neptunium-236 (1.15E+5y)  0.001
Actinium-227 0.001 - Neptunium-236 (22.5 h) 1 L
Actinium-228 1 Neptunium-237 0.001
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued)
Radionuclide Quantity - Radionuclide Quantity ~ -’
: ~__(uCi) L So@Ci -
Note: To convert uCi to kBq, multiply the uCi value by 37. b
Neptunium-238 10 - Berkelium-245 100
Neptunium-239 100 . Berkelium-246 100
Neptunium-240 -+ 1,000 Berkelium-247 0.001
Plutonium-234 - 10 Berkelium-249 0.1 =
Plutonium-235 1,000 Berkelium-250 10 B
Plutonium-236 0.001 = - Californium-244 100 ©°
Plutonium-237 - 100 Californium-246 1
Plutonium-238 0.001 Californium-248 0.01
Plutonium-239 0.001 Californium-249 0.001 .
Plutonium-240 - - 0.001 © + ° Califonium-250 ° 0001 . '
Plutonium-241 - - 0.01 B Californium-251 -~ 0001 .
Plutonium-242 ‘ ~.0.001 ’ o Californium-252 - 0.001 . 0
Plutonium-243 1,000 Californium-253 0.1
Plutonium-244 0.001 Californium-254 - 0.001
Plutonium-245: + :" 100 Einsteinium-250 ~ ° 100
Americium-237 1,000 . Einsteinjum-251 .. 100 , - .
Americium-238 100 "' .. " . CEinsteinium-253,. . 0. :
Americium-239 1,000 ‘Einsteinium-254m 1
Americium-240 100 Einsteinium-254 0.01
Americium-241 0.001 Fermium-252 1
Americium-242m 0.001 Fermium-253 1
Americium-242 10 Fermium-254 10
Americium-243 0.001 Fermium-255 1
Americium-244m 100 Fermium-257 0.01
Americium-244 10 Mendelevium-257 10
Americinm-245 1,000 Mendelevium-258 0.01
Americium-246m 1,000
Americium-246 . . 1,000
Curium-238 100
Curium-240 0.1
Curium-241 1
Curium-242 0.01 .
Curium-243 0.001
Curium-244 0.001
Curium-245 0.001
Curium-246 0.001
Curium-247 0.001
Curium-248 - 0.001
Curium-249 1,000
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QUANTITIES OF LICENSED OR REGISTERED MATERIAL REQUIRING LABELING

(In Atomic Number Order)
(Continued) N
Radionuclide Quantity Radionuclide Quantity
» (uCi) : (uCi)?

Note: To convert uCi to kBq, multiply the uCi value by 37. *
Any alpha-emitting Any radionuclide
radionuclide not other than alpha-
listed above or emitting radionuclides
mixtures of alpha - not listed above, or
emitters of unknown A mixtures of beta
composition 0.001 emitters of unknown

composition 0.01

]

Note: For purposes of s. HFS 157.29 (1) (e), (5) (a) and s. HFS 157.32 (1) (a) where there is involved a combination
of radionuclides in known amounts, the limit for the combination shall be derived as follows: determine, for each
radionuclide in the combination, the ratio between the quantity present in the combination and the limit otherwise
established for the specific radionuclide when not in combination. The sum of such ratios for all radionuclides in the
combination may not exceed "1" -- that is, unity.
Note: The quantities listed above were derived by taking 1/10th of the most restrictive ALI listed in Table I, Columns
1 and 2, of Appendix E, rounding to the nearest factor of 10 and constraining the values listed between 37 Bq and 37 ,
MBq (0.001 and 1,000 uC1). Values of 3.7 MBq (100 uCi) have been assigned for radionuclides having a radioactive A
half-Iife in excess of E+9 years, except rhenium, 37 MBq (1,000 pCy), to take into account their low specific activity.
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APPENDIX G !

- REQUIREMENTS FOR TRANSFER OF LOW-LEVEL RADIOACTIVE WASTE
FOR DISPOSAL AT LAND DISPOSAL FACILITIES AND MANIFESTS

§

Section I. - Manifest.

The shipment manifest shall contain the name, address and telephoné iumber of the person
generating the waste. The manifest shall also include the nani€, address and teléphone number or
the name and the Environmental Protection Department hazardous waste identification number of
the person transporting the waste to the land disposal facility. The manifest shall also indicate: a
physical description of the waste, the volume, radionuclide identity and quantity; the total
radioactivity and the principal chemical form. The solidification agent shall be specified. Waste
containing more than 0.1 percent chelating agents by weight shall be identified and the weight
percentage of the chelating agent estimated. Wastes classified as Class A, Class B or Class C in
Section I of Appendix H shall be clearly identified as such in the manifest. The total quantity of the
radionuclides hydrogen-3, carbon-14, technetium-99, and iodine-129 shall be shO\;vn._ The manifest
required by this paragraph may be shipping papers used to meet the Department of Transportation
or the Environmental Protection Department regulations or requirements of the receiver, provided
all the required information is included. - Copies of manifests required by this'section may be legible
carbon copies or legible photocopies.” - - - - S " '

Section I1.' - Certification.

The waste generator shall include in the shipment mahifest a certification that the transported
materials are properly classified, described, packaged; marked and labeled and are in proper
condition for transportation according to the applicable regulations of the Department.of
Transportation and the department. An authorized representative of the waste'generator shall sign
and date the manifest. :

Section III. - Control and Tracking. - st

(a).. .Any radioactive waste generator who transfers radioactive waste to a'land disposal facility
‘or a licensed waste collector shall comply with the requirements in (a)(1) through (8). Any
radioactive waste generator who trarisfers waste to a licensed waste processor who treats or
repackages waste shall comply with the réquirements of (a)(4) through (8)." A licensee shall:

(1)  Prepare all wastes so that the waste is classified according to Seéfién I of Appendix
H and meets the waste characteristics requirements in Section II of Appendix H;

2) Label each package of waste to identify whether it is Class A waste, Class B waste or
Class C waste under Section I of Appendix H; * ‘ s

(3)_ .- Conduct a quality control program toensure ,com)pliapce with Section Is:fmd Il of
Appendix H; the program shall include management evaluation of audits;
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(®)

©)

(4)
)

(©)
Q)

l

(8)

Prepare shipping manifests to meet the requirements of Section I and II;

Forward a copy of the manifest to the intended recipient, at the time of shipment, or ~
deliver to a collector at the time the waste is collected, obtaining acknowledgment of

recéipt in the form of a signed copy of the manifest or equivalent documentation

from the collector;

Include one copy of the manifest with the shipment;

Retain a copy of the manifest and documentation of acknowledgment of receipt as
the record of tfansfer of licensed material as required by s. HFS 157.13 (15); and -

For én§ shiplhehts or any portion of a shipment for which acknowledgment of
réceipt has not been received within the times set forth in this section, conduct an
investigation under Section IIL (e). .

Any waste collector lic{en_see who handles only prepacftaged waste shall:

)

)

3

4

() .

(6)

Acknowledge fecei.pt"of the waste from the generator within 1 week of receipt by
returning a signed copy of the manifest or equivalent documentation; :

Prepare a new méﬁi_fgég to reflect consolidated shipments; the new manifest shall -

serve as a listing or index for the detailed generator manifests. Copies of the

generator manifests shall be a part of the new manifest. The waste collector may

prepare a new manifest without attaching the generator manifests, provided the new Y
manifest contains for each package the information specified in Section I. The

collector licensee shall certify that nothing has been done to the waste that would

“invalidate the generator's certification;

Forward a coi)y of the new manifest to the land disposal facility operator at the time -
of shipment;

Include the new manifest with the shipment to the disposal site;

Retain a copy of the manifest and documentation of acknowledgement of receipt as’
the record of transfer of licensed material as required by s. HFS 157.13 (15) and
retain information from generator manifest until the license is terminated and
disposition is authorized by the department; and

For any shipments or any portion of a shipment for which acknowledgement of
receipt is not received within the times set forth in this section, conduct an
investigation under Section IIL (e).

Any licensed waste processor who treats or repackages wastes shall:

(1)

Acknowledge receipt of the waste from the generator within 1 week of receipt by
returning a signed copy of the manifest or equivalent documentation;
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(e)

03]

: <(3)

@)

&)

(©)

@

®

®

Prepare a new manifest that meets the requir;:hlénts of Section I and II. Preparation
of the new manifest reflects that the processor is résponsible for the waste;

- .'Prepare all wastes so that the waste is classified zig(;ording to Section Tof Appendix
H and meets the waste characteristics requirements in Section II of Appendix H;

i < t

Label each package of waste to identify whether it is Class'A wagte; Class B waste or
Class C waste, under Section I and III of Appendix H;

Conduct a quality control program to ensure compliance with Section I and II of
Appendix H. The program shall include management evaluation of audits;

Forward a copy of the new manifest to the disposal site operator or waste collector at
the time of shipment, or deliver to a collector at the time the waste is collected,
obtaining acknowledgement of receipt in the form of a signed copy of the manifest
or equivalent documentation by the collector;

Include the new manifest with the shipment;

Retain copies of original manifests and new manifests and documentation of
acknowledgement of receipt as the record of transfer of licensed material required by
s. HFS 157.13 (15);

For any shipment or portion of a shipment for which acknowledgement is not
received within the times set forth in this section, conduct an investi gation under
Section IIL(e). -

The land disposal facility operator shall:

)

)

3

Acknowledge receipt of the waste within 1 week of receipt by returning a signed
copy of the manifest or equivalent documentation to the shipper. The shipper to be
notified is the licensee who last possessed the waste and transferred the waste to the
operator. The returned copy of the manifest or equivalent documentation shall
indicate any discrepancies between materials listed on the manifest and materials
received;

Maintain copies of all completed manifests or equivalent documentation until license
termination;

Notify the shipper, that is, the generator, the collector, or processor, and the
department when any shipment or portion of a shipment has not arrived within 60
days after the advance manifest was received unless notified by the shipper that the
shipment has been cancelled.

Any shipment or portion of a shipment for which acknowledgement is not received within
the times set forth in this section shall:
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1) Be investigated by the shipper if the shipper has not received notification or
receipt W1thm 20 days after transfer;

(2) . Betraced and reported to the generator. The investigation shall include
tracing the shlpment and filing a report with the department. Each shipper who
conducts a trace investi gat10n shall file a written report with the department within 2
weeks of completion of the investigation. ,
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APPENDIX H

“CLASSIFICATION AND CHARACTERISTICS OF LO\V-LEVEL
RADIOACTIVE WASTE

SectionI. - Classification of Radioactive Waste for Land Disposal.

(b

(c)

" “meet both the minimum and stablhty requlrements set forth in Sectlon II

Considerations. Determination of the classification of radioactive waste involves 2
considerations. First, consideration must be given to the concentration of long-lived
radionuclides, and their shorter-lived precursors, whose potential hazard will persist long

" after such precautions as institutional controls, improved waste form, and deeper disposal

have ceased to be effective. These precautions delay the time when Iong-hved radionuclides

" could cause exposures. In addition, the magnitude of the potential dose is limited by the

concentration and ava1]ab1]1ty of the radionuclide at the time of exposure. Second,
consideration must be given to the concentration of shorter-lived radionuclides for which
requirements on institutional controls, waste form, and disposal methods are effective.

s

Classes of waste.

t - ' E

)] Class A waste is waste that is usually segregated from other waste classes at the
dlsposal site. The physical form and characteristics of Class A waste must meet the
minimum requirements set forth in Section IL.(a). If Class A waste also meets the stability
requirements set forth in Section I1.(b), it is not necessary to segregate the waste for
disposal. S

-

(2) Class B waste is waste that must meet more rigorous requirements on waste form to
ensure stability after disposal. The physical form and characteristics of Class B waste must

T

‘ (3) Class C waste is waste that not only must meet more rigorous requirements on waste

form to ensure stability but also requires additional measures at the disposal facility to
protect against inadvertent intrusion. The physical form and characteristics of Class C waste

.must meet both the minimum and stablhty requlrements set forth in Sectlon II

ﬁ.\ 1

' ‘(4) Wastc that.is generally acceptable for near-surface dlsposal is waste for Wh]Ch form

and dlsposal methods shall be different, and in general more stringent, than those specified
for Class C Wwaste. s Such waste must be disposed of in a geologic reposititor as defined in 10
CFR 60.

Cla551ﬁcatxon determmed by loog-hved radionuclides. If the radioactive waste contains
- only radionuclides listed in Table IV, c]assﬁicatlon shall be detexmmed as follows -

AN

. . e .~ e -7 H
TVt N o FINN

(1)  Ifthe concentration does not exceed 0.1 tlmes the value in Table IV the waste is
Class A. . R
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el

If the concentration exceeds 0.1 times the value in Table IV, but does not exceed the
value in Table IV, the waste is Class C.

If the concentration exceeds the value in Table IV, the waste is not generally
acceptable for land disposal.

For wastes containing mixtures of radionuclides listed in Table IV, the total
concentration shall be determined by the sum of fractions rule described in Section:

L(g).

TABLEIV

. . . Concentration-
Radionuclide . . Curie/Cubic Meter? Nanocurie/Gram®
c-14 .. . . 8
C-14 in activated metal - 80
Ni-59 in activated metal 220
Nb-94 in activated metal 0.2
Tc-99 3
I-129 0.08
Alpha emitting transuranic '
radionuclides with half-
life greater than 5- '
years 1 . 100
Pu-241 3,500
Cm-242 20,000

Ra-226 © 100

.o
\

Classification determined by short-lived radionuclides. If the waste does not contain any of

o To convert the Ci/m’ values to gigabecquerel (GBq) per cubic meter, multiply the Cu/m’ value by 37.
3 < R
Y To convert the nCi/g values to becquerel (Bq) per gram, multiply the nCi/g value by 37.

y

the radionuclides listed in, Table' IV, classification shall be determined based on the .
concentrations shown in Table V. However, as specified in Section L(f), if radioactive
waste does not contain any nuclides listed in €ither Table IV or V, it is Class A.

1)
2)

3)

If the concentration does not exceed the value in Column 1, the waste is Class A.

If the concentration exceeds the value in Column'1 but'does not exceed the value in
Column 2, the waste is Class B.

If the concent;ation exceeds the value in Column 2 but does not exceed the value in
Column 3, the waste is Class C.
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. 4) If the concentratlon exceeds the value in Column 3, the waste is not genera]ly

acceptable for near—surface dlsposal T . Co
.2 5) For wastes contammg mlxtures of the radlonuclldes hsted m Table V the total
. - concentration shall be determmed by the sum of fractlons ru]e descnbed in Section
ST I(g) e S Lo
) ;'- ' ) : | . _— L PP e
ot ' 'TABLEV ~ )
Radionuclide ) (;ouceutratiqn ) Cune/Cuulc Meter Ny
T " '~ Column1 - ~ Column 2 Column 3
P Total of all radio= * " ¥ S
€' 7 nuclides with less - . . S
' - than 5° yearha]fhfe o 7000, 0 F o L, R
i H-3 ~ i 40 © * $, .. Tl ::'12’*
Co-60 700 * *
Ni-63 3.5 . . 70. - . 700
Ni-63 in activated metal 35 700 T 7000
Sr-90 0.04 . 150 7000 .

| Cs-137 ° ’ 1 44 4600

<

Noie To convert the Ci/m’ value to gxgabecquerel (GBg) per cubic meter, multiply the Ci/m’ value by
5 37. There are ho limits established for these' radzonuchdes in Class Bor C wastes. Practical
.. ". . - considerations such as the effects of external radiation'and internal heat generation on transportation,
handlmg -and disposal will limit the concentrations for these wastes. These wastes shall be Class B unless
" thé concentrations of other radionuclides in Table V determine the waste to be Class C independent of
these radionuclides.

. s [l - [ - . .
.. . P . . DS .
i .t L e

B

(e) Classification determined by both long- and short-lived radionuclides. If the radioactive
waste contains a mixture of radionuclides, some of which are hsted in Table IV and some of
wh1ch are listed in Table V, classification shall be determined as' follows:

L (1) + Ifthe concentration ofa radlonuchde llsted 1n Table IV! does not exceed 0.1 tlmes the

©-" " I value listed in Tahle TV, thé class shall be that détérmined by the concentratlon of
radionuclides listed in Table V.

"(2) ' Ifthe concentration of a radxonuchde hsted in Table IV exceeds O 1 tlmes the value
' -listed in Table IV, but does not exceed the value in Table IV, the waste shall be Class
C, provided the concentration of rad1onuc]1des listed in Table V does not exceed the

P LR PR S

-~ value shown in Column 3 of Table \'A S - -

> - St e 7 Ve Lo [
SRS S N : :

@ C]assxﬁcatlon of wastes with radioriiclides other than those hsted in Tables IV and V. If the
waste does not contain any radionuclides listed in either Table IV or V, it is Class A..
P vt o TE LT ) . Lo -

L N - . , T

- . o F e ' ¢ 3
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(2

(h)

The sum of the fractions rule for mixtures of radionuclides. For determining classification

for waste that contains a mixture of radionuclides; it is necessary to determine the sum of
fractions by dividing each radioniclide's concentration by the appropriate limit and adding
the resulting values. The appropriate limits must all be taken from the same column of the
same table. The sum of the fractions for the column must be less than 1.0 if the waste class
is to be determined by that column.’ Example: A waste contains Sr-90 in a concentration of
1.85 TBg/m’ (50 Ci/m”) and Cs-137 in a concentration of 814 GBg/m® (22 Ci/m’). Since
the concentrations both exceed the values in Column 1, Table V, they must be compared to
Column 2 values. For Sr-90 fraction, 50/150 = 0.33., for Cs-137 fraction, 22/44 = 0.5; the
sum of the fractions = 0.83. Since the sum is less than 1.0, the waste is Class B.

Determination of concentrations in wastes. The concentration of a radionuclide may be
determined by indirect methods such as use of scaling factors which relate the inferred
concentration of one radionuclide to another that is measured, or radionuclide material
accountability, if there is reasonable assurance that the indirect methods can be correlated
with actual measurements. The concentration of a radionuclide; may be averaged over the
volume of the waste, or weight of the waste if the units are expressed as becquerel
(nanocurie) per gram.

Section II. - Radioactive Waste Characteristics.

(2)

The following are minimum requirements for all classes of waste and are intended to
facilitate handling and provide protection of health and safety of personnel at the disposal
site.

(D) Wastes shall be packa‘g‘e‘dﬁin conf(;n‘ﬁahce‘wi(h the conditions of the license issued to

the site operator to which the waste will be shipped. Where the conditions of the site
license are more restrictive than the provisions of this section, the site license
conditions shall govem. -~ * -+

2) Wastes may not be packaged for disposal in cardboard or fiberboard boxes.
3) Liqqid\iya’site,a”s‘héll be paEﬁégea’in sufficient dﬁsQrbeni ﬁ;aterial to absorb twice the
’ volume of the liquid,

St i

@) Solid waste containing liquid shall contain as little free-standing and non-corrosive

liquid as is.feasonably acpjeyablé,.but in no case shall the liquid exceed 1 percent of
the volume. ° T

(3)  Waste may not be readily capable of detonation or of explosive decomposition or
reaction at normal pressures and temperatures, or of explosive reaction with water.

©6) Waste iha")_' not contain, or béxcapai)'i.é of generdting,'dliantities of toxic gases, vapors,
or fumes harmful to persons transporting, handling, or disposing of the waste. This
does not apply to radioactive gaseous waste packaged under Section II.(a)(8).

(7)  Waste must not be pyrophoric. rPyrof)'horic materials contained in wastes shall be
treated, prepared, and packaged to be nonflammable.
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8) Wastes in a gaseous form shall be packaged at an absolute pressure that does not
’ exceed 1.5 atmospheres at 20°C. Total activity may not exceed 3.7 TBq (100 Ci) per
container. T )

9) Wastes containing hazardous, biological, pathogenic, or infectious material shall be
' treated to reduce to the maximum extent practicable the potential hazard from the
non-radiological materials.

(b) The following requirements are intended to provide stability of the waste. Stability is
intended to ensure that the waste does not degrade and affect overall stability of the site
through slumping, collapse, or other failure of the disposal unit and thereby lead to water
infiltration. Stability is also a factor in limiting exposure to an inadvertent intruder, since it
provides a recognizable and nondispersible waste. '

1)¢  Waste shall have structural stability. A structurally stable waste form will genérqlly ,
maintain its physical dimensions and its form, under the expected disposal conditions
such as weight of overburden and compaction equipment, the presence of moisture,
and microbial activity, and internal factors such as radiation effects and chemical
changes. Structural stability may be provided by the waste form itself, processing
the waste to a stable form, or placing the waste in a disposal container or structure
that provides stability after disposal. -

2) . Notwithstanding the provisions in Section II.(a)(3) and (4), liquid wastes, or wastes
containing liquid, shall be converted into a form that contains as little free—'sta_ngling S
and non-corrosive liquid as is reasonably achievable, but in no case shall the liquid |,
exceed 1 percent of the volume of the waste when the waste is in a dispdsal container
designed to ensure stability, or 0.5 percent of the volume of the waste for waste |,
processed to a stable form. ‘

3)"'1 Void spaces within the waste and between the waste and its package shall be reduced

", to the extent practicable. St

“eF

Section ITI. - Labeling.

-4

Ea(;h p;-cka-g'é of waste shall be clearly labeled to identify whether it is Class A, Class B or C]z%sZs‘ c
waste, under SectjonI. . ) e
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APPENDIX 1

R O L SR N s . i
QUANTITIES FOR USE WITH DECOMMISSIONING UNDER SECTION HFS 157.15
NOTE: To convert uCi to kBq, multiply the uCi value by 37.

~ Material

Americium-241
Antimony-122
Antimony-124
Antimony-125
Arsenic-73
Arsenic-74
Arsenic-76
Arsenic-77
Barium-131
Barium-133
Barium-140
Bismuth-210
Bromine-82
Cadmium-109
Cadmium-115m
Cadmium-115
Calcium-45 5
Calcium-47

Carbon-14

Cerium-141

Cerium-143

Cerium-144

Cesium-131

Cesium-134m

Cesium-134

Cesium-135

Cesium-136

Cesium-137

Chlorine-36

Chlorine-38

Chromium-51

Cobalt-58m

Cobalt-58 -, .
Cobalt-60

Copper-64

Dysprosium-165

Dysprosium-166

Erbium-169

Erbium-171

Europium-152 (9.2 h)
Europium-152 (13 yr)

396

Microcurie

0.01

100
10
10
100
10
10
100
10
10
10

1
10
10
10
100
10
10
100
100
100
1
1,000
100
1
10
10
10
10
10
1,000
10
10
1
100
10
100
100
100
100
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QUANTITIES FOR USE WITH DECOMMISSIONING UNDER SECTION HFS 157.15 (Continued)

Material Microcurie
Europium-154 1"
Europium-155 10
Fluorine-18 1,000
Gadolinium-153 10
Gadolinlum-159 100
Gallium-72 . 10
Germanium-71 07
Gold-198 100
Gold-199 - 100"
Hafnium-181 100
Holmium-166 100
Hydrogen-3 1,000 i
Indium-113m 100
Indium-114m 10
Indium-115m X 100
Indium-115 L1077
Iodine-125 -. S B
Todine-126 D
Todine-129 S 01
Iodine-131 1
Iodine-132 10,
Iodine-133. a1
Todine-134 10 -
Iodine-135 10
Iridium-192 10
Iridium-194 100 -
Iron-55 100 .
Iron-59 .. 100
Krypton-85 . 100
Krypton-87. 1077
Lanthanum-140 10
Lutetium-177 100
Manganese-52 10
Manganese-54 10. x ‘
Manganese-56 10
Mercury-197m . 100 .~
Mercury-197 . : 100 |
Mercury-203 10
Molybdenum-99 100,
Neodymium-147 100
Neodymium-149 - 100
Nickel-59 100
Nickel-63 10
Nickel-65 100 .
Niobium-93m 10
Niobium-95 10
Niobium-97 10
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QUANTITIES FOR USE WITH DECOMMISSIONING UNDER SECTION HFS 157.15 (Continued)

Material ' Microcurie
Osmium-185 10
Osmium-191m 100
Osmium-191 100
Osmium-193 100
Palladium-103 100
Palladium-109 100
Phosphorus-32 10
Platinum-191 100
Platinum-193m 100
Platinum-193 100
Platinum-197m 100
Platinum-197 100
Plutonium-239 0.01
Polonium-210 0.1
Potassium-42 10
Praseodymium-142 100
Praseodymium-143 100
Promethium-147 10
Promethium-149 10
Radium-226 0.01
Rhenium-186 100
Rhenium-188 100 .
Rhodium-103m 100
Rhodium-105 il 100
Rubidium-86 10
Rubidium-87 10
Ruthenium-97 100
Ruthenium-103 10
Ruthenium-105 10
Ruthenium-106 1
Samarium-151 10
Samarium-153 100
Scandium-46 10
Scandium-47 100 :
Scandium-48 10
Selentum-75 10
Silicon-31 T ' : 100
Silver-105 10
Silver-110m 1
Silver-111 100
Sodium-22 - 1
Sodium-24 10
Strontium-85 10
Strontium-89 1

Strontium-90 0.1
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QUANTITIES FOR USE WITH DECOMMISSIONING UNDER SECTION HFS 157.15 (Continued)

\_J Material . Microcurie ~
Strontium-91 10
Strontium-92 - 10
Sulfur -35 100.
Tantalum-182 -10 ‘
Technetium-96 10
Technetium-97m 100
Technetium-97 1100
Technetium-99m .. 100
Technetium-99 10,
Tellurium-125m .10 .
Tellurium-127m ‘10
Tellurium-127 100 .
Tellurium-129m .10
Tellurium-129 .. 100 .
Tellurium-131m 10
Tellurium-132 10
Terbium-160 _ 10
Thallium-200 100
Thallium-201 100
Thallium-202 100
Thallium-204 , 10
Thorium (natural)? . ‘ : o100 .
Thulium-170 : F - Coe .10,

\—/  Thulium-171 Co S o , .10
Tin-113 , : S . / ‘ " 10
Tin-125 10
Tungsten-181 10
Tungsten-185 10
Tungsten-187 100
Uranium (natural)? 100
Uranium-233 0.01
Uranium-234 0.01
Uranium-235 0.01
Vanadium-48 . 10
Xenon-131m 1,000
Xenon-133 ) 100
Xenon-135 T . 100
Ytterbium-175 100
Yttrium-90 10
Yttrium-91 10
Yttrium-92 - 100
Yttrium-93 100
Zinc-65 10

o Based on alpha disintegration rate of Th-232, Th-230 and their daughter products.
v g Based on alpha disintegration rate of U-238, U-234, and U-235
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QUANTITIES FOR USE WITH DECOMMISSIONING UNDER SECTION HFS 157.15 (Continued)

Material Microcurie N,
Zinc- 69m 100

Zinc-69 1,000

Zirconium-93 10

Zirconium-95 10

Zirconium-97 10

Any alpha emitting

radionuclide not listed

above or mixtures of

alpha emitters of

unknown composition 0.01

Any radionuclide other

than alpha emitting

radionuclides, not

listed above or

mixtures of beta

emitters of unknown

composition 0.1

Note: Where there is involved a combination of isotopes in known amounts, the limit for the combination
should be derived as follows: Determine, for each isotope in the combination, the ratio between the quantity

present in the combination and the limit otherwise established for the specific isotope when not 1n ¢ ~/
combination. The sum of the ratios for all the isotopes in the combination may not exceed "1" — that 1s,
unity.

Ny
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L

VI.

ViI.

Fundamentals of Radiation Safety

.D. Qperatlon and control of equlpment PR S

'Case histories of well logging accidents @ -’

APPENDIX J

SUBJECTS TO BE INCLUDED IN TRAINING COURSES
FOR WELL LOGGING SUPERVISORS

A.  Characteristics of radiation ‘ ’ -
B. Units of radiation dose and quantity of radioactivity
C. Significance of radiation dose and hazards of exposure to radiation
1. Radiation protection standards
2. Biological effects of radiation dose . )
D. Levels of radiation from sources of radiation . : - c
E.. Methods of minimizing radiation dose )

1. Working time

2. Working distances

3. Shielding
F. Radiation safety practices including preventlon of contamination and methods of

Edecontammatlon
Radiation Detéction Instrumentation to be Used
A. . Useof radlatlon survey instruments S Lo

‘1. Operation -~ - - : o

2. Calibration

3. Limitations
B. Survey techniques
C. Use of personnel monitoring equipment

Equipment to be Used

A. Handling equipment
B. Sources of radiation
C. Storage and control of equipment

BN LA

The Requlrements of Pertment Federal and State Regulatlons

The Licensee's or Registrant's Written Operating and Emergency Procedures

The Licensee's or Regxstrant’s Record Keeping Procedures ;.. RO
. tf _{ - I - ~ T s *

<
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APPENDIX K

EXAMPLE OF PLAQUE FOR IDENTIFYING WELLS CONTAINING SEALED
SOURCES CONTAINING RADIOACTIVE MATERIAL ABANDONED DOWNHOLE

The size of the plaque should be convenient for use on active or inactive wells, e. g.,al7cm
(7-inch) square and at least 3 mm (1/8”) thick. Letter size of the word "CAUTION" should be
approximately twice the letter size of the rest of the information, e.g., 2-inch and 1-inch letter size,
respectively.

{NAME OF COMPANY)
{SECOND HEADING OF NAME OF COMPANY}

'Y Y Y
a CAUTION 4

{QUANTITY AND TYPE OF RADIOACTIVE‘MATERIAlL}
© {DATE LOST AND DEPTH OF RADIOACTIVE MATERIAL}
DO NOT RE-ENTER THIS WELL BEFORE CONTACTING:

RADIATION PROTECTION SECTION
WI DEPARTMENT OF HEALTH AND FAMILY SERVICES
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APPENDIX M

INFORMATION-TO BE SUBMITTED BY PERSONS
PROPOSING TO CONDUCT HEALING ARTS SCREENING

Persons requesting that the department approve a healing arts screening program shall submit the
following information and evaluation. Mammography screening and bone density screening are
exempt from this requirement unless persons under age 18 are involved:

a. Name and address of the applicant and, where applicable, the names and addresses of
agents within this state. -

b. Diseases or conditions for which the x-ray examinations are to be used in diagnoses.
c. A detailed description of the x-ray examinations proposed in the screening program.
d. A description of the population to be examined in the screening program, which is

age, sex, physical condition, and other appropriate information. If the study involves
women of reproductive age and the exam involves the trunk of the body, what
precautions are being taken to ensure the subjects are not pregnant.

e. An evaluation of any known alternate methods not involving ionizing radiation
which could achieve the goals of the screening program and why these methods are
not used instead of the x-ray examinations. C
f. An evaluation by a medical physicist of the X-ray system to be used in the screening
program. The evaluation by the medical physicist shall show that the system
satisfies all requirements of this chapter. The evaluation shall include a
_measurement of patient exposures from the x-ray examinations to be performed.
 This exposure information must be included in the informed consent papers signed
by the subject. An explanation of the risk from the radiation exposure shall be
included in the informed consent if the head, neck or trunk is involved in the
procedure.
g The name and address of the individual who will interpret the radiograph or images
if any are produced. The interpreting physicians must be licensed in Wisconsin.

h. A description of the procedures to be used in advising the individuals screened and
their private practitioners of the healing arts of the results of the screening procedure
and any further medical needs indicated.

-

i A description of the procedures for the retention or disposition of the radiographs,
images, graphs and other records pertaining to the X-ray examinations.

n. An indication of the frequency of screening and the duration of the entire screening
program.
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Human-use committee approval of the éc}eening program if one is required by local
policy.

R P R
A copy of the informed cnsent information being provided to the subjects. .

sty

If minors are involved, parental consent is required.
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APPENDIX N

EXEMPTIONS FROM PATIENT SHIELDING
FOR CERTAIN FLUOROSCOPIC PROCEDURES

As specified in s. HFS 157.76 (9) (c), the following fluorscopic procedures are automatically
exempt from normal protective barriers.

a. Angiograms

b. Arthrograms

c. Biliary drainage procedures

d. Fluoroscopic biopsy procedures

e. Myelograms

f. Percutaneous cholangiograms
g. Percutaneous nephrostomies
h. Sinograms or fistulograms

i T-tube cholangiograms
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APPENDIX O

DETERMINATION OF A; AND A,

Values of A; and A, for individ_ual radionuclides, which are the bases for many activity
limits elsewhere in these regulations, are given in TABLE VI.' The curie (Ci) values
specified are obtained by converting from the Terabecquerel (TBq) figure. The curie values
are expressed to 3 significant figures to assure that the difference in the TBq and Ci
quantities is one tenth of one percent or less. "Where values of A, or A, are unlimited, it is
for radiation control purposes only. For nuclear criticality safety, some materials are subject
to controls placed on fissile material.

For individual radionuclides whose identities are known, but which are not listed in TABLE
VI, the determination of the values of A, and A, requires department approval, except that
the values of A; and A; in TABLE VII may be used without obtaining department approval.

In the calculations of A, and A, for a radionuclide not in TABLE VI,-a single radioactive

* decdy chain, 'in which radionuclides are present in their naturally occurring proportions, and

in which no daughter nuclide has a half-life either longer than 10 days, or longer than that of
the parent nuclide, shall be considered as a single radionuclide, and the activity to be taken
into account, and the’A; or A, value to be applied shall be those corresponding to the parent

“nuclide of that chain. In the case of radioactive decay chains in which any daughter nuclide
~has a half-life either longer than 10 days, or greater than that of the parent nuclide; the parent
‘and those dgughtf;r nuclides shall be considered as mixtures of different nuclides. .

i

For mixtures of radionuclides whose identities and respective activities are known, the
following conditions apply:

(a) For special form radioactive material, the maximum quantity transported in a Type A

package:
Z—& <1
‘40
(b)  For normal form radioactive material, the maximum quantity transported in a Type A
packige: ' .
‘4.0 .

where B(i) is the activity of radionuclide i and A,(i) and As(i) are the A; and A; values for
radionuclide respectively.

Alternatively, an A, value for mixtures of special form material may be determined as
follows:
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_ S ()
AI_Z.'AI(I-)

where f(i) is the fraction of activity of nuclide I in the mixture and A1(i) is the appropriate A,
value for nuclide i. ‘

An A, value for mixtures of normal form material may be determined as follows:

1
g =3 SO

where (i) is the fraction of activity of nuclide I in the mixture and A(i) is the appropriate A,
value for nuclide i. - '

When the identity of each radionuclide is known, but thé individual activities of some of the
radionuclides are not known, the radionuclides may be grouped and the lowest A, or A,
value, as appropriate, for the radionuclides in each group may be used in applying the
formulas in paragraph IV.- Groups may be based on the tqtél alpha activity and the total
beta/gamma activity when these are known, using the lowest A, of A; values for the alpha
emitters and beta/gamma emitters.
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A; AND A; VALUES FOR RADIONUCLIDES .

TABLE V1

Symbol of _ Element and

Be-lOﬂ ‘,._ : e ..

409

A - A Ay- Az . Specific Activity

‘RadioNuclide " Atomic No.  (TBq) (C1) (TBq) (Ci) (TBg/g) .« (Cilg)
Ac-225 ~ Actinium (89) 0.6 16.2 1x107 0.270 2.1x10° 5.8x10% -
Ac-227 . o 40 1080 2x10°  541x10* 27 7.2x10' -
Ac-228 ~ 0.6 16.2 0.4 10.8 8.4x10* 2.2x10°%_
Ag-105 Silver (47) 2 54.1 2 54.1 L1x10>  3.0x10%
Ag-108m “t 0.6 16.2 0.6 16.2 9.7x10"! 2.6x10" ..
Ag-110m : 0.4 10.8 0.4 10.8 1.8x10? 4.7x10° »
Ag-111 0.6 16.2 0.5 13.5 . .5.8x10°, 1.6x10° -
Al-26 . Aluminum (13) 0.4 10.8 0.4 10.8 7.0x10* 1.9x107 |
Am-241:  Americium (95) 2° 54.1 210" 541x10° . 13x100 34
Am-242m oo 2- 54.1 2x10™ 5.41x10° *° 3.6x10" 1.0x10'. ~
Am-243 P 2 54.1 2x10"  541x10°  7.4x10°  2.0x107.
Ar-37 ° Argon (18) 40 1080 40 1080 3.7x10° 9.9x10*
Ar-39 S 20 541 20 541 1.3 3.4x10! -.
Ar41 - ‘ 0.6 16.2 0.6 16.2 ., 1.5x10° 4.2x107 -,
Ar-42 0.2 5.41 0.2, 5.41 9.6 2.6x107 -.
As-72 - {  Arsenic (33) 0.2 5.41 0.2 5.41 6.2x10°  1.7x10° -
As-73 e 40 1080 40 1080 8.2x10? 2.2x10%, .
As-74- - A 1 27.0 0.5 13.5 3.7x10° © 9.9x10*
As-76~¢ 0.2 541 0.2 5.41 5.8x10* 1.6x10°- .
As-77. Sl 20 541 0.5 13.5 3.9x10* 1.0x10° . -
At-211 Astatine (85) 30 811 2’ 54.1 7.6x10* 2.1x10° -
Au-193 . Gold (79) 6 162 6" 162 3.4x10* 9.2x10°
Au-194 - : 1 27.0 1 27.0 1.5x10* 4.1x10° . .
Au-195 10 270 10° 270 1.4x10°  3.7x10° . |
Au-196 2 54.1 2 54.1 . 4.0x10°  1.1x10° , .
Au-198 3 81.1 0.5 . 135 7 T9.0x10° T 2.4x10°
Au-199 . - Lo 10 270 0.9 243 7.7x10° 2.1x10°
Ba-131 ; . Barium(56) - 2~ 541 2 54.1 3.1x10° 8.4x10* -
Ba-133m . . 10 270 0.9 24.3 2.2x10* 6.1x10° .~
Ba-133.- '3 81.1 3 81.1 9.4 2.6x10%-
Ba-140 - RO 0.4 .10.8 0.4 ;10.8 2.7x10° 7.3x10° -,
Be-7 ., Beryllium (4) - 20 541 20 541" . 13x10% . 3.5x10°.

B 20 5417 05 13.5° ' 83x10% 22x10%



A; AND A, VALUES FOR RADIONUCLI

TABLE VI

I:)ES (cont.)

Specific Activity

Symbol of  Element and Ay A A, A;
RadioNuclide Atomic No. (TBq) (Cy) (TBqg) (C) (TBq/g) (Ci/g)
Bi-205 Bismuth (83) 0.6 16.2 0.6 16.2 1.5x103 4.2x10*
Bi-206 0.3 8.11 0.3 8.11 3.8x10° 1.0x10°
Bi-207 0.7 18.9 0.7 18.9 1.9 5.2x10
Bi-210m 0.3 8.11 3x107? 0.811 2.1x10° 5.7x10"
Bi-210 0.6 16.2 0.5 13.5 4.6x10° 1.2x10°
Bi-212 0.3 8.11 0.3 8.11 5.4x10° 1.5%107
Bk-247 Berkelium (97) 2 54.1 2x10™ 5.41x10° 3.8x107 1.0
Bk-249 40 . 1080 8x10? 2.16 6.1x10" 1.6x10°
Br-76 Bromine (35) 0.3 8.11 0.3 8.11 9.4x10* 2.5x10% -
Br-77 3 81.1 3 81.1 2.6x10°  7.1x10°
Br-82 0.4 10.8 0.4 10.8 4.0x10* 1.1x10°
C-11 Carbon (6) 1. 27 0.5 13.5 3.1x10’ 8.4x10%
C-14 40 1080 2 54.1 1.6x10" 45
Ca-41 Calcium (20) 40 1080 40 1080 3.1x10° 8.5x102 "
Ca-45 40 1080 0.9 24.3 6.6x10? 1.8x10*
Ca-47 0.9 24.3 0.5 13.5 2.3x10* 6.1x10°
Cd-109 Cadmium (48) 40 1080 1 27.0 9.6x10’ 2.6x10°
Cd-113m’ 20 541 9x10%  2.43 8.3 2.2x10?
Cd-115m 0.3 8.11 0.3 8.11 9.4x10? 2.5x10*
Cd-115 4 108 0.5 13.5 1.9x10* 5.1x10°
Ce-139 Cerium (58) 6 162 6 162 2.5x10° 6.8x10°
Ce-141 10. 270 0.5 13.5 1.1x10° 2.8x10*
Ce-143 0.6 16.2 0.5 13.5 2.5x10* 6.6x10°
Ce-144 , 02" 5.41 0.2 5.41 1.2x10° 3.2x10°
Cf-248 Californium (98) 30 811 3x10° 8.11x10? 5.8x10’ 1.6x10°
Cf-249 ‘ 2 54.1 2x10™ 5.41x10° 1.5x10°* 4.1
Cf-250 5 135 5x10™ 1.35x10 4.0 1.1x10°
Cf-251 2 54.1 2x10™ 5.41x10° 5.9x10°? 1.6
Cf-252 0.1 2.70. 1x10° 2.70x1072 2.0x10! 5.4x10?
Cf-253 40 1080 6x107? 1.62 1.1x10° 2.9x10*
Cf-254;, ‘ 3x10° 8.11x10? 6x10™ 1.62x107 3.1x10% 8.5x10°
Cl1-36 Chlorine (17) 20" 541 0.5 13.5 1.2x10 3.3x102
Cl-38 5.41 0.2 5.41 4.9x10° 1.3x10®

0.2
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: : ’ TABLE V1
/L .. A;AND A, VALUES FOR RADIONUCLIDES (cont) ~ - )

7

Symbol of  Element and A, A, S Ay .. A Specific Activity
“RadioNuclide” Atomic No. (TBq) (C1) (TBq) (Cp) . (TBq/g) (Ci/g)
Cm-240 Curium (96) 40 1080 2x107 0.541 7.5x10% 2.0x10*
Cm-241 ’ "2 54.1 0.9 24.3 6.1x10 1.7x10*
Cm-242 : 40 1080 1x107 0.270 1.2x10° 3.3x10°
Cm-243 3 81.1 " 3x10™ 8.11x10” 1.9 5.2x10" -
Cm-244 4 108 4x10® 1.08x107 3.0 8.1x10’
Cm-245 2 54.1 2x10%  541x10°  64x10°  1.7x107"
Cm-246 2 54.1 2x10%  5.41x10° L1x107  3.1x107.
Cm-247 R 2 54.1 2x10™ 5.41x107 3.4x10°  9.3x10°
Cm-248 R 4x10%  1.08 -5x107 1.35x10°  © 1.6x10°  4.2x107%
Co-55 - Cobalt (27) 0.5 13.5 0.5 13.5 1.1x10° 3.1x10°
Co-56 0.3 8.11 0.3 8.11 L1x10°  3.0x10*.
Co-57 : 8 216 8 216 3.1x10  8.4x10%.
Co-58m | - 40 1080 40 1080 2.2x10° 5.9x10°
Co-58 1 27.0 1. 27.0 1.2x10°°  3.2x10*
Co-60 0.4 10.8 0.4 10.8 - 4.2x10! 1.1x10° -
Cr-51 -  Chromium (24) 30 811 30 811 " 3.4x10° 9.2x10*
Cs-129- Cesium (55) 4 108 4 108 2.8x10* 7.6x10° .
Cs-131" 40 1080 40° 1080 3.8x10° 1.0x10°
Cs-132 - 1 27.0 1 27.0 T 5x10° 1.5x10°
. Cs-134m 40 1080 9 243 3.0x10° 8.0x10° -,
N Cs-134 0.6 16.2 0.5 13.5 4.8x10' 1.3x10°
Cs-135 - 40 1080 0.9 243 . 43x10°  1.2x10°
Cs-136 ‘ 0.5 13.5 0.5 135 2.7x10°° 7.3x10°
Cs-137 gy 2 54.1 ‘0.5 13.5 3.2 8.7x10' .
Cu-64 -  Copper (29) 5 135 0.9 24.3 C 14x10°. 3.9x10° .
Cu-67 9 243 09 - 243 2.8x10°.  7.6x10° |
Dy-159 Dysprosium (66) 20 541 20 541 2.1x10? 5.7x10%. "
Dy-165 - 0.6 16.2 0.5 13.5 3.0x10° 8.2x10°
Dy-166 o 0.3’ 8.11 03" 8.11 8.6x10°  2.3x10°
Er-169 . Erbium (68) 40 ' 1080 0.9 243 3.1x10° 8.3x10°
Er-171.... . 0.6 162 05 135 _9.0x10*  2.4x10° ..
Es-253 Einsteinium (99)Y 200 5400  '2.1x107 " 54x107 0 -l
Es-254 o , 30 811 3x10°  8.11x107 - --
Es-254m 0.6 16.2 0.4 10.8 - -
Es-255 - - - - -

a/ . . . . . .
“ International shipments of Einsteinium require multilateral approval of A; and A; values

>
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A; AND A; VALUES FOR RADIONUCLIDES (cont.)

TABLE VI

Symbol of  Element and A A, A, A; Specific Activity
RadioNuclide Atomc No. (TBq) (C) (TBq) (C1) (TBg/g) (Ci/g)
Eu-147 Europium (63) 2 54.1 2 54.1 1.4x10° 3.7x10*
Eu-148 05 13.5 0.5 13.5 6.0x10° 1.6x10°
Eu-149 20 541 20 541 3.5x10? 9.4x10°
Eu-150 0.7 18.9 0.7 18.9 6.1x10* 1.6x10°
Eu-152m 0.6 16.2 0.5 13.5 8.2x10* 2.2x10°
Eu-152 0.9 24.3 0.9 24.3 6.5 1 8x10?
Eu-154 .08 21.6 0.5 13.5 9.8 2.6x10%
Eu-155 20 541 2 54.1 1.8x10' 4.9x10°
Eu-156 0.6 16.2 0.5 13.5 2.0x10° 5.5x10*
F-18 . Fluorine (9) 1 27.0 0.5 13.5 3.5x10°  9.5x107
Fe-52 Iron (26) 0.2 5.41 0.2 5.41 2.7x10° 7.3x10°
Fe-55 ° 40 1080 40 1080 8.8x10’ 2.4x10°
Fe-59 0.8 21.6 0.8 21.6 1.8x10° 5.0x10*
Fe-60 40 1080 0.2 5.41 7.4x10"  2.0x107
Fm-255 Fermium (100)¥ 40 1080 0.8 21.6 -

Fm-257 10 270 8x10°  21.6x10™ - -

Ga-67° Gallium (31) 6 162 6 162 2.2x10* 6.0x10°
Ga-68 0.3 8.11 0.3 8.11 1.5x10° 4.1x107
Ga-72 0.4 10.8 0.4 10.8 1.1x10° 3.1x10°
Gd-146 Gadolinium (64) 0.4 10.8 0.4 10.8 6.9x10? 1.9x10*
Gd-148 - : 3 81.1 3x10%  8.11x107 1.2 3.2x10'
Gd-153 10 270 5 135 1.3x10? 3.5x10°
Gd-159 4 108 0.5 13.5 3.9x10* 1.1x10°
Ge-68 Germanium (32) 0.3 8.11 0.3 8.11 2.6x10? 7.1x10°
Ge-71 40 1080 40 1080 5.8x10° 1.6x10°
Ge-77 i 0.3 8.11 0.3 8.11 1.3x10° 3.6x10°
H3 Hydrogen (1) See T-Tritium

Hf-172 Hafnium (72) 0.5 13.5 0.3 8.11 *4.1x10 1.1x10° .
Hf-175 3 81.1 3 81.1 3.9x10? 1.1x10* °
Hf-181 - 2 54.1 0.9 24.3 6.3x10? 1.7x10*
Hf-182 4 108 3x10%  0.811 8.1x10°  2.2x10*

. el L .
Yinternational shipments of Fermium require multilateral approval of Ay and A, values.
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.A; AND A, VALUES FOR RADIONUCLIDES (cont.)

“TABLE VI

"Symbol of - Element and A, A, A, A, " Specific Activity
RadioNuclide | Atomic No. (TBq) (Ci) _ "(TBq) (C1) - (TBq/g) (Ci/g)
Hg-194 , Mercury (80) 1 27.0 1 27.0 1.3x10" 35 °
Hg-195m ' 5 135 5 135 1.5x10* 4.0x10°
Hg-197m 10 270 0.9 243 2.5x10* 6.7x10° .
Hg-197 . 10 270 ‘10 270 9.2x10° 2.5x10°
Hg-203 : 4 108 0.9 24.3 . 5.1x10? 1.4x10*
Ho-163 Holmium (67) - 40 1080 40 -1080 27 7.6x10"
Ho-166m o .0.6 16.2 0.3 8.11 6.6x102 1.8
Ho-166 . : 0.3 8.1 0.3 8.11 2.6x10° 7.0x10°
1-123, TIodme (53) 6 162 " 6 162" 7.1x10° 1.9x10°
1-124 - 0.9 243 0.9 24.3 9.3x10° 2.5x10°
1-125 .20 541 2 54.1 6.4x10? 1.7x10*
1-126 . 2 54.1 0.9 24.3 " 2.9x10° 8.0x10*
1-129 . : Unlimited  Unlimited Unlimited Unlimited  6.5x10°.  1.8x10%.
1-131 ‘ 3 81:1 0.5 13.5 4.6x10° 1.2x10°
I-132. 0.4 10.8 0.4 10.8 3.8x10° 1.0x107
1-133 - 0.6 16.2 0.5 13.5 . 4.2x10* 1.1x10° .
1-134 - ‘. 0.3 8.11 0.3 8.11 9.9x10° 2.7x107
I-135 0.6 16.2 0.5 13.5 1.3x10° 3.5x10°
In- 111 Indium (49) 2 54.1 2 54.1 1.5x10* 42x10°
In-113m 4 108 4 108 6.2x10° 1.7x107
In-114m « 0.3 8.11 0.3 8.11 8.6x10° 2.3x10*
In-115m - 6 162 0.9 243 " 2.2x10° 6.1x10°.
Ir-189 - Iridium (77) 10 270 10 270 1.9x10°  5.2x10°
Ir-190 | , 0.7 18.9 0.7 18.9 " 2.3x10° 6.2x10*
Ir-192 1 27.0 0.5 13.5 3.4x10° 9.2x10°
Ir-193m 10. 270° 10 270 2.4x10° 6.4x10° 7
Ir-194 : 0.2 541 0.2 5.41 © 3.1x10° 8.4x10°
K-40 Potassium (19) 0.6 16.2 0.6 16.2 24x107  6.4x10°°
K-42 0.2 5.41 0.2 5.41 2.2x10° 6.0x10° -
K-43 1.0 27.0 0.5 - 13.5 1.2x10° 3.3x10° ¢
Kr-81 Krypton (36) 40 1080 40 1080 7.8x10"  2.1x107?
Kr-85m | 6 162 6 162 3.0x10° © 82x10°
Kr-85 20 541 10 270 1.5x10" 3.9x10%
Kr-87 . 0.2 5.41 0.2 - 5.41 1.0x10° 2.8x107
La-137 Lanthanum (57) 40 1080 2 54.1 1.6x10%  4.4x107?
La-140 0.4 10.8 0.4 10.8 2.1x10* 5.6x10°
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A1 AND A, VALUES FOR RADIONUCLIDES (cont.)

TABLE VI

6

Y20 Ci Jor ;»209? Jor domestic use

414

Symbol of  Element and A A A, A Specific Activity
RadioNuclide Atomic No. (TBq) (Ci) (TBq) (C) (TBq/g) (Ci/g)
Lu-172 Lutetium (71) 0.5 13.5 0.5 13.5 4.2x10° 1.1x10°"
Lu-173 8 216 8 216 5.6x10 1.5x10°
Lu-174m . 20 541 8 216 2.0x10? 5.3x10°
Lu-174 8 216 .4 108 2.3x10' 6.2x10?
Lu-177 30 811 0.9 243 4.1x10° 1.1x10°
MFP For mixed fission products, use formula for mixtures or TABLE VII. - '
Mg-28 Magnesium (12) 0.2 5.41 0.2 5.41 2.0x10° 5.4x10°
Mn-52 Manganese (25) 0.3 8.11 0.3 8.11 1.6x10* 4.4x10°
Mn-53 ’ Unlimited  Unlimited Unlimited Unlimited 6.8x10°° 1.8x103
Mn-54 1 27.0 1 27.0 2.9x10? 7.7x10°
Mn-56 0.2 5.41 0.2 5.41 8.0x10° 2.2x107
Mo-93 Molybdenum (42) 40 1080 7 189 4.1x10? Ly
Mo-99 .06 16.2 0.5 « 13.5¢ 1.8x10° 4.8x10°
N-13 Nitrogen (7) 0.6 16.2 0.5 13.5 5.4x107 1.5x10°
Na-22 Sodium (11) 05 13.5 0.5 13.5 2.3x10? 6.3x10°
Na-24 0.2 5.41 0.2 5.41 3.2x10° 8.7x10°
Nb-92m Niobium (41) 0.7 18.9 0.7 18.9 5.2x10° 1.4x10°
Nb-93m 40 1080 6 162 8.8 2.4x10%
Nb-94 0.6 16.2 0.6 16.2 6.9x107 1.9x10"
Nb-95 1. 27.0 1 27.0 1.5x10° 3.9x10*
Nb-97 0.6 16.2 0.5 13.5 9.9x10° 2.7x107
Nd-147 Neodymium (60) 4, 108 0.5 13.5 3.0x10° 8.1x10*
'Nd-149 0.6- 16.2 0.5 13.5 4.5x10° 1.2x107
Ni-59 Nickel (28) 40 1080 40 1080 3.0x10° 8.0x107?
Ni-63 40 1080 30 811 2.1 5.7x10!
Ni-65 0.3 8.11 0.3 8.11 7.1x10° 1.9x107
Np-235 Neptunium (93) 40 1080 40 1080 5.2x10! 1.4x10°
Np-236 7. 189 1x10° 2.70x107? 4.7x10* 1.3x107
Np-237 2. 54.1 2x10*  541x10°  2.6x10°  7.1x10%
Np-239 162 0.5 13.5 8.6x10° 2.3x10°
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- - TABLE VI )
A; AND A, VALUES FOR RADIONUCLIDES (cont.)

Symbol of  Element and Ay A, A, A, Specific Activity

RadioNuclide Atomic No. (TB@) (Ci) (TBQ) (Ci) (TBg/g) (Ci/g)
Os-185 Osmium (76) - 1 27.0 1 27.0 2.8x10? 7.5x10°
Os-191m 40 1080 40 1080 4.6x10* 1.3x10°
Os-191 c. 10 270 0.9 24.3 1.6x10° 4.4x10°
0s-193 0.6 16.2 0.5 135 2.0x10° 5.3x10°
Os-194 0.2 5.41 0.2 5.41 1.1x10" 3.1x10?
P-32 . Phosphorus (15) 0.3 8.11 0.3 8.11 1.1x10* 2.9x10°
P-33 - 40 1080 0.9 243 5.8x10° 1.6x10° -
Pa-230 Protactinium (91) 2 '54.1 0.1 2.70 1.2x10° 3.3x10*
Pa-231 | co 0.6 16.2 6x107 1.62x102 1.7x107 4.7x107?
Pa-233 o -5 135 0.9 24.3 7.7x10° 2.ix10*
Pb-201 Lead (82) S| 27.0 1 27.0 6.2x10* 1.7x10° .
Pb-202 - .40 1080 2 54.1 1.2x10* 3.4x10°
Pb-203 - 3 81.1 3 81.1 1.1x10* 3.0x10° .
Pb-205 E Unlimited  Unlimited Unlimited Unlimited  4.5x10° 1.2x10*,
Pb-210 0.6 16.2 9x10° 0.243 28 . 7.6x10"
Pb-212 0.3 8.11 0.3 8.11 5.1x10* 1.4x10°
Pd-103 Palladium (46) 40 1080 40 1080 2.8x10° 7.5x10% .
Pd-107 ¥ Unlimited  Unlimited Unlimited Unlimited  1.9x10° 5.1x10™ .
Pd-109 ‘ " 0.6 - 16.2 0.5 13.5 7.9x10* 2.1x10°",.
Pm-143 Promethium (61) 3 - 81.1 3 81.1 1.3x10? 3.4)(1_03
Pm-144 . ’ 0.6 162 0.6 16.2 9.2x10" 2.5x10° .
Pm-145 30 811 7 189 52 1.4x10%_ -
Pm-147 . 40 1080 0.9 24.3 3.4x10' 9.3x10% .
Pm-148m . 0.5 13.5 0.5 13.5 7.9x10? 2.1x10° ",
Pm-149 . 0.6 16.2 0.5 135" 1.5x10° 4.0x10° .
Pm-151 : 3 o 081l 05 13.5 .. 27x10°  7.3x10°
Po-208 Polonium (84) 40 1080 2x107 0.541 2.2x10" 5.9x10%
Po-209 o 40 1080 2x107 0.541 6.2x10 1.7x10" ~
Po-210 40. 1080 2x107  0.541 1.7x10° 4.5x10°
Pr-142 .- Praseodymium (59) -0.2 5.41 0.2 5.41 4.3x10* 1.2x10° |
Pr-143 4 108 05 - 135 2.5x10°  6.7x10
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A1 AND A; VALUES FOR RADIONUCLIDES (cont.)

TABLE VI

416

Symbol of  Element and A Ay A, A, Specific Activity
RadioNuclide Atomic No. (TBq) (Ci) (TBq) (Ci) (TBg/g) (Cilg)
Pt-188 Platinum (78) 0.6 16.2 0.6 16.2 2.5x10°  6.8x10°
Pt-191 3 81.1 3 81.1 8.7x10° 2.4x10°
Pt-193m 40 1080 9 243 5.8x10° 1.6x10°
Pt-193 40 1080 - 40 1080 1.4 3.7x10!
Pt-195m 10 270 2 54.1 6.2x10° 1.7x10°
Pt-197m 10 270 0.9 24.3 3.7x10° 1.0x107
Pt-197 20 541 0.5 13.5 3.2x10* 8.7x10°
Pu-236 Plutonium (94) 7 189 7x10™ 1.89x10 2.0x10’ 5.3x10?
Pu-237 20 541 20 541 4.5x10° 1.2x10*
Pu-238 2 54.1 2x10* 5.41x10 6.3x10! 1.7x10"
Pu-239 2 54.1 2x10™ 5.41x107 2.3x10° 6.2x102.
Pu-240 2 54.1 2x107 5.41x10° 8.4x10°  2.3x10"
Pu-241 40 1080 1x102 0.270 3.8 1.0x10?
Pu-242 2 54.1 2x10*  -5.41x10° 1.5x10* 3.9x10°
Pu-244 0.3 8.11 2x107* 5.41x10 6.7x107 1.8x10°
Ra-223 Radium (88) 0.6 16.2 3x107 0.811 1.9x10° 5.1x10*
Ra-224 0.3 8.11 6x10? 1.62 5.9x10° 1.6x10°
Ra-225 0.6 16.2 2x107? 0.541 1.5x10° 3.9x10*
Ra-226 0.3 8.11 2x107? 0.541 3.7x107? 1.0
Ra-228 0.6 16.2 4x102 1.08 1.0x10’ 2.7x10?
Rb-81 Rubidium (37) 2 54.1 0.9 24.3 3.1x10° 8.4x10%
Rb-83 2 54.1 2 54.1 6.8x10% 1.8x10*
Rb-84 1 27.0 0.9 24.3 1.8x10° 4.7x10%
Rb-86 0.3 8:11 0.3 8.11 3.0x10° 8.1x10*
Rb-87- Unlimited  Unlimited Unlimited Unlimited 3.2x107 8.6x10®
Rb (natural) Unlimited  Unlimited Unlimited Unlimited  6.7x10° 1.8x10®
Re-183 Rhenium (75) 5 135 5 135 3.8x10° 1.0x10*
Re-184m 3 81.1 3 81.1 1.6x10? 4.3x10° -
Re-184 1 27.0 1 27.0 6.9x10? 1.9x10*
Re-186 4 108 0.5 135« - 6.9x10° 1.9x10°
Re-187 Unlimited Unlimited Unlimited Unlimited 1.4x10° 3.8x10°®
Re-188_, 0.2 5.41 0.2 5.41 3.6x10* 9.8x10°
Re-189 4 108 0.5 13.5 2.5x10* 6.8x10°
Re (natural) ) Unlimited  Unlimited Unlimited Unlimited - 2.4x10®
Rh-99 Rhodium (45) 2 54.1 2 54.1 3.0x10° 8.2x10*
Rh-101 4 108 4 108 4.1x10" 1.1x10°
Rh-102m 2 54.1 0.9 24.3 2.3x10% 6.2x10°
Rh-102 0.5 13.5 0.5 13.5 4.5x10" 1.2x10°

. Rh-103m 40 1080 40 1080 1.2x10° 3.3x107
Rh-105 10 270 0.9 24.3 3.1x10* 8.4x10°
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A; AND A; VALUES FOR RADIONUCLIDES (cont.)

TABLE VI

Symbol of  Element and A, Ay A, A, Specific Activity
RadioNuclide - Atomic No. (TBqQ) (Cy) (TBg)  '(Ci) (TBq/g) = (Cilg)
Rn-222 Radon (86) 0.2 5.41 4x107 0.108 5.7x10° 1.5x10°
Ru-97 Ruthenium (44) 4 108 4 108 1.7x10*  4.6x10°
Ru-103 2 54.1 0.9 243 12x10°  3.2x10°*
Ru-105 0.6 16.2 0.5 13.5 2.5x10° 6.7x10°
Ru-106 . 0.2 5.41 0.2 5.41 1.2x10? 3.3x10°
S-35 Sulfur (16) 40 1080 2’ 54.1 1.6x10° 4.3x10*
Sb-122 Antimony (51) 0.3 8.11 0.3 8.11 1.5x10* 4.0x10°.
Sb-124 L 0.6 16.2 0.5 13.5 6.5x10? 1.7x10*
Sb-125 . 2 54.1 0.9 243 3.9x10' 1.0x10°
Sb-126 0.4 10.8 0.4 10.8 3.1X10° 8.4x10%-
Sc-44 Scandum (21) 0.5 13.5 0.5 13.5 6.7x10° 1.8x107
Sc-46 ~ 0.5 13.5 0.5 135 1.3x10°  3.4x10*°
Sc-47 - 9 243 0.9 24.3 3.1x10* 8.3x10°.
Sc-48 - 0.3 8.11 0.3 8.11 5.5x10* 1.5x10°
Se-75 Selenium (34) 3 81.1 3 81.1 5.4x10? 1.5x10*
Se-79 40 1080 2 54.1 2.6x10° 7.0x107
Si-31 Silicon (14) 0.6 16.2 0.5 13.5 1.4x10° 3.9x10’
Si-32 40 1080 02 5.41 3.9 1.1x10?
Sm-145 Samarium (62) 20 541 20 541 9.8x10! 2.6x10°
Sm-147 i Unlimited  Unlimited Unlimited Unlimited 8.5x107! 2.3x10%
Sm-151 40 1080 4 108 9.7x10! 2.6x10'
Sm-153 ‘ 4 108 0.5 13.5 1.6x10° 4.4x10°
Sn-113 Tin (50) 4 108 4 108 3.7x10% 1.0x10% .
Sn-117m 6 162 2 54.1 3.0x10° 8.2x10*
Sn-119m 40 1080 40 1080 1.4x10° 3.7x10°
Sn-121m 40 1080 0.9 243 2.0 5.4x10'
Sn-123 - 0.6 16.2 05 13.5 3.0x10% 8.2x10° -
Sn-125 0.2 5.41 02" 5.41 4.0x10° 1.1x10°
Sn-126 0.3 8.11 0.3 8.11 1.0x10°
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TABLE VI
A1 AND A; VALUES FOR RADIONUCLIDES (cont.)

Symbol of  Element and " A, A, A, A, Specific Activity
RadioNuclide Atomic No. (TBq) (C1) (TBq) (Ci) (TBq/g) (Ci/g)
Sr-82 Strontium (38) 0.2 5.41 0.2 541 2.3x10° 6.2x10*
Sr-85m , 5 135 5 135 1.2x10° 3.3x107
Sr-85 : 2 54.1 2 54.1 8.8x10? 2.4x10*
Sr-87m 3 81.1 3 81.1 4.8x10° 1.3x107
Sr-89 0.6 16.2 0.5 13.5 1.1x10° 2.9x10°
Sr-90 0.2 5.41 0.1 2.70 5.1 1.4x10°
Sr-91 0.3 8.11 0.3 8.11 1.3x10° 3.6x10°
Sr-92 0.8 21.6 0.5 13.5 4.7x10° 1.3x10’
T Tritium (1) 40 1080 40 1080 3.6x10? 9.7x10° -
Ta-178 Tantalum (73) 1, 27.0 1 27.0 4.2x10° 1.1x10®
Ta:179 { 30 811 30 811 4.1x10’ 1.1x10°
Ta-182 0.8 21.6 0.5 13.5 2.3x10° 6.2x10°-
Tb-157. Terbium (65) 40 1080 10 270 5.6x10" 1.5x10"
Tb-158 1 27.0 0.7 18.9 56x10" 1.5x10*
Tb-160 0.9 243 0.5 13.5 4.2x10% 1.1x10*
Tc-95m Technetium (43) 2 54.1 2 54.1 8.3x10? 2.2x10*
Tc-96m 0.4 10.8 0.4 10.8 1.4x10° 3.8x10’
Tc-96 0.4 10.8 0.4 10.8 1.2x10* 3.2x10°
Tc-97m 40 1080 40 1080 5.6x10? 1.5x10*
Tc-97 Unlimited  Unlimited Unlimited Unlimited  5.2x10°° 1.4x10°
Tc-98 0.7 18.9 0.7 18.9 3.2x10°  8.7x107
Tc-99m 8 216 8 216 1.9x10° 5.3x10°
Tc-99 40 1080 0.9 24.3 6.3x10* 1.7x107?
Te-118 Tellurium (52) 0.2 5.41 0.2 5.41 6.8x10° 1.8x10° -
Te-121m 5 135 5 135 2.6x10? 7.0x10°
Te-121 2 54.1 2 54.1 2.4x10° 6.4x10%
Te-123m 7 189 7 189 33x107  8.9x10°
Te-125m 30 811 9 243, 6.7x10? 1.8x10* -
Te-127m 20 541 0.5 13.5 3.5x10% 9.4x10°
Te-127 20 541 0.5 13.5 9.8x10* 2.6x10°
Te-129m 0.6 16.2 0.5 13.5 1.1x10° 3.0x10?
Te-129 , 0.6 16.2 0.5 13.5 7.7x10°  2.1x107
Te-131m 0.7 18.9 0.5 13.5 3.0x10* 8.0x10°

Te-132 o 0.4 10.8 0.4 10.8 L1x10*  3.0x10°
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~ TABLE VI o ,

A; AND A; VALUES FOR RADIONUCLIDES (cont.)
~ Symbolof <Element and A, A A, A, Specific Activity -
RadioNuclide Atomic No. (TBq) (Ci) (TBq) (Ci) (TBq/g) - - (Cilg)
Th-227 Thorium (90) 9 243 1x107 0.270 1.1x10° 3.1x10%,
Th-228 - 0.3 8.11 4x10™ 1.08x10 3.0x10' 8.2x10? -
Th-229 0.3 8.11 3x10°  811x10*  7.9x10°  2.1x10"-
Th-230 2 54.1 2x10®  541x10°  7.6x10"  2.1x10?
Th-231 40 1080 0.9 24.3 2.0x10* 5.3x10° .
Th-232 Unlimited  Unlimited Unlimited Unlimited  4.0x10° 1.1x107
Th-234 0.2 5.41 0.2 5.41 8.6x10? 2.3x10° -
Th (natural) Unlimited  Unlimited Unlimited Unlimited  8.1x10° 2.2x107
Ti-44 Titanium (22) 0.5 13.5 0.2 5.41 6.4 1.7x10%-
T1-200: Thallium (81.1)  '0.8 21.6 0.8 21.6 2.2x10* 6.0x10° -
TI:201 - ‘10 270 10 270 7.9x10° 2.1x10°
T1-202 2 54.1 2 54.1 2.0x10° 5.3x10*
T1-204 : 4 108 0.5 13.5 1.7x10! 4.6x10%
Tm-167 Thulium (69) 7 189 7 189 3.1x10° 8.5x10* .
Tm-168 0.8 21.6 0.8 21.6 3.1x10° 8.3x10% .
Tm-170 - : 4 108 0.5 13.5 2.2x10? 6.0x10° .
Tm-171 Co 40 1080 10 270 4.0x10' 1.1x10°
U-230 Uranium (92) 40 1080 1x107 0.270 1.0x10° . 2.7x10° .
U-232 3 81.1 3x107  8.11x10°  83x107  2.2x10'
U-233 | 10 270 1x107 2.70x10? 3.6x10"  9.7x107.
U-234 10 270 1x10°  2.70x10?  23x10*  6.2x10°.
U-235 Unlimited  Unlimited Unlimited Unlimited  8.0x107 2.2x10°¢
U-236 10 270 1x107 2.70x107 24x10°  6.5x10°
U-238 Unlimited  Unlimited Unlimited Unlimited  1.2x10°  3.4x107
U (natural) Unlimited * Unlimited Unlimited - Unlimited  2.6x10°® 7.1x107
U (enriched 5 percent or less)  Unlimited Unlimited Unlimited Unlimited -- (TABLE VIII)
U (enriched >'S percent) ™~ 10 270 1x10? 2.70x107 -- (TABLE VIII)
U (depleted) - Unlimited  Unlimited Unlimited Unlimited --(TABLE VII)
V-48 Vanadium (23) , 0.3 8.11 03 ' 8.11 '6.3x10° 1.7x10°
V-49 40 1080 40 1080 3.0x10° 8.1x10°
W-178 - Tungsten (74) 1 27.0 <. 1 27.0 1.3x10° 3.4x10*
W-181.. .. - 30 .. 811 30 811 2.2x10? 6.0x10° ,
W-185 40 1080 0.9 243 3.5x10% .7, 9.4x10°
W-187 ) 2 . 54.1 05 .. 13.5 2.6x10° - 7.0x10° -
W-188 0.2 5.41 0.2 541" 1.0x10°
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A; AND A; VALUES FOR RADIONUCLIDES (cont.)

TABLE VI

Symbol of  Element and A A A, A, Specific Activity
RadioNuclide Atomic No. (TBq) (C1) (TBq) (Ci) (TBq/g) (Ci/g)
Xe-122 Xenon (54) .02 . 5.41 0.2 5.41 4.8x10* 1.3x10°
Xe-123 0.2 5.41 0.2 5.41 4.4x10° 1.2x107
Xe-127 4. 108 4 108 1.0x10° 2.8x10*
Xe-131m 40 1080 40 1080 3.1x10° 8.4x10*
Xe-133 20 541 20 541 6.9x10° 1.9x10° -
Xe-135 4 108 4 108 9.5x10* 2.6x10°
Y-87 Yttrium (39) 2 54.1 2 54.1 1.7x10* 4.5x10°
Y-88 0.4 10.8 0.4 10.8 5.2x10° 1.4x10*
Y-90 0.2 5.41 0.2 5.41 2.0x10* 5.4x10°
Y-91m 2 54.1 2 54.1 1.5x10° 4.2x10’
Y-91 0.3 8.11 0.3 8.11 9.1x10? 2.5x10*
Y-92 0.2 5.41 0.2 5.41 3.6x10° 9.6x10°
Y-93 0.2 5.41 0.2 5.41 1.2x10° 3.3x10°
Yb-169 Ytterbium (70) 3 81.1 3 81.1 8.9x10? 2.4x10*
Yb-175 30 811 0.9 24.3 6.6x10° 1.8x10°
Zn-65 Zinc (30) 2 54.1 2 54:1 3.0x10? 8.2x10°
Zn-69m 2 54.1 0.5 13.5 1.2x10° 3.3x10°
Zn-69 4 108 0.5 13.5 1.8x10° 4.9x107
Zr-88 Zirconium (40) 3 81.1 3 81.1 6.6x10° 1.8x10*
Zr-93 .40 1080 0.2 5.41 9.3x10°° 2.5x103
Zr-95 1. 27.0 0.9 243 7.9x10% 2.1x10*
Zr-97 0.3 8.11 0.3 8.11 - 7.1x10* 1.9x10°

L , TABLE VI

' GENERAL VALUES FOR A; AND A,

A1 AZ
Contents
TBq Ci TBq Ci

Only beta- ‘or gamma-emitting nuclides are 0.2 5 0.02 0.5°
known to be present. ) .
Alpha-emitting nuclides are known to be 0.10 2.70 2x107° 5.4x10™
present, or no relevant data are available.
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TABLE VIII

ACTIVITY-MASS RELATIONSHIPS FOR URANIUM

o

F

Uranium Enrichment” Specific Activity
weight percent U-235 -
g gr'esent Ci/g TBq/g ’
0.45 1.8x10° 5.0x107
0.72 2.6x108 7.1x107
1.0 2.8x10°® 7.6x107
1.5 3.7x10°8 1.0x10°¢
5.0 1.0x107 2.7x10°% -
" 100 1.8x107 4.8x10°
20.0 3.7x107 1.0x10°
35.0 7.4x107 2.0x1073
..50.0 9.3x107 2.5x10°°
90.0 2.2x10°¢ 5.8x10°
.. 93.0 2.6x10°° 7.0x10°
£ 95.0 3.4x10°¢ 9.1x10° "
* The figures for uranium include representative values for the actiity of the uranium-235 that is cancgn{rgtéd d;mng the
enrichment process *
L8 -
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QUANTITIES OF RADIOACTIVE MATERIALS REQUIRING CONSIDERATION OF THE NEED

APPENDIX P

FOR A CONTIN GENCY PLAN FOR RESPONDING TO A RELEASE

422

-, Release Quantity Quantity

Radioactive Material" Fraction (GBq) (C1)
Actinium-228 0.001 148,000 4,000
Americium-241 0.001 74 2
Americium-242 0.001 74 2
Americium-243 0.001 74 2
Antimony-124 0.01 148,000 4,000
Antimony-126 0.01 222,000 6,000
Barium-133 0.01 370,000 10,000
Barium-140 0.01 1,110,000 30,000
Bismuth-207 0.01 185,000 5,000
Bismuth-210 0.01 22,200 600
Cadmium-109 0.01 37,000 1,000
Cadmium-113 0.01 2,960 80
Calcium-45 0.01 740,000 20,000
Californium-252 0.001 333 9 (20 mg)
Carbon-14 (Non-CO,) 0.01 1,850,000 50,000
Cerium-141 0.01 370,000 10,000
Cerium-144 0.01 11,100 300
Cesium-134 0.01 74,000 2,000
Cesium-137 0.01 111,000 3,000
Chlorine-36 0.5 3,700 100
Chromium-51 0.01 11,100,000 300,000
Cobalt-60 0.001 185,000 5,000
Copper-64 - 0.01 7,400,000 200,000
Curium-242 0.001 2,220 60
Curium-243 0.001 110 3
Curium-244 0.001 148 4
Curium-245 0.001 74 2
Europium-152 0.01 18,500 500
Europium-154 0.01 14,800 400
.El.ll;OE_ium-l 55 0.01 111,000 3,000
Gadolinium-153 0.01 185,000 5,000
Germanium 0.01 74,000 2,000
Gold-198 i 0.01 1,110,000 30,000

~



QUANTITIES OF RADIOACTIVE MATERIALS REQUIRING CONSIDERATION OF THE NEED
., sFOR A CONTINGENCY PLAN FOR RESPONDING TO A RELEASE (cont.)

L. Release’. Quantity  Quantity
Radioactive Material” Fraction (GBq) : (Ci) '
Hafnium-172 < 0.01 14,800 400
Hafnium-181 " 0.01 259,000 ’ 7,000
Holmium-166m 0.01 3,700 100
Hydrogen-3 0.5 740,000 20,000
Indium-114m 0.01- 37,000 1,000
Iodine-125 . 0.5 370 10
Iodine-131 0.5° 370 10 ‘
Iridium-192 0.001 1,480,000 40,000
Iron-55 0.01 1,480,000 40,000 -
Iron-59 0.01 - 259,000 ° 7,000
Krypton-85 1.0 222,000,000 6,000,000
Lead-210 0.01 296 8
Manganese-56 0.01 2,220,000 " 60,000 °
Mercury-203 ] * 0.01 370,000 10,000 °.
Molybdenum-99 0.01 1,110,000 30,000
Neptunium-237 * 0.001 74 2
Nickel-63 0.01 740,000 20,000
Niobium-94 . " 0.01 11,100 300
Phosphorus-32 0.5 3,700 o 100
Phosphorus-33 0.5 37,000 1,000 =
Polonium-210. 0.01 370 10 ‘
Potassium-42 0.01 333,000 9,000
Promethium-145 0.01 . 148,000 4,000
Promethium-147 0.01 148,000 - 4,000 {
Ruthenium-106 0.01 7,400 . , 200 )
Samarium-151 0.01 148,000 4,000
Scandium-46 10.01 111,000 . 3,000
Selenium-75 0.01 370,000 "10,000
Silver-110m 0.01 37,000 1,000 N
Sodium-22 0.01 333,000 . 9,000,
Sodium-24 - 0.01 370,000 " 10,000
Strontium-89_ 0.01 111,000 . 3,000

« Strontium-90 e "0.01 T 3,330° - ) 90
Sulfur-35 ., 05 S33300 0 0 T T 900
Technetium-99 . 0.01 370,000 = 10,000
Technetium-99m 0.01 14,800,000 400,000
Tellurium-127m ..0.01 7 U185,000 5,000
Tellurium-129m 0.01 185,000 5,000
Terbium-160 0.01 148,000 - 4,000
Thulium-170 0.01 148,000 4,000
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QUANTITIES OF RADIOACTIVE MATERIALS REQUIRING CONSIDERATION OF THE NEED
.FORA CONTINGENCY PLAN FOR RESPONDING TO A RELEASE (cont.)

-
Release Quantity: Quantity

Radioactive Material" Fraction (GBq) - (C)
Tin-1130.01 370,000 10,000
Tin-1230.01 111,000 . 3,000 \
Tin-1260.01 37,000 1,000 |
Titanium-44 0.01 3,700 100
Vanadium-48 0.01 259,000 7,000
Xenon-133 . LO 33,300,000 900,000
Yttnum-91 0.01 74,000 2,000
Zinc-650.01 185,000 - 5,000 '
Zirconium-93 0.01 14,800 ‘ 400
Zirconium-95 0.01 185,000 - . 5,000

Any other beta-gamma ‘ ;

emitter 0.01 370,000 10,000
Mixed fission products 0.01 37,000 1,000
Mixed corrosion products 0.01 370,000 10,000
Contaminated equipment, . ; o
beta-gamma 0.001 370,000 10,000
Irradiated material, any form

other than solid .

noncombustible 0.01 37,000 1,000 + N\,
Irradiated material, solid . * o :
Noncombustible 0.001 370,000 10,000 oo
Mixed radioactive waste, L

beta-gamma 0.01 37,000 1,000
Packaged mixed waste,? . . .
beta-gamma 0.001 370,000 10,000
Any other alpha emitter 0.001 74 2
Contaminated equipment,

alpha 0.0001° 740 20

Packaged waste, alpha? 0.0001 740 20

E

: o .“" " - o y ' . - - . -
Y For combinations of radioactive materials, the licensee is required fo consider whether an emergency plan
Is needed if the sum of the ratios of the quantity of each radioactive material authorized to the quantity listed
Jor that material above exceeds one: .

Y Waste packaged in Type B containers does not require an emergency plan.

f e

S
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APPENDIX Q

CONTENTS OF AN EMERGENCY PLAN

Contents of a emergency Plan. ‘An emergency plan for rééponding to an event in which radioactive material
could be released from the site shall include the following information:

a.

b.

Facility description. A brief description of the licensee or applicant's facility and surroundings.

Types of accidents. An identification of each type of radioactive materials accident for which

actions by licensee staff or offsite response organizations will be needed to protect members of
the public.

Classification of accidents. A method for classifying and declaring an accident as alert or site
area emergency.

Detection of accidents. Identification of the means for detecting each type of alert or site area
emergency in a timely manner. ’

Mitigation of consequences. A brief description of the means and equipment that are available

- for mitigating the consequences of each type of accident,‘inl:]udirig those provided to protect

workers onsite, and a description of the program for maintaining the equipment.
Assessment of releases. A brief description of the methods and equipment available to assess
releases of radioactive material.

Responsibilities. A brief description of the responsibilities of the licensee or applicant's
personnel who will respond if an accident occurs, including identification of personnel
responsible for promptly notifying offsite response organizations, including the department.

Plan maintenance. A brief description of the positions assigned and methods to develop,
maintain and update the plan.

A list of offsite response organizations, description of their responsibilities and anticipated
actions, and copy of formal commitments, if any.

Notification and coordination. A brief description of the means to promptly notify the offsite
response organizations and request offsite assistance including

medical assistance for the treatment of contaminated injured onsite workers. The notification
and coordination must include alternate provisions in case key personnel, parts of the facility, or
some equipment are unavailable. The licensee shall also commit to notify the department
immediately after notification of the appropriate offsite response organizations and not later than
one hour after the licensee declares an emergency.

Information to be communicated. A brief description of the types of information on facility
status, radioactive releases and recommended protective actions, if necessary, to be given to
offsite response organizations and the department. A licensee shall allow the offsite response
organizations expected to respond in case of an accident 60 days to comment on the
licensees emergency plan before submitting it to the department. A licensee shall provide
any comments received within the 60 days to the department with the emergency plan.
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Training. A brief description of the frequency, performance objectives and plan for training that
the licensee or applicant will provide workers on how to respond to an emergency, includin- -y
special instructions and orientation tours that the licensee or applicant will offer to fire, poliv/
medical and other emergency personnel. The training shall familiarize personnel with site-
specific hazards and emergency procedures. The training shall also prepare site personnel for
their responsibilities in the event of accident scenarios postulated as most probable for the
specific site, including the use of dnlls, exercises and team training for such scenarios.

- Dnlls and exercises. Provisions for conducting quarterly communications checks with offsite
response organizations and biennial onsite exercises to test response to simulated emergencies.
The licensee or applicant shall invite offsite response organizations to participate in biennial
exercises. The exercises shall use accident scenarios postulated as the most probable for the
specific site and the scenarios may not be known to most exercise participants. Critiques of
exercises must evaluate the appropriateness of the plan, emergency procedures, facilities,
equipment; training of personnel and overall effectiveness of the response. Deficiencies found
by the critiques must be corrected.

Safe condition. A brief description of the means of restoring the facility and surroundings to a
safe condition after an accident.

Hazardous chemicals. A certification that the applicant has met its responsibilities under the
Emergency P]annipg’and Community Right-To-Know Act of 1986, Title III, Pub.L.99-499, if
applicable to the applicant’s activities at the proposed place of use of the radioactive material.
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APPENDIX R
EXAMPLES OF SEVERITY LEVELS

The following examples of severity levels apply to licensees or registrants and are neither exhaustive nor
controlling. They reflect only the seriousness of the violation and niot the intent of the violator, the history of
the violator, the amount necessary to deter fu!ure viq]ations, or efforts to correct the violation.

A. Severity Level 1 - Most Significant Violations.

""1-Exposure of a worker in excess of 250 mSv (25 rems) of radiation to the whole body,v’o’r 1.50 Sv ;
(150 rems) to the skin of the whole body, or 3.75 Sv (375 rems) to the feet, ankles, hands, or forearms.

2. Annual whole body exposure in excess of 25 mSv (2.5 rems) of radiation to a non-radiation
worker or a radiation worker who is a minor.

’

3. Release of radioactive material to an unrestricted area in excess of 10 times the limits specified in
this chapter.

4. Radiation levels, contamination levels, or releases that exceed 10 times the limits specified in this
chapter or.the license.

5. Disposal of licensed material into a sanitary sewerage system in quantities or concentrations which
exceed 10 times the limits of s. HFS 157.30 (3).

6. Exposure of a worker in a restricted area to 10 times the limits of s. HFS 157.22'(1).

~ 7. A required system or equipment designed to pre\}ént or mitigate a seriolis safety event not being
operable when actually required to perform its designed function. ‘

. 8. A material false statement in which the statement made is deliberately false. B
9. Action by management to discriminate against an employee for attempting to communicate or for
actually communicating with the department to report a real or suspected violation of this chapter or license
condition.

10. Deliberate exposure of an individual except by or under the supervision of an individual licensed
to engage in the healing arts. o - ‘

11. Refusing authorized department personnel access to facilities, equipment or records necessary to
conduct inspections or investigations. -

12. Possession of licensable quantities of radioactive material without a license or loss of control of a
source of radiation.” ‘ : ; 1 ..

13. Falsification of records required by this chapter in which the records were deliberately falsified
by or with the knowledge of the licensee or registrant.

tiaan y

14. Licensee or registrant failure to promptly respond to an emergency that has actual or potential
offsite consequences.

15. Operating 2 mammography facility without proper<éei'tiﬁcation.
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B. Severity Level 2 - Very Significant Violations. ) - S

1. Single exposure of a worker in excess of 50 mSv of radiation to the whole body, 300 mSv to the
skin of the whole body, or 750 mSv to the feet, ankles, hands or forearms.

2. Annual whole body exposure in excess of 50 mSv of radiation to a non-radiation worker or
radiation worker who is a minor.

3. Release of radioagtive material to an unrestricted area 1n excess of 5 times the limits of s. HFS
157.23 (2). .

4. Radiation levels, contamination levels, or releases that exceed 5 times the limits specified in this
chapter.

5. Failure to immediately notify the department as required by s. HFS .157.32 (1) and s. HFS 157.32
(2) (a) and (b). =

6. Unauthorized disposal of licensed material in quantities or concentrations in excess of 5 times the
limits of s. HFS 157.30 (3).

t

7. Exposure of a worker in a restricted area 1 excess of 5 times the limits specified in s. HFS 157.22.

8. A required system designed to prevent or mitigate a serious safety event or Unnecessary exposure
is absent or inoperable. g

9. Failure to obtain appropriate department approval before moving to a new use or storage location.

10. A material false statement or a reporting failure involving information which, had it been
available to the department and accurate at the time the information should have been submitted, would have
resulted in regulatory action or would likely have resulted in the department seeking further information.

11. Radiation output on ﬂﬁorf)scopic devices which exceed 200 irle per minute in high rate mode.

12. Failure to register sources of radiation as required by this chapter.

.13. Operating a mammbgrap}iy facility without qualified pérsonnel, under 21 CFR Part 900.

C. Severity Level 3 - Significant Violations.

1. Single exposure of a worker in excess of 30 mSv (3 rem) of radiation to the whole body, or 75
mSv (7.5 rem) to the skin of the whole body, or 187.5 mSv (18.75 rem) to the feet, ankles, hands or
forearms.

2. A radiation level in an unrestricted area such that an individual could receive greater than 1.0 mSv
(100 millirem) in a one-hour period or 5.0 mSv (500 millirem) in any 7 consecutive days.

3. Failure to notify the department immediately as required by s. HFS 157.32 (2) (a) or failure to
notify the department within 24 hours as required by s. HFS 157.32 (2) (b). : ~/
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4. Substantial potential for an exposure or release in excess of the limits of this chapter, such as entry
into high radiation areas without performing an adequate survey or operation of a radiation device with a
nonfunctioning interlock system, if one is required.

z

5. Release of radioactive material to an unrestricted area in excess of the limits of s. HES 157.23 2).

i

6. Unauthorized disposal of licensed material not covered in"severity’levels Torll
7. Exposure of a worker in restricted areas in excess of the limits of s. HFS 157.22 (1).

8. Release for unrestricted use of radioactive matenial or contaminated equipment which poses a
potential for significant exposure to members of the public, or which reflects a programmatic rather than
isolated weakness in the radiation safety program.

N 1

9. Cumulative worker exposure regulatory limits in this chapter when such exposure reflects a
programmatic rather than an isolated weakniess in radiation protection. '

+

+10. Any noncompliance with posting, labeling, placarding, shipping papers, packaging, loading, or
other transportation requirements that could result in the following: )

a. Improper identification of the type, quantity, or form of material.
b. Failure of the carrier or recipient to exercise adequate controls.
c. Substantial potential for personnel exposure or contaminatior.

d. Improper transfer of material.

1211. Fallure‘to control access to licensed materials as specified by this chapter.

1312. Possession or use by a licensee or registrant of a‘unauthorized radiation machine or radioactive
material in conducting registrant or licensee activities.

1413. Radiation levels, contamination levels or releases that exceed the limits specified in the
license. : ' '

. .3514. Failure to use exposure reduction devices properly, such as collimators, filtration or patient
shielding.

1615. Failure to hosbitalize patients who have sealed source implants or therapeutic quantities of
radioactive material in accordance with the license or license conditions.

D. Severity Level 4 - Violations.

.~

1. Exposure in excess of the limits of s. HFS 157.22 (1) not constituting severity I, 1, or 111
violations.

2. A radiation level in an unrestricted area such that an individual could receive greater than 0.02
mSv (2 millirems) in any one hour period or 1.0 mSv (100 millirems) in any 7 consecutive days.

3. Failure to notify the department within 30 days as required by s. HFS 157.32 (3).
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4. Failure to make a follow:-up written report to the department as required by s. HFS 157.32 (1) (b)
or s. HFS'157.32 (6). . .

5. Failure to conduct required leakage or contamination tests or to use properly calibrated equipment.

6. Unless speciﬁéd in a more severe category, changes in procedures or other conditions of a license
or certificate of registration of which the department was not informed, such as change of address, change of
person in control or changes in the use of registered or licensed devices.

7. Failure to maintain‘complete records and forms required by this chapter.

8. Failure to report medical events as required in s. HFS.157.72.

9. Failure to report a dose to a embryo, fetus or nursing child as required by s. HFS 157.72 (2).

10. Fiuoroscopic systems where the maximum table top skin entrance exposure rate is 100 mGy

(11.5 R) per minute having test values greater than 140 mGy (16.1 R) per minute but less than 200 mGy (23
R) per minute. ‘ .

11. Radiographic systems in which it is possible to produce x-rays with the timer in the zero or off
position. ]

i

12. Radiation therapy systems in which the registrant fails to maintain proper surveys, calibrations,
spot checks or operating procedures. .

E. Severity Level 5 - Minor Violations. U/

1. Failure to maintain a current copy of this chapter and current copies of active licenses or
certificates of registration.

2. Failure to post notices required by this chapter.

3. Failure to report leaking sources as required by s. HFS 157.72 3).

4. Other violations that have minor safety or environmental significance.
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APPENDIX S

COURSE OUTLINE FOR PORTABLE GAUGE AND XRF DEVICE
RADIATION SAFETY TRAINING PROGRAM  ~ -

The following are areas in which the department considers it 1mpor1ant that an individual have exper’use for
the competent operation of portable gauges and XRF dev1ces using sealed sources of radloactlve material.
The course shall be at least 8 hours in length.

ke

I. PRINCIPLES AND FUNDAMENTALS OF RADIATION SAFETY

A. Types and Characteristics of Radiation

1. Alpha, Beta, Gamma, X-ray and Neutron Radiation ’ , ..
2. Exposure: Natural versus Man-made Radiation )
3. Irradiation versus Contamination/Internal vs. External

4. Radioactive Material Used in Portable Gauges and XRF Devices

B. Units of Radiation Dose and Quantities of Radxoactmty

1. Curie, Rad, Rem and Roentgen . - -

2. Prefixes T,
3. SI Units - ’

C. Basic Math and Calculations Related to Radioactivity L

1. Radioactive Decay - t
2. Dose Rates from the sources commonly used : ‘}
3. Inverse Square Law e

D. Biological Effects of Radiation - :
1. Acute, Chronic and Genetic Effects of Exposure ’

2. Radiation Protection Standards

3. The ALARA Philosophy

E. Radiation Levels From Radioactive Sealed Sources
1. Survey Meter Use for Portable Gauge Users, not including XRF devices

F. Methods of Controlling Radiation Dose
1. Time ,

2. Distance

3. Shielding

II. STATE AND FEDERAL REGULATIONS

A. Chapter HFS 157, Wisconsin Administrative Code

B. Title 10, Code of Federal Regulations, US Nuclear Regulatory Commlssmn
C. Title 49, Code of Federal Regulations, Transportation

III. LICENSING AND INSPECTION
A. License Items and Conditions

B. Notices, Instructions and Reports to Workers
C. Inspections by the Department
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IV. OPERATING AND EMERGENCY PROCEDURES
A. Operating Procedures

1. Training and Supervision -

2. Personnel Monitoring

3. Availability of Procedures

4. Security of the Gauges_ or Devices When Stored and At The Work Locatxon

5.ALARA Ph1losophy
6. Transportation of the Gauges or Devices and Security
7. General Rules of Use
8. Posting Requirements
9. Routine Maintenance

10. Radiation Surveys Using Survey Meters at the Work Site for Portable Gauges

B. Emergency Procedures

1. Preventive Measures

2. Emergency Response

3. Notification Requirements
4. Case Histories

V. TRANSFER/DISPOSAL REQUIREMENTS
A. State and NRC Regulations
B. Transportation Requirements

VI. PRACTICAL TRAINING

A. Transport/Storage Containers

B. Hands-on Training Specific to the Gauge or Device

1. Proper Use

2. Safe Handling

3. Calibration of XRF Device Including Substrate Corrections
4. Demonstration of Measurements of Various Materjals

5. Use of Survey Meters by Portable Gauge Users.

VII. Q&A SESSION
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