
_ _
. - _

j O
d'L;

'

t.ean #18 U.s soucL t AR 160VLATOR Y COMt000840N
__, _

j

;+ '

l' IHb FI 4
APPItDVSD #1 Casp j

l' m eo APPLICAT60N FOR MATERIAL LICENSE Stat.e.ts.o l
10 CFR 30. 32. 83. $4. :

tm. . as M

I. |
r

aattTptuCTIO8es Ett THE APPHOPRIATE LICENSE APPLICATION OWDE FOR DETAILED INSTRVCTIONS FOR COMPLETING APPLICATIA $END TWOCQPl($
OF THE ENTIRE COMPLETED APPLICATION TO THE NRC DFFICE $P(CiFiKO DE LOW, .j

'

APPLICATe00st F98t Di$itH3LfitDN (sf F.htMPT PRODUCTS PILE APPL 4CATIOass WITH: If YOU Amt 40CAf tDIN:

U S NUCLGAm 888001ATORY cohetAisnsoN eL CaNO:s INDIAlsA. 00e A. edlCHICAN, MINNt601 A, Mitt 00RI,0H10,0R
! Dr#$80N Os sugt cyclI AND MAf th6AL EMETY, NMS$ WipCONtIN SEND APPLichT10t'5 TO:

WASHiev0TDes. DC 31806"

U $ NUCLi AR PlOULATORY COMMitSION, AtOl0N fH i
ALL OTNeR Passt08st FILE APPLICATe0est AS 90LLOWS.17 YOU Akt Matt RIALS LICENtiNo stCTfDN ;

} LO W PD8N. T39 RoostVf LT ROAD

COIgaggCT9 CUT, htL AWAkt. De8T8HCT Of COLUM86A. MAltit, lin AkVLAisD.
*

I

.
MAttACMutt'TT& IstW HAMPSHIRE. New J4httY. IstW YO8Ih. PthestTLyANiA. ARuosgAg, cpLOR 400, 3DANO, a nasgAg, LOutsi AN A. anONT AlsA. htbh Atk A, |

he4006 ISLAlso. OR VtRM0erT. etesD APPLICATeOsst 70 setW ant ksco, eson1H DAk01 A, OA LAHOMA,60.1TH DAKOT A Tf.R AS. VT A*t, !'

U $ Nuf44 AR RIOULATOPY COMMt$500N, ht010N i
'

eduCLE AR eAA5tiwAl $ $4f*TT GECTI0ld $ U l WUCLE AR RIOUL ATORY COMWISts0N Rt GION (V
G4 ALLtNDAtt ROAD WAf TRIAL Rt.DIATION I ROTECTION $tCil0N *

'j, EING Of PRUS$1A, PA 19806 6'l 8tVAN Pke I A DRIV E. 8vitt 10LIO

ALAGAd4A. PLOAIDet. GIOn011. Rist10f;KY. M4946tPPs. Iv0flTH CAHOLIN A.
PUERTO fuco. DOVTH C ARoteesA, TassNG$904. VIROIN1 A. VIROIN sSLANDS. OR AL Asn A. ARIroN A, cALIPORNI A. HAW AN, NtVADA, OkdOON. WASHits0 TON,
WEST Vlfl0MHA. 98000 APPLICATIOest 70. AleD U.S. T391RITOR8tB AND POOP 48I180a*5 IN THE PACIP IC. 43 Nn A?PL6CAfleedil

O $ NUCLt AM RIOVLATORY COMMISE10N. Ptolo's t!
NGCtAR egAYtRiALS t Af f?y $tt160N U $ NUCLE AR RttlULATORY COMM'SE'% R1000N Y jU1 hSARitTTA $faltti, $Uf70 3000 ItutLE AA MAf tniate f> aft ff 6tCTsDN4f LANT A, OA M32J geac MARIA LANI. Sulit 210

WALNLff CRtIll, CA D0808

PSR$0'st LotATSD tt AGfitetetWT ST Af tS StND APPLICAT10ess TO TH4 U 6 kUCLi AR RIOULATDRV COMIflDt10N OWLY IP THEY Wl5H TO P0billM A060 UGE LfCtedtED B4ATtht&L |

885 |
_ST,,7to SUBJSCT TO U.fs NUCLEAlt At UULATQs Y C0ena43CLO% #98990007EDN

'

;

1.THl318 AN APPLICATION FOR (0 sere appreeroep shm/ 2.NAtti AND MAluNo ADDRis3 0F APPLICANT isarivalr 4 Coset
'

University of Wisconsin-

s aW L,CINst

Reactor Director )'~

..A=N0cNn0Uel m NU..ea _ __

] C. RtNeWAt 0, UetN t NUM.im _ SNM-116 142 Mechanical EngineeMng Birig.
,

Madison, WI 53706 :

3. ADOntasit$lWHtRE LICtNSID MATE RIAL WILL $8 USID OR PotstutD.

Madison campus of the University of Wisconsin

| TELEPHONE NUMetR |4. NAME OF PERs0410 66 CONT ACitD Aeouf Tr's APPUCATION

R. J. Cashwell 608-262-3392 .

t

6utMIT titMS 8 THROUGH 110N 816 s it" PAPf R. THt TYPt AND 8COPC 0F INFORMATiON T0 tt PfiOVIDED 8S Dt&CRi600 lN THE 4 tCtNSt APPLtCATION OUlDt. ,

%. MD OAC'lVE MATtRSAL
themtre endler ptiveesel form, one s. moniehom emc..at S. PUNPO4f12) POR W:HCH LICINSED MAf tRi&L WILL $t USEDa t asenent anc mass nemte , it s

er*lich erl?l tu psNasagul et any tw time.
_

' " ' ' '" " " " '" 9 TRAINING FOR INDIViDUALB WORKING IN OR FRt0UtNTINQ RESTRICTED arf AG.
AIN6 eQ t C3

6. F ACILIT!!y AND tQUIPMENT. 16. RAhlef tO*llAFL /v PR00 NAM

?2 LICNE;C f;t&.Le 8C &# AYsEderpan ti't M
n. cam MA=AoteNT. ; ,,,,,,,,,,, gjg |gcy,Ng, , g
13. Ctf4TIFICAT10N. (48ust 8w temp 4fspy app 4 tent / THE APP tCANT UNDLR$1 ANDS THAT ALL gf atiMENTS AND RtPRt$5 NY ATICNS MADE tit THIS APPLICAfl0N AREh

SINDINQ L'PON T*tt APP (tC ANT.
THE APPLICANT AND ANV 0FFICIAL ExtCUTING Thl8 CERTIFICAfl0N ON atHALP OF THE APPUCANT NAlf'D IN PEM O.C6Rm f THA fMiG A60LICAT10N 18
PREPARtb IN CONronatiT'i WITH TITLE 10.C0bt Of PE btRAL RWOULAT10N$. P ART 8 30. 32,33. 34. bo. AND 40 AND THAT ALL sNFORMAfl0N CONT A Af D ht AtlN,
18 TR97 AND CORRECT TO THE DEST Of THilR e,NOWL400f AND DEUEP.

~

' P* RNING.18 U4 C. StCTION 1001 ACT OF JUNG 21. that. 82 FTAY. 749 MAlets rf A CRiW!NAt op ptN$t TO MAnt A WILLf ULLY # AL$t ST ATEMENT OR REPRESENT ATION
> TO AN'T DEPARTMENT OR A0tNCY OF TMt UNITED $1 Af t4 AS TO ANY MATTIR WITHIN ITS JuPt3 DICT 10N

M h uRt-Cf TtFYINO F lCt R TVPLD!PMINTLO NAME TIT L t Daft

R. J. Cashwell Reactor Director4jW
/,

-.

9002010030 090323
REQ 3 LIC70
SNM-0116 PDR

m W I TT
. . _ tJOR kBC$ 4[ /# #]

TV,50Ffts et 00 (/ tt CATEGORY CO 18 \ n,, E l ' 3 } APPROYt D $ V

fJ f 5I wfb.ff ),

DA,t ,/p 7
- ,RtCE. - ---

00NTP0L NO B 5 5 6 1 h
_.



(d y ig y .g ,
,e

n

p'
. . .

.,& <, ,

5.' Byproduct, source,and/or Chemical and/or physical Maximum amount that
- -

!

f .special nuclear material form licensee may possess at.

t ; any one time under this :
,

g .' license !
-

;

'A. Plutonium 239 A. Sealed neutron sources. A. 80 grams total (Five' '

e sources of I curie
'

each) :

B. Plutonium 239 B. Plated Alpha Sources B. 12.7 micrograms ,

e C. Uranium: C. Enriched uranium as C. 10 grams (90% 1
'* plated sources in enrichment)

"

fission detectors- '

D. Uranium- D. Enriched uranium D. 10-grams !

contained in foils*

.

or as oxide pellets >

!E. Uraniut E. Uranium metal E< 2,550 kilograms
encapsulated in i
aluminum cans

'

'

6. Authorized Use-
A. Encapsulated neutron sources to be used in conjunction with a subcritical

assembly or for other laboratory experiments requiring neutrons or for
instrument calibration.

B. As alpha standards for calibration of' instruments.
.

C. Plated sources in fission detectors for measuring neutron flux.
D.. Laboratory analysis of irradiated samples and/or measurement of neutron flux.
E. As' fuel-in a subcritical assembly for instruct <onal purposes.

7. Activities will be carried out by or under the'suprvision of the following
-personnel:-

\

R. J. Cashwell-(B.S. Nuclear Engineering). Experience since 1958 in the use of
riFation ancIradioactive materials. Formerly University Health Physicist,
presently Director of University of Wisconsin Nuclear Reactor, Licensed Senior'

Reactor Operator.

|R, R. Radtke (M.P.H.-Radiological Health), Director of Safety Cepartment,'

Dniversity of Wisconsin, formerly Health Physicist.
W.-F._'Vogelsang(PhD. Physics). Experience since 1955 in operation of reactors

Eand i:ritical experiments,. neutron diffraction, and teaching Nuclear Engineering
e laboratories Senior Reactor Operator.

Susan _J. Engelhardt professional Health Physicist since 1978, currently:
. University of Wisconsin Health Physics Supervisor.
Stephen M. Matesewie (M.S. Fine Arts). Six years navy operating experience,
handling radioactive materials since 1966 as an operator and Senior Reactor
0perator at.the University of Wisconsin Nuclear Reactor, licensed Senior-

_.

Reactor Operator.
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p 8. All individuals using radioactive material on campus (excepting students in
; departmental laboratory courses) must be trained in material covered in the

attached " Radiation Safety'for Laboratory Technicians"'and must pass a written
examination on the subject matter. Students in laboratory courses of the Depart-
ment of Nuclear Engineering and Engineering Physics have had training in,.

radiation safety subjects and are further trained per the attached outline " Student,

i Laboratory Orientation"_ The smaller scope of the training of the laboratory
' students is justified by their formal academic training and by the fact that

they do not deal with materials in chemical and physical forms that are likely'

to become internal body burdens.

p 9. Equipment and procedures to be used with materials:
,

'
A. All work with radiation or radioactive materials on the university campus i

must comply with the current version of " Radiation Safety Regulations" as '

,

approved by the University Radiation Safety Committee. Procedures, dose :
F

limits, and applicable state and federal regulations are reflected in this 1-

document (most recent copy attached). Information on disposal of radio- !
active material and personnel monitoring is contained in the " Radiation '

Safety Regulations". Sealed sources are leak tested semi-annually and
alpha emitting sources are leak tested quarterly in a manner capable of

'

;

detecting less than 0.005 microcuries of removable activity.

B. Pu-Be sources are stored in metal drums filled with paraffin or other
moderating material in sufficient thickness to provide personnel protection. |

Sources are handled with tongs or special source handling rods which screw
into the source body. Portable neutron survey meters (" Snoopy". Eberline
PNR-4 and BF-3 types) are available as are numerous beta-gamma survey ,'

meters.

C. Plutonium alpha sources are stored in closed containers which will contain
any leakage. The sources are designed to enable handling without touching
the active surface. Alpha survey instruments are available.

D. Fission counters are encapsulated by the outer can of the detector. |

E. Dissolution or chemical treatment of material will Se carried out in fume i
hoods with appropriate filters and monitors to insure compliance with .

University Radiation Safety Regulations. Mechanical processing of the 1'

materials will take place in processing equipment so constructed as to
contain and/or prevent the spread of Special Nuclear Material. The material

,

will be stored in closed shielded containers when not involved in the
processes.

F.. The natural uranium slugs are stored in water in the sub-critical assembly.
The assembly is shielded by seven inches of water on the sides and five t

inches above. It sits on a concrete floor. Up to three Pu-Be sources
are located within the assembly. Neutron fluxes at the tank surfaces are ,

less than five neutrons /cm2/sec. Gamma flux is less than fifty photons /cm2 sec. !/

-10. The Radiation Safety Program is described in the University of Wisconsin
" Radiation Safety Regulations" as currently approved by the University Radiation
Safety Committee. The program is reviewed and changed from time-to-time, so
changes are likely to occur over the life of the license.

11. Waste Management is described in section XIX of the " Radiation Safety Regula-
. _ti on s " . Insignificant quantities of waste are generated by activities under
this license.

CONTROL ?0.8 5 5 6 1 ,
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STUDENT LABORATORY ORIDITATION 11ANDOUT

1. EVACUATION PROCEDURE.

L

The evacuation alarm consists of coctinuous horns and flashing lights. - If e

you hear.the alarm,-evacuate immediately to Mechanica) Engineering Building Lobby |
or point more distant from the Reactor Laboratory. Do not take route that will
get you closer to the Reactor Laboratory.

,

Do not re-enter area until given all-clear signal by reactor operation staff
L member. -

t .

2. . RADI0 ACTIVE MATERIAL HANDLING_

,

You will be handling. sealed sources, alpha se.utces, and material irradiated !
'in the reactor.

,

t

A. Always wear personnel dosimetry equipment provided on front of body,
between waist and neck.

,

'
.

B. Always survey any iten other than the small check sources stored in the '

Counting Laboratories.

C. Do not touch surface of alpha sources or foil surface of beta sources.-

D. Always handle irradiation foils with tweezor.

* '
E. 'Any sample irradiated in the reactor must be ascumed to be contaminated.,

;
Always (1) Wear gloves.

(2) Wash hands afterwards,
(3) Survey handa and report to lab instrueror or reactor staf f if,

contamination is found.
.;

F. Never place radioactive material in regular trash cans. Specially marked
stainless steel cans are available for radioactive waste disposal. ALWAYS
consult instructor before disposing of radioactive material.

G. No smoking, eating, or drinking in any areas where radioactive material
is scored or used.

H. You should wash handa before leaving laboratory areas. Leave personnel
dosimeters-in racks provided.

I. Although the Nuclear Engineering Department has made extensive efforts to
prevent your exposure to hazardous materials, radiation safety precautions

E are stressed as part of your training.

J. Special instructions regarding radiation exposure to females are contained
in Regulatory Guide 8.13. Ask your instructor for a copy of this guide to
read.

K. Radiation exposure records are posted on the Reactor Laboratory bulletin
board and you may obtain information on your radiation exposure upon
request. ,

,

_ l
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3.- SECURITY.

'

. 2 . . .

u"' |A. A11 areas containing radioactive material must be locked if not occupied,'t by persons familiar with radiation safety.'

1B.. The Reactor Laboratory is a-highly restricteo.arca.: You most be, ,

accompanied by your instructor or reactor staff to remain in.the area.
DO NOT--BLOCK OPEN DOOR OR ATTEMPT TO DEFEAT LOCKS.

C.
-

Do not attempt to operate or adjust equipment except on laboratory set-,

j:. .ups under direction of laboratory instructor or reactor.' operating staff.

.
D. Always report any condition you feel'is potentially unsafe to-your.

[-| ' instructor or the Reactor Supervisor.
. >

, ,

E. . Refer any questions on radiation safety to instructor or laboratory staff.-.
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Information Sheet to accompany

The booklet " Radiation Safety for Laboratory Technicians"is written for laboratory technicians,
students and other persons who work with tracer amounts of radionuclides. Anyone working in a labora-
tory containing more than a minimum amount of activity (Table II, page 2) should receive instruction in

. the nature, detection and biological hazards of radioactivity; the steps which can be taken to reduce
radiation exposure and have an awareness of current regulations regarding radioactive materials. In some 3'
cases principles have been simplified and rules summarized for casier understanding, but the basic facts are
correct. As an example, the more common term " radioisotope"is used throughout the booklet instead of
the less familiar but more correct term "radionuclide." ,

J

The questions at the end of each chapter are an integral part of the booklet. They check on the
level of understanding which has been achieved, At the end of the book there is another series of questions
designed to be removed and kept on file. The completed answer sheet will demonstrate the extent ofinstruc-

.

tion and depth of understanding of the material by each technician. All workers should review this material '|
and be retested at least once every three years. j
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PREFACE TO THE READER

Every person working with radioisotopes should know something about them and their effects.
Table I lists the topics covered in this booklet.

Table I
{

Required Knowledge for Persons Working With Radioisotopes

1. Nature and Characteristics of Radiation and Radioactivity.
2. Radiation Detection.
3. Possible Hazards of Radiation including llazards to the Fetus.
4. Safety Practices Which Can Reduce Radiation Exposure to Workers and the Environment

j 5. What to Do if Something Goes Wrong.
6. Current Regulations and License Provisions.

Anyone issued a film badge or working in a room containing amounts of radioactivity greater than
those listed in Table 11 should receive adequate instruction in these topics.

De required depth and extent of knowledge depends on the amount, type, and chemical form of
radioisotopes a person works with, and the hazards associated with the radioactivity. Each individual is
responsible for clarifying any questions regarding his working conditions. A person cannot be fired or dis-
criminated against for asking questions about radiation safety procedures. The phone number of the

) Radiation Safety Officer is 262-8769. You don't need the permission of anyone to call this office or to ask
questions.

Every person working with radioactive material has the right to inspect the current applicable
regulations and a copy of the current license. Each laboratory should have a copy of University rules and
regulations and the operating procedures which are also available for inspection. Every person who wears a
film badge has the right to request the record of their annual exposure.

The glossary in the back of the book will explain any new words used in the text. De questions
at the end of the each chapter are designed to help you decide whether or not you understand the material
in the chapter. If you are not sure of the corre amer, look back in the chapter before answering the
question. Be sure you can answer all the questions correctly oefore going on to the next chapter. De correct
answers are given in the back of the book.

f At the end of the booklet there is a final group of questions covering all the materia!. If you don't
| know the answer to one of the final questions,look it up in the proper chapter. After you have answered all

of the questions, tear out the sheet and turn it in to your supervisor. You should be able to answer all of the
questions correctly.

If you toutmely work with more than one millicurie of radioactivity or if you supervise other
workers using radioisotopes, then you must have a more thorough understand:ng of radiation protection
and safety than you can obtain from this book alone. Contact your supervisor or the Health Physics staff
for more complete instruction and background materials.

I

_ _ _ _ _ _ _ _ - - - _ - _ . _ - _
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Table 11 -

Persons working in rooms containing more than these amounts of radioisotopes should receive additional
' instruction.

Amount
isotope (microcuries)

Tritium 10,000

Carbon 14 1000

Sodium 22 10

. Sodium-24 100

Phosphorus-32 100

Sulphur 35 1000

Calcium 45 100

Chromium-51 10,000

Cobalt 57 10

' Cobalt-60 10

Nickel-63 100

Zine-65 100.
Selenium 75 100

Technetium 99m 1000

lodine-125 10

Cesium 137 100

,

i
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Chapter 1 - Radiation and Radioisotopes
Radioactivity is the name we give to the natural breakup of atoms. Atoms are made up of a dense

positive core called the imc/cus which is surrounded by electrons. The nucleus contains protons which
carry a positive charge and neutrons which are as heavy as protons, but have rero charge. Electrons are very .
light and have a negative charge.

%c chemical properties of an atom are determined by the number of protons in the nucleus. For
example, every atom which has six protons in its nucleus is a carbon atom. Different numbers of neutrons
may exist in a carbon nucleus; there can be five, six or seven or eight. Each of these atoms is a different
isotope of carbon. Figure I illustrates the isotopes of carbon. All elements have isotopes. Some isotopes are
stable and some are unstable. An unstable isotope has too many protons or too many neutrons in its
nucleus. To get rid of the excess the nucleus decays to a different nucleus by throwing out (emitting) parti-
cles and energy. This is the property we call radioactivity. There is no way to alter the decay of a radioiso-
tope. To activate materials means to make them radioactive. This can be done by putting the materialin a
nuclear reactor. if something touches a radioisotope,it may become contaminated with radioactive material
(see Chapter 6), but it doesn't become radioactive.

CARBON 11 CARBON 12 CARBON 13 CARBON 14

o e e*. .e%e
ne s*e

e :e
e e s >e ,ee. e .

ee g , egeIe# e
0ee' O G e o ce e

II 12 13 l4
C C C C

6 PROT 0NS 6 PROT 0NS 6 PROTONS 6 PROT 0NS

5 NEUTRONS 6 NEUTRONS 7 NEUTRONS 8 NEUTRONS :

UNSTABLE STABLE STABLE UNSTABLE

IS0 TOPES OF CARBON
Figure 1

Every radioisotope has three important properties:

1. Emitted particles
2. Particle energy
3. Ilatf-life

Particles j

When a radioisotope decays, it may give off an alpha particle, a beta particle or a gamrna ray. 1

!Table 111 presents the properties of these three decay particles.

l
4.
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Table 111

;Name Symbol Properties

Alpha Particle a Short range-easy to shield
Beta Particle (or beta ray) # Moderate penetration-possible to shield

.

Gamma Rays (photons) y Very penetrating-difficult to shield against

Alpha particles have two positive charges and a very short range. This means that they are not usually a
biological hazard unless they get inside the body. Beta particles are fast electrons with a single charge. Low- i

energy beta particles are easy to shield against and are a hazard only if they are inside the body. Higher- j

enerCy beta particles have greater penetration and can be a hazard even if they are outside the body. Gamma !

rays are similar to visible light but have higher energy. They are very penetrating and should always be
considered a hazard to the body, i

Energy
The energy and kind of a decay particle determines its penetration, and how much shielding will be frequired. Decay energy is given in kiloelectron volts (kev) or million-electron volts (.MeV). An electron volt

'is a unit of energy. Higher energy particles are more penetrating. Gamma rays need more shielding than
alpha or beta particles. |

Half-life
Radioisotopes are always decaying so the amount remaining is continually decreasing. The half- !

life describes how fast the decay is taking place (rate of decay). The half-life (T ) is the time required for the3
amount of radioisotope to decrease to halfits original amount. Figure 2 shows a plot of the decay of a radio-
isotope having a half-life of I day. We have plotted the amount of radioisotope left after 1,2,3, etc. days
so that you can see how rapidly the amount decreases. ;

i
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Activit)
The amount of radioactive material is measured by how many nuclei decay each second. This is

called the activity and is measured in units of curies. The abbreviation for curie is Ci. One curie represents
37 billion disintegrations (decays) per second (3.7 = 10'odps). A millicurie (mci)is 1/1,000 of a curie and a
microcurie (pCi) is one millionth part of a curie. Referring to Figure 2,if we start with 100 microcuries of
material, by the end of the second day we will have only 25 microcuries and at the end of the fourth day
there will only be 6.25 microcuries. His still means there are over one quarter million disintegrations per
second, even after four half lives.

Roentgens, Rads, and Rems
When alpha, beta or gamma radiation passes through matter,it forms ions by knocking electrons

loose from their atoms. This separation of electrons from their atoms is called ionimtion and is illustrated in
Figure 3. lonization makes X and gamma rays different from other electromagnetic radiations such as light
rays or radio waves. We use the ionization to measure X rays by collecting all the ions formed in a volume of
air. When you collect one electrostatic unit (e.s.u.) of charge in a chamber which contains 1 gram of dry air,
you know that I roentgen has passed through the chamber. Thus the roentgen is a measure ofionization in
air. His is the definition of the roentgen. It is a fairly large unit so we often divide the roentgen into units of
milliroentgen (mR) which correspond to 1/l.000 of a roentgen.

The rad is a unit of absorbed dose and equals 100 ergs deposited in one gram of matter. Although
the roentgen is a unit of radiation exposure in air while the rad is a unit of exposure in tissue,the two units
are very close in-magnitude, in fact, I roentgen produces 0.96 rad in tissue.

GAMMA RAY

f
/ ELECTRONA

GAMMA RAY
~ N

~g

(i
o

NEUTRAL ATOM POSITIVE ATOM

IONIZATION

Figure 3

;

The rem is a unit of radiation dose used in radiation safety to equalize various kinds ofirradiation.
When rads are multiplied by a quality factor (QF), which can vary from I to 20, the result is rem. In mrt
cases absorbed doses in rads and the dose equivalent in rems are numerically equal.
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Table IV

Common Radioisotopes - '

Principle Characteristic
Decay D..-rgy

Isotope . Symbol-' HalfItfe Products (ke l')

Tritium ' H 3. 12.6 yrs. #. 6

Carbon-14 . C-14 _ $700 yrs. # SO

Sodium 22 Na 22 2.6 yrs. y. 510, 1275 i
'

Sodium-24 Na-24 15 hrs, y 1370, 2750m

* Phosphorus 32 P-32 , 14 days 'S 690 |
Sulfur 35 ' S 35- 88 days # 50
Calciumd5 Ca-45 165 days # 75- ,

Chromium'-51 Cr 51 - 28 days 7 320 1

Cobalt 57 Co-57 270 days y 122 |

c''
Cobalt-60 - Co-60 5 yrs. y 1300

Nickel-63 Ni-63 92 yrs. # 20

-Zine-65 Zn-65 245 days y i100
Selenium-75 Se-75 120 days y 270

Technetium-99m Tc-99m - 6 hrs. y 140
''-- Iodine-125 1-125 60 days y 35 i

Iodine-131 'l-131 8 days y 360 l

Cesium-137 Cs-137 30 yrs, y 660
,
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Chapter _ i ' Fill in the Blanks
,

- 1. is the name given to disintegrations of atomic nuclei.

2. Each atom is made up of a positive surrounded by negative .

3. Protons have a charge.

- 4. Neutrons have a charge.

5. are very light.

6. An has the same number of protons but different number of neutrons in the
' nucleus.

7. The of radioisotopes cannot be changed or altered.

8. To activate materials means to make them .

9. The three products of radioactive decay are ,and .,

10. are the most penetrating decay product.

11. The ' is the time required for half the material to decay away.

12. The activity of radioactive material is measured in units of .

13. The amount of gamma rays present is measured in .

14; The amount of energy absorbed from the radiation is measured in ,
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Chapter 2 - Radiation Detectors
Survey Meters

Most survey meters use either an ion chamber or a Geiger Mueller (GM) tube to detect ionization
produced by radiation. A GM tube will detect smaller amounts of radiation than an ion chamber. Figure 4
shows a schematic circuit of a survey meter. The radiation produces ionization inside the detector tube.
Electrons liberated by the radiation are attracted to the positive center wire and positive ions move toward
the negative outer shell of the detector tube. The survey meter indicates the amount of radiation present.
A special thin " window" tube is needed to detect beta particles because the range of beta particles is so short
they can't get inside a tube with normally thick walls. The energy of beta particles from tritium is so low
they can't get into even a thin window tube. Tritium cannot be detected with a portable survey meter. There-
fore wipe tests are used to monitor for tritium (see page 32).

METER

GAMMA RAYS

++ -

+t -

I

+ _

BATTERY
_

DETECTOR
TUBE

Figure 4

Figure 5 shows a GM and ionization chamber survey meter. Before using a survey meter always A

check to make sure it's working. Test the meter by exposing it to a known source of radiation. If nothing
registers,~ have the instrument repaired and the calibration checked.

I
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Seintillators
A scintillator is a material which gives off a flash of light when struck by radiation. Solid scintil-

lators like sodium iodide crystals are used in nuclear medicine departments to determine the radiation from
the distribution of radioisotopes in patients. Liquid scintillators are used to detect beta particles and low-
energy gamma rays. Betas from the decay of tritium have such low energy they cannot penetrate the walls of
counter tubes. By mixing a tritiated solution with a scintillation liquid, we can detect the betas from tritium.'

Liquid scintillators detect all beta energies very well but don't do a good job of detectiag high energy
gamma rays.

Film Badges
X rays and beta particles can darken film just as well as visible light. This property is the basis for

the common film badge. Figure 6 shows an exploded view of a film badge holder. Several different designs
are available but they all have essentially the same components. A piece of film wrapped in paper is inserted
in the plastic holder. An open window in the plastic passes low-energy betas which could not penetrate the
plastic holder. Tritium betas are so weak they cannot even penetrate the paper wrapper of the film. Small
pieces of aluminum, copper and lead are molded in the plastic holder to act as filters. Gamma rays that get

- through the aluminum may be stopped by the copper or the lead. When the film is developed, different areas
of blackness appear under the different metals. The film badge company can analyze the darkness patterns
to determine both the type and amount of radiation which has exposed the badge. Everyone who may be
exposed to significant amounts of gamma rays or high-energy betas is issued a film badge. The film badge
records the amount of radiation that strikes it. The badge should be worn at waist or chest level to record
the dose to the whole body. If a protective apron is worn, the badge should be worn on the collar outside the
apron Persons working with only minute amounts of radioactivity, HC or tritium, need not wear a film
badge.

)12
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Chapter 2.

l. The separation of electrons from atoms is called .

2. X and gamma rays can produce .

.. 3. A . is more sensitive than an ion chamber .

4. Tritium beta particles cannot be detected with' a portable .

5, Tritium beta particles can be detected with .

6. Film badges are used to monitor the radiation' .

7. Persons working with tritium do not need to wear a .

8.' When a protection apron is worn, the film badge should be worn .
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Chapter III

Biological Effects of Radiation.
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b Chapter 3 - Biological Effects of. Radiation
Radiation effects on humans can be dividcJ into somatic and genetic effects. Some somatic effects

will sh9w up during a person's lifetime; genetic effects are passed on to future generations. The nature of
the hazards from radioisotopes depends strongly on whether the isotope is inside (internal) or outside

:(external) the body, Only gamma or high-energy beta emitters are external hazards. All radioisotopes are
hazardous when they get inside the body. Table V lists the common radioicotopes which are not a hazard as
long as they are kept outside the body. They emit low-energy beta particles which cannot penetrate the skin.

Table V

Common Low Energy Beta Em!tters Which Are Not a llazard Outside the Body

Decay Average Energy

-Isotope Symbol Half Life Product (ke V)

Tritium 11-3 12.6 yrs. # 6

Carbon-14 C-14 5700 yrs. # 50

Sulfur 35 S 35 88 days # 50:

Nickel-63 Ni-63 92 yrs. # 20

Radioisotopes can get into the body during eating, drinking, breathing or especially through the
skin. Some of the radioisotope which enters the body is excreted, but some may also be incorporated into
body tissues. If the isotope is excreted rapidly, the hazard is less than if it remains inside for a long time as
pan of the body tissue. The biological half-life measures how long it takes for half the original isotope to be
excreted from the body if tue isotope were not radioactive. Specific organs may have different biological
half lives. All the time the radioisotope is in the body it is also decaying so that even if none of the isotope is
excreted, the amount in the body is still continually decreasing. The combination of biological half life and
radioisotope half life (the physical half life) is called " effective half-life."

Table V1 gives the physical, biological and effective half lives of some of the common radioiso-
topes. The value listed as biological half-life is the whole body half-life.

The body can repair some of the damage caused by radiation. The effects of radiation may show
up as an increased incidence of cancer, leukemia and a general life shortening.

Table VI

Biological llalf-Life

Physical Biological Effective
isotope Half-52fe Days Half-bfe Days Half-bfe Days

H-3 4.5 = 101 12 12

C-14 2 = 106 10 10

Na-22 950 1I i1

P-32 14.3 257 13.5

S-35 87.I 90 44.3 |

Ca-45 164 1.64 = 104 162

Cr-51 27.8 616 26.6

Co 57 270 9.5 9.2

Rb-86 18.6 45 13.2

1 125 60 138 42

1-131 8.05 138 7.6

From: Handbook of Radioactive Nuclides
Yen Wang, M.D., D.Sc.
Chemical Rubber Company,1969
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p~ Irradiation During Pregnancy
. _

The fetus is especially sensitive to radiation during the first three months of pregnancy when most
p organ development is taking place.
! It lias been recommended that the radiation dose tc an embryo or fetus as a result of occupational

exposure of the expectant mother should not exceed 0.5 rem becauae of possible detrimental effects. Since
this 0.5 rem is lower than the dose generally permitted to adult workers, women may want to take special
actiors to avoid receiving higher exposures. (See Regulatory Guide 8.13, end of chapter.)

Genetic Effects
lonization can produce genetic effects by damaging the chromosomes in the cell nucleus. This

chromosome damage can produce mutations in subsequent generations. Most mutations are harmful.
(_ Chromosome damage is continually occurring throughot.t our hves due to background radiation and other
i mutagenic agents such as chemicals and pollutants. Background radiation is radiation which is always

present. It comes from natural radioactivity in the rocks and soil and from cosmic rays. There is even some
natural radioactivity in every living body. A chromosome mutation may have occurred many, many genera-

- tions ago or the day before conception. There is no way to know. Mutations are carried through succeeding
. generations by the genes. Radiation of persons beyond childbearing age will have no genetic effect on future
populations because they cannot pass on damaged chromosomes to their children.

Biological Hazards of Tritium Compounds
The hazard from tritium is less than from other radioisotopes because the tritium betas have such

low energy and because tritiated water is excreted from the body very quickly. Tritiated water is ab30tbed
both through the lungs and the pores of the skin with equal efficiency. It quickly (20 minutes) disperses itself
throughout the body water and is excreted with a biological half-life of about 10 days. Tritiated compounds
can readily pass through the placenta to the developing fet'us. The potential hazard to the fetus is greater
than to the mother because fetal tissue is rapidly growing and very sensitive to radiation.

Tritiated Thymidine and Other DNA Precursors
' Tritiated DNA precursors are a special case because they are used by the body for building new

cells and hence are much more hazardous. Once in the cellular structure, they are excreted very slowly, llalf
the tritiated thymidine entering the body is converted to tritiated water and excreted with a 10-day half life.
The rest is incorporated into the cellular DNA with a half-life of about 1 year. For this reason tritiated DNA
precursors are more hazardous than other tritiated compounds. All DNA precursors should be treated as
hazardous or toxic compounds. They are no hazard as long as they remain outside the body. Good house-
keeping and cleanliness are essential. NEVER MOUTil PIPETTE ANY RADIOACTIVE SOLUTION.

.

.
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Chapter 3

1. effects show up during a person's lifetime.

2. effects are passed on to future generations.

3. Tritium and carbon 14 compounds are hazardous only if they are the body.

4. Biological half life measures how long it takes for the original amount ofisotope to

be from the body.

5. Isotopes with short biological half-life are a hazard than those with long biological

half life.

6. The fetus is especially sensitive to radiation during the three months of pregnancy.

7. Women who are pregnant should not be exposed to more than mR during their

pregnancy.

8. Chromosome damage can produce harmful .

9. Tritiated DNA precursors are especially .

10. Low-energy beta emitters are a biological hazard only if they are the body.

11. are always a hazard, even outside the body.

)
i
|
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( REGULATORY GUIDE geceivgo
OFFICE OF STANDARDS DEVELOPMENT

L NOV 2 41975

| REGULATORY GUIDE 8.13 'T OF SAFETY..

INSTRUCTION CONCERNING PRENATAL RADIATION EXPOSURE

A. INTRODUCTION than an adult, particularly during the first three months'

after conception, when a woman may not be aware that
Section 19.12 of 10 CFR Part 19 states that all she is pregnant, the National Council on Radiation

> ~ individuals working in or frequenting any portion of a Protection and Measurements (NCRP) recommended in
restricted area must be instructed in the health protec, its Report No. 39 that special precautions be taken to
tion problems associated with exposure to radioactive limit exposure when an occupationally exposed woman
materials or radiation. This guide describes the instruc. could be pregnant.

1 tion that should be provided concerning biological risks
to embryos or fetuses resulting from prenatal exposure.* C. REGULATORY POSITION

Instruction to workers performed under @l9.12
B. DISCUS $10N should be given prior to assignment to work in a

restricted area, in providing instruction about health
Since the Law of Bergonic and Tribondeau was

protection problems associated with radiation exposurepublished in 1906** it has been known that the female workers and those who may supervise or work
sensitivity of cells to radiation damage is related to their with them should be given specific instruction about
reproductive activity and inversely related to' their prenatal exposure risks to the developing embryo and
degree of differentiation. It follows that children could fetus,
be expected to be more radiosensitive than adults,
fetuses more radiosensitive than children, and embryos The instruction should ensure that the employees
even more radiosensitive. understand:

1. That the NCRP has recommended that, during
This principle has long been a factor in the the entire gestation period, the maximum permissible

development of radiation exposure standards. Section dose equivalent to the fetus from occupational exposure
20.104 of 10 CFR Part 20 places different limits on of the expectant mother should not exceed 0.5 rem and
minors than on adult workers. Specifically, it limits

- anyone under the age of 18 to exposures not exceeding 2. The reasons for this recommendation,
10% of the limiss for adult workers. Ilowever, @20.104
does not relate to embryos or fetuses. The instruction should include the information

provided in the Appendix to this guide, it should be
A special situation arises when an occupationally presented to the employee, her supervisors, .md her

exposed woman is pregnant. Exposure of the abdomen co workers both orally and in written form. Each
of such a worker to penetrating radiation from either individual should be given an opportunity to ask
extemal or intemal sources would also involve exposure questions, and each individual should be asked to
of the embryo or fetus. Because a number of studies acknowledge in writing that the instruction has been
have indicated that the embryo or fetus is more sensitive received.

'This revision of the guide includes minor changes of a D. IMPLEMENTATION
clarifying nature incorporated as a result of public comments.
No substantive changes have been made.

"Comptes Rendus des Seances de l'Aafdemie des Sciences, Vol. The 9urPose of this section is to provide informa.
143, pp. 983-985,1906. tion to licensees regarding the use of this guide.

USNRC REGULATORY GUIDES Commean thewd be um to the sectoierv of the Cp= min.en. u s swee,

..g ...., ou.do e,e issued.to done.be and m..e eve.ab.e to ,fie ,ub .. m;;;,c =~~~-n~t aa e = aa ~- o="t~ end
ie,h.ds su e,t.b.e to t,ie f. C s,.ff of .m emen,mg sp.,fic pe,,s of t,ie

Commession o esquietoons to dehneate techniques used by the staff in eves" the guides are issued en the folsewing ten beoed diviseens
eleg specific peobtems se postuteted eccedents os to provide gieedence to apple
seats Aegulatory Guides see not substitutes for requieteens. and cornphence 1 Power Reactors S Products
with them ss not requered Methods enJ soluteens detterent from these set out in s Reseesch and f eet Reesters 7 fransporteteen
the guades win be acceptaboo if they prevede a basis fee the findengs requesete to 3 f uese end Meterests Foc.hties 8 Occupationet Health
the issuance or continuance of a poemet se heense by the Commisseon 4 Envivenmente# end $ sting g Antstruet Review

Commenta and suggeshons foe emeeovements m these guides are enceusaged 6 heateriais and plant Protection 10 Geneest
et oil times and guides wdl be rev* sed. as appeopesete to actemmedete com
monts and to eeflect new mformateen o, espeteence Thee guide was revised as e Copies of pubhshed guides may be obtemed by wenten request endeceteng the
result of substanteve comments veceived feem the pubhc and additeonel staff diviesent desired to the U s feucteet Regulatory Commeneo*, Weahmgton. D C

2g866. Attenteon Derectee, offese of Steitdeeds Development#eview
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L Except in those cases in which the licensee chooses : frequenting any portion of a restricted area, and those
to propose an alternative method for complying with the - who may supervise or work with'such. employees,-

:

-- portion of the Commission's regulations previously. concerning-the health protection problems associated

specified, the methods described herein should be used- with prenatal radiation exposure,

immediately to instruct female employees workingin or

.

.
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APPENDIX TO REGULATORY GUIDE 8.13

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN
WHO ARE EXPOSED TO RADIATION DURING PREGNANCY

,

I

Some recent studies have shown tnat the risk of All Nuclear Regulatory Commission licensees are
leukemia and other cancers in children increases if the now required * to inform all Individuals who work in a'

mother is exposed to a significant amount of radiation restricted area of the health protection problems asso- .

during pregnancy. According to a report by the National _ clated with radiation exposure.This instruction would in !

Academy of Sciences, the incidence of leukemia among many cases include information on the possible risks to -
children from birth to 10 years of age in the United unborn babies. The regulations also state " that
States could rise from 3.7 cases in 10,000 children to 5.6 licensees should keep radiation exposures as low as is
cases in 10,000 children if the children were exposed to reasonably achievable. According to the National ,

I rem of radiation before birth (a" rem"is a measure of Council on Radiation Protection and Measurements, |
radiation). The Academy has also estimated that an vigorous efforts should be made to keep the radiation- i

equal number of other types of cancers could result exposure of an embryo or fetus at the very lowest |
from this level of radiation. Although other scientific practicable level during the ci: tire period of pregnancy. {
studies have shown a much smaller effect from radiation, q
the Nuclear Regulatory Commission wants women em- Thus it is the responsibility of your employer to i

ployees of its licensees to be aware of any possible risk take all practicable steps to reduce your radiation
so that the women can take steps they think appropriate exposure Then it is your responsibility to decide y

to protect their offspring. whether the exposure you are receiving is sufficiently |
low to protect your unborn child. The advice of your ;

As an employee of a Nuclear Regulatory Commis- employer's health physicist or radiation protection |
sion licensee, you may be exposed to more radiation officer should be obtained to determin whether radia- !

than the general public, llowever, the Nuclear Regula. Lion levels in your working areas are high enough that a
tory Commission has established a basic exposure limit baby could receive 0.5 rem or more before birth, if so,
for all occupationally exposed adults of 1.25 rems per the alternatives that you might want to consider are: i

calendar quarter- or 5 rems per year. No clinical evidence
of harm would be expected in an adult working within (a) If you are now pregnant or expect to be soon,
these levels for a lifetime. Because the risks of undesir. you could decide not to accept or continue assignments !
able effects may be greater for young people, individuals in these areas.

,

under 18 years of age are permitted to be exposed to i

only 10 percent of the adult occupationallimits. (This (b) You could reduce your exposure, where possi-
lower limit is also applied to members of the general ble, by decreasing the amount of time you spend in the ;,

public.) radiation area, increasing your distance from the radia- '

'

tion source, and using shielding.
The scientific organization called the National

Council on Radiation Protection and Menurements has (c) If you do become pregnant, you could ask your
,

recommended that because unborn babies may be more employer to reassign you to areas involving less exposure
sensitive to radiation than adults, their radistion dose as to radiation. If this is not possible, you might consider

-i

i
'

a result of occupational exposure of the mother should
not exceed 0.5 rem. Other scientific groups, ircluding i

the International Commission on Radiation Protection. , giy rio, io, p.,i g 9 of the Code of I'ederal Regulations,
have also stressed the need to keep radiation doses to !

unborn children as low as is reasonably achievable. "In Tiue 10. Part 20

!
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macussion of Rahn,

~ leaving your job. If you decide to take such steps, do so
without delay, The unborn child is most sensitive to .g gj g gg

. radiation during the first three months of your preg. W h '%'' W h msd M **m*' W
"*M ' average individual in the United States accumulates a

d se of ne rem fr m natural sources every 12 years.
(d) You could delay having chudren untU you are The do e from natural radiation is higher in some states,

no longer working in an area where the radiation dose to such as Colorado, Wyoming, and South Dakota, pri.
your unborn baby could exceed 0.5 rem. marily because of cosmic radiation. There the average

individual gets one tem every 8 years.
You may also, of course, choose to:

Natural background radiation levels are also much
(c) Continue working in the higher radiation areas, higher in certain local areas. A dose of one tem may be '

bat with full awareness that you are doing so at some received in some areas on the beach at Guarapart, Brazil,
"

smallincreased risk for your unborn child. In only about 9 days, and some peoph in Kerala, india,
get a dose of one tem every 5 months. ,

The following facts should be noted to help you make a Many people receive additional radiation for medi.
deelslan: cal reasons. In 1970, an estimated 212 million X. ray

examintitions were performed in the United States. The
estimated average surface skin dose from one radio-

1, The first three months of pregnancy are the graphic chest X. ray is 0.027 rem. The estimated average
most important, so you should make your decision surface skin dme per abdominal X. ray is 0.62 tem.
quickly,

Radiation can also be received from naturalsources
2. In most cases of occupational exposure, the such as rock or brick structures, from consumer prod.

actual dose received by the unborn baby is less than the ucts such as television and glow.in.the. dark watches,
dose recched by the mother because some of the dose is and from air travel. The possible annual dose from
absorbed by the mother's body, working 8 hours a day near a granite wall at the P,edcap

Stand in Grand Central Station, New York City, is 0.2
3. At the present occupationalexposure limit, the rem, and the average annual dose in the United States

actual risk to the unborn baby is small, but experts Imm T% consumer products, and air travel is 0.0026
disagree on thc- exact amount of risk. rem.

4. There is no need to be concerned about sterility Radiation,like many things, can be harmful. A large
or loss of your ability to bear children. The radiation dose to the whole body (such as 600 rems in one day)
dose required to produce such effects is more than 100 w uld probably cause death in about 30 days, but such
times larger than the Nuclear Regulatory Commission's large doses result only from rare accidents. Control of
dose limits for adults, exposure to radiation is based on the assumption that

any exposure, no matter how small, involves some risk.
5. Even if you work in an area where you receive The occupational exposure limits are set so low, how.

only 0.5 tem per three month period, in nine months ever, that medical evidence gathered over the past 50
you could receive 1.5 rems, and the unborn baby could years indicates no clinically observable injuries to indi. .

receive more than 0.5 rem, the full term limit suggested viduals due to radiation exposures when the established ;

by the NCRP.Therefore,if you decide to restrict your radiation limits are not exceeded.This was true even for ,

unborn baby's exposure as recommended by the NCRP, exp sures received under the early occupational ex-
be aware that the 0.5 rem limit to the unborn baby p sure limits, which were many times higher than the
applies to the full nine. month pregnancy, present limits. Thus the risk to individuals at the

occupational exposure levels is considered to be very ,

* * *"# '' h mPmM to say eat ee M is zem.
The remainder of this document contains a brief To decrease the risk still further, licensees are expected

explanation of radiation and its effects on humans. As to keep actual exposures as far below the limits as is
you will see, some radiation is present everywhere and reas nably achievable.
the levels of radiation most employees of Nuclear
Regulatory Commission licensees receive are not much
larger than these natural levels. Because the radiation *" Pre Release Report: X Ray Exposure Study (XES) Revised
levels in the facility where you will be working are Estimates of 1964 and 1970 Genetigt.y Significant Dose,
required by law to be kept quite low, there is not 1:ebruary 4,1975, U.S. Departrnent or llealth. Education,
considered to be a significant health risk to individual and welfare. Public Health Service, l'ederal Drug Administra-

adult employees. tion, Bureau of Radiologicalllealth.

8.13 4
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The current exposure limits for people working with Summary
radiation have been developed and carefully reviewed by
nationally and internationally recognized groups of ' Occupational exposures to radiation are being kept -
scientists, it must be remembered, however, that these low. However, qualified scientists have recommended '
limits are for adults.Specialconsideration is appropriate. that the radiation dose to an embryo or fetus as a result
when the individual being exposed isc or may be, an of occupational exposure of the expectant mother

. expectant mother, because the exposure of an unborn should not exceed 0.5 rem becaure of possible increased .j
child may also be involved. risk of childhood leukemia and cancer. Since this 0.5

-

rem is lower than the dose generally permitted to adult
w rkers, women may want to take special actions to

- Prenatalltradiation avoid receiving higher exposures, just as they might stop
sm king during pregnancy or might climb stairs more

The prediction that an unbom child would be more carMy to rehce possh rMs to ech unbom
nnsitive to radiation than an adult is supported by ichildren,
observations for iciatively large - doses. Large doses
delivered before birth alter both physical development .-

and behavior in experimentally exposed animals. A Bibliography
report of the National Academy of Sciences states that
short. term doses in the range of 10 to 20 rems cause. 1. Donald G. Pizzarello and Richard L. Witcofski, ;

subtle changes in the nerve cells of unborn and infant . Basic Radiation Biology, Philadelphia:' Lea and |

rats. The report also states, however, that no radiation Febizer,1967.
Induced changes in development have been demon-
strated to result in experimental animals from doses up 2. National Academy of Sciences - National Research ,

to about I rem per day extended over a large part of the Council, The Effects on Populations of Exposure to - !
period before birth. Low Levels of lonising Radiation, Washington, |

D.C., November 1972. ;
i

.
The National Academy of Sciences also noted that

doses of 25 to 50 rems to a pregnant human may cause 3. National Council on Radiation Protection and Mea- )
growth disturbances in her offspring. Such doses sub. surements, Basic Radiation Protection CYiteria, ;

'

stantially exceed, of course, the maximum permissible NRCP Report No. 39, Washington, D.C., January
occupational exposure limits. 15,1971. ,

Concern about prenatal exposure (i.e., exposure of a 4. United Nations, lonizing Radiation: Levels and
child while in its mother's uterus) at the permissible Effects, 2 vol., Reports of the United Nations
occupational itvels is primarily based on the possibility Scientific Committee on the . Effects of' Atomic

- that cancer (especially leukemia) may develop duririg the Radiation, Report No. A/8725, United Nations,
first 10 years of the child's life. Several studies have been New York,1972,
performed to evaluate this risk. One study involved the .

.

followup of 77,000 children exposed to radiation before 5. US. Atomic Energy Commission, Division of Tech-
birth (because of diagnostic abdominal X rays made for nlcal Information, Understanding the Atom Series: j

medical purposes during their mother's pregnancy).
Another study involved the followup of 20,000 such Atoms, Nature and Man ;l

.
children. In addition, 1292 children who received !

p.inatal exposure during the bombing of Hiroshima and The Genetic Effects ofRadiation
Nagasaki were studied. Although ' contradictory results
have been obtained, most of the evidence suggests a The NaturalRadiation Environment
relationship between prenatal exposure and an increased '

tisk of childhood cancer. Your Body and Radiation

8.13 5
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Chapter IV

Steps to Reduce Radiation Exposure
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Chapter 4 - Reduction of Dose
Do6e From Eueenal Sources

Table Vil gives the dose rate at a distance 30 centimeters from a 10 mci source of some of the
commonly used radioisotopes. Three factors which influence the dose received from external radioisotopes
are:

1. Shielding
2. Distance
3. Time

Table VII

Shielding Facts

Unshielded Dose Rate 30 cm Thidness of trad to
Away From 10 mCs Source Reduce Dose by 10

Isotope mRlhr (mm)

Na 22 133 34

Na-24 200 48

P-32 70 lead not
(Bremstrahlung) recommended
Cr-51 2 5

Co 57 10 0$
Co-(4 150 34

Zn-65 30 30

Se 75 22 3.5

Tc-99tn 8 1.0

125 8 0.I
131 25 7

Cs-137 37 18

Shiciding - Beta rays. Shielding of beta rays is usually accomplished by using aluminum, plastic or
lead. A few millimeters of aluminum or plastic are effective as the range of even high-energy beta particles
is short.

Shielding - Gamma rays. The shielding of gamma ray sources is accomplished by lead, steel,
concrete or water. Lead is a good shielding material because it is dense and heavy. Table Vil also gives the
shiciding thicknesses required to reduce the dose iate from some elected gamma emitters by a factor of 10.

Distance - A second method of reducing the dose rate is to get far away from the source so that
fewet gamma rays will hit you. Just as a light is bright when you are up close, but gets dim as you mme
away, so the dose rate from a radioactive source decreases as you move away from it. Figure 7 shows how
the dose rate decreases as the distance from the source increases. Moving twice as far away from a source
reduces the dose rate by a factor of 4.

Time - Reducing the time spent near a radioisotope will reduce the total dose delivered to your
body. Do not stand or sit next to unshielded sources except when actually working with them

Unsealed Sources
Most laboratory procedures involve the use of unsealed sources When working with unsealed

sources we combine the techniques of shielding and distance with good housekeeping and extreme cleanh-
ness. The aim of these efforts is to keep everything outside the body The housekeeping steps which are
recomme'ded are:

26
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EFFECT OF DISTANCE
ON DOSE RATE

DISTANCE FROM
$OURCE ---) 50cm 100 cm 200 r.m

10 mci
Zn-65

n

\

,

DOSE RATE 50m R /HR E8 mR/HR 0.7 mR/HR

l'igure 7

1. Always use an absorbent paper en a tray when working with radioactive liquids. The tray should be
capable of containing the entire volume of liquid in case of a spill.

2. All operations should be performed in a fume hood if gas, vapor, dust or aerosols can be formed during
the procedure.

3. Always wear plastic or rubber gloves and lab coats or aprons to prevent contamination of your hands
and clothing when working with radioisotopes.

4. No mouth operations. Specifically this meang no pipetting by mouth, no licking of labels, no eating,
drinking or smoking in the laboratory.

5. Food or drink containers should not be stored in the same location as radioactive materials. This spe-
cifically means that refrigerators containing radioactive material are off limits for lunch sacks, milk
cartons and other food or drink containers.

It is important to dispose of radioactive wastes properly to protect ourselves, our neighbors, and
our environment. The four methods for getting rid of radioactive waste are:

1. Natural decay
2. Collection by the Health Physics staff
3. Disposal into the atmosphere
4.- Disposal through the sanitary sewer

Natural Deca)
For isotopes with short half-lives it is convenient to wait until their natural decay removes most of

the radioactivity. After seven half-lives there will be less than i percent of the original activity remaining.
This may be low enough so that there is essentially no activity left. When there is no detectable radiation,it
can be disposed of as normal trash. No detectable activity means less than 0.05 millitoentgen per hour, or
less than 100 epm when monitored with a thin window GM tube in contact with the trash. For tritium
wastes, no detectable activity means less than 0.005 microcurie in any one trash container.

27
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Collection by Health Phpics Staff
Radioactive waste given to the University llealth Physicist for disposal by decay, incineration, or a

disposal service are required to be in conformance with the following outline:

1. No animals or animal waste will be accepted by the Health Physicist unless you have made arrange-
ments with him prior to the time of disposal. The persons collecting the radioactive waste have been
instructed by the Health Physicist not to take any animals or animal waste under any circumstance.

2. Label all waste with the isotope present, the maximum amount, and the chemical form.
3. If you have harardous chemical compounds with a radioactive label, indicate the chemical and its

concentntion in addition to the radionuclide.
4. Separate long and short half life materials. Package all radionuclides separately.
5. Do not mix liquid waste with solid dry waste.
6. Put combustible and noncombustible waste in separate containers.
7. All liquids for the commercial disposal service must be neutral and nonreactive solutions.
8. Liquid waste volume is restricted to a maximum of five gallons per container, and a minimum of one

gallon per container.
9. All one-pallon containers, glass or plastic, must be packed in boxes so bottles will not touch and break

in transport on campus.
10. All chemicals or compounds, radioactive or nonradioactive, must be explicitly identified on each con-

tainer and on the waste disposal form.
11. Disposal of liquid scintillation vials: A Health Physics memo discusses this in detail. Vials are taken

either intact and full or empty with the liquid scintillation cocktail going to a waste solvent container.

Any variance from the above must be obtained from the Health Physicist on an individual basis.
Only those packages in conformance with the above will be accepted by the Health Physicist; you will be
requested to pick up your packages,left on the dock, that are not accepted.

Should any questions or problems arise because of the above procedures, please call the Health
Physicist at 2 8769 or 2-4323.

Disposal into the Atmosphere
1. Pursuant to Section 20.106(b) and 20.302 of Title 10, Code of Federal Regulations, Part 20, the Univer-

sity of Wisconsin-Madison may dispose of, by incineration, (1) carbon 14 and hydrogen 3 in any
combustible form and (2) by product material, exclusive of carbon-14 and hydrogen 3, contained in
animal carcasses and animal wastes provided:
a. De total carbon 14 and hydrogen 3 activity incinerated per day does not exceed 50 millieuries;
b. The total activity, exclusive of carbon 14 and hydrogen-3, per incineration of animal carcasses and

animal wastes does not exceed I millicurie; and
c. He concentration of released radioactive material does not exceed the limits specified in Section

20.106(b) of 10 CFR 20.
2. Other means of disposal into the atmosphere are any of the methods by which particulate or gaseous

products are formed into a room or hood, if you know the quantity of a radionuclide and the volume of
air in which it is diluted you can calculate the concentration of the radionuclide. The maximum concen-
trations which you can release are given in 10 CFR 20, Appendix B. Table 11. The Regulations also
require a record to be kept which shows the concentration of radionuclides released in effluents.

Disposal Through the Sanitary Seur
Only very small amounts of radioactivity may be disposed of through the sewer (<2 mci /ap-

proved faculty user /yr). Records of the date, type and amount of isotope disposed of via the sewer must be
recorded. The approved procedure when cleaning containers of radioactive liquids is to empty liquid into a
storage container, followed with one rinse into the storage container. One should prewash glassware before
sending to a central cleaning facility as one would " normal dirty." Subsequent rinses can be discharged to
the sewage system. When a storage container is fullit can be disposed of through the Health Physics staff.

One exception to this cleaning procedure is the cleaning of scintillation vials. The amount of
radioactivity contained in each vial is so small that the hazard is from the organic solvent rather than from
the radioactivity. After emptying the scintillation vial into a storage container it can be washed directly as a
nonradioactive vial. No rinses are necessary.

Under no circumstances are combustible solvents to be discharged into the sewage system. They
are a serious fire hazard and a violation of most municipal and state codes.

28
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Human Bod 3 Wastes
iluman body wastes are specifically exempt from regulations on waste disposal. Radioactive

human body wastes may be disposed of through the normal sanitary sewage system.

Normal Trash
j lt is extremely important that empty containers have all their radioactive tags and labels removed

or defaced. There have been several false alarms caused by empty boxes which still had radiation labels
attached. A can of black spray paint provides a quick and convenient way of covering over labels and tags.
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Chapter 4

1. Three factors which influence the radiation exposure are: and,

.

2. can be shielded by aluminum, plastic or lead.

3. can be shielded by lead, steel or concrete.

4. Moving twice as far away reduces the dose by a factor of .

$. Mouth pi;>etting of radioactive liquids is always .

6. Eating in a radioactive laboratory is .

7 Protective gloves should be worn when working with -.

8. Reactions which may produce vapors, dust or aerosols should be limited to a .

9. wastes are exempt from the restrictions on radioactive waste disposal.

10. The four ways to dispose to radioactive wastes are:

!
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Chapter V

Radiation Safety Procedures
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| Chapter 5 - Radiation Safety Procedures
Radiation Safety Sune36i

Radiation surveys can detect areas of contamination, pinpoint areas that need improved labora-
tory procedures and locate areas that need additional shiciding. Radiation safety surveys can be conducted
with portable area survey meters and by wipe testing selected surfaces.

Suncy Techniques
Arces suspected of contamination with samma or high-energy beta emitters can be easily surveyed

using a portable instrument. The meter is moved slowly around the area of interest and the meter readings
at selected locations are recorded on a diagram of the room.

Wipe Tests
Wipe tests are the most effective way of routine monitoring for low-energy beta emitters such as

tritium or carbon-14. The procedure used is to wipe an area about four inches square (100 cm2) with a small
piece of tissue. The tissue should be moistened with water or alcohol. Areas chosen to be wiped should be
lab tables, hoods and other areas of possible contamination. The tissue is dropped into the scintillation vial
and the proper amount of counting " cocktail" is added. The vial is then counted as a normal scintillation
sample. Any sample over about two to three times normal background counting rute indicates an area of
local contamination,

incoming Package inspection
The following is required for incoming packages and is quoted from 10 CFR 20.205:

20.205 Procedures for picking up, receiving, and opening packages.
(a) (1) Each licensee who expects to rec ve a package containing quantities of radioactive material ine

excess of the Type A quantities specified in paragraph (b) of this section shall:
(i) If the package is to be delivered to the licensee's facility by the carrier, make arrangements to receive

the package when it is offered for delivery by the carrict; or
(ii) If the package is to be picked up by the licensee at the carrier's terminal, make arrangements to

receive notification from the carrier of the arrival of the package, at the time of arrival.
I

(2) Each licensee who picks up a package of radioactive material from a carrier's terminalshall pick up
the package expeditiously upon receipt of notification from the carrier of its arrival.

(b) (1) Each licensee, upon receipt of a package of radioactive material,shall monitor the external surfaces
of the package for radioactivity contamination caused by leakage of the radioactive contents,
except:

(i) Packages containing no more than the exempt quantity specified in the table in this paragraph;
(ii) Packages containing no more than 10 millicuries of radioactive material consisting solely of tritium,

carbon-14, sulfur 35, or iodine 125;
(iii) Packages containing only radioactive material as gases or in special form; l

(iv) Packages containing only radioactive materialin other than liquid form (including Mo-99/Tc-99m
generators) and not exceeding the Type A quantity limit specified in the table in this paragraph;and

(v) Packages containing only radionuclides with half lives of less than 30 days and a total quantity of
no more than 100 millicuries.

The monitoring shall be performed as soon as practicable after receipt, but no later than three
hours after the package is received at the licensee's facility if received during the licensee's normal
working hours, or eighteen hours if received after normal working hours.

(2) If removable radioactive contamination in excess of 0.01 microcurie (22,000 disintegrations per
minute) per 100 square centimeters of package surface is found on the external surfaces of the
package, the licensee shall immediately notify the final delivering carrier and, by telephone and
telegraph, the appropriate Nuclear Regulatory Commission Inspection and Enforcement Regional
Office shown in Appendix D.

(c) (1) Each licensee, upon receipt of a package containing quantities of radioactive materialin excess of
the Type A quantities specified in paragraph (b) of this section,other than those transported by ex-
clusive use vehicle, shall monitor the radiation levels external to the package. The package shall be
monitored as soon as practicable after receipt, but no later than three hours after the package is
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| received at the licensec's facility if received during the licensee's normal working hours, or 18 hours

| -if reaised after normal working hours.
! (2) If radiation levels are found on the external surface of the package in excess of 200 millirem per

hour, or at three feet from the external surface of the packaFe in excess of 10 millirem per hour the
licensee shall immediately notify, by telephone and telegraph, the final delivering carrier and the
appropriate Nuclear Regulatory Commission Inspection and Enforcement Regional Office shown
in Appendix D.

(d) Each licensee shall establish and maintain procedures for safely opening packages in which licensed
material is received, and shall assure that such procedures are followed and that due consideration
is given to special instructions for the type of package being opened.

Always open and inspect packages immediately upon receipt. Radioactive solutions inadvertently
stored upside down may gradually leak and cause contamination problems. Furthermore, sendors of ten will
not accept claims for shipments not inspected within 15 days after delivery.

TAllLE OF EXEMPT AND TYPE A QUANTITIES

Exempt Type A
Transport group' quantity limit quantity limit

(in millicuries) (in curies)

I............................ .01 0.001

11........................... 0.1 0.000
lli.......................... I 3

IV .......................... I 20

V ........................... I 20

VI .......................... I 1000

Vil ......................... 25.000 1000

Special Form . . . . . . . . . . . . . . . . . I 20

Procedures Recommended for llandling Radionuclide Shipments
1. Monitor package for radiation field. (Plastic gloves should be worn while processing the received

package.)
2. Wipe test package for removable contamination.
3. Note radiation units stated on package, verify and record in receipt log (ll ARD DETA AND G AM M A

ON LY). t

4. Place package in vented hood.
5. Open outer package and remove packing slip. Open aner package and serify that the contents agree in

name and quantity with the packing slip.
6. Measure radiation field of unshicided container. If necessary, place container behind shielding to reduce ,

field to allowable limits and proceed with remote handling devices (llARD DETA AND GAMMA
ONLY).

7. Check for possible breakage of seals or containers, loss of liquid, or change in color of absorbing
material. ;

8. Wipe test inner contents and document any pertinent findings on packing slip. Note: The liner. shield j
and isotope container may have surface contamination. They should be discarded in hot waste disposal i

containers if contamination is found.
9. Record type of activity, quantity present and location of delivery in receiving log.

10. Deliver processed package to proper laboratory. If delivery is delayed, notify recipient of its arrival and
clearance.

11. I' material has been packaged in dry ice, refrigerate or deliver immediately to ultimate user.
12. If contamination, leakage or shortages are observed, notify the vendor's Customer Service Department

immediately by collect telephone call Request instructions.
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Dnergency Actions
in the event of a spill or leakage of small or moderate amounts of radioactive material Oess than

,

[ t mci) the steps to follow are:

1. Stop the spread of the radioactive material and limit the area of contamination.
2. Notify other people in the room or in the area that you have a problem.
3. Monitor personnel in the room to make sure that they are not contaminated and do not spread con-

tamination around. If their clothes or bodies are contaminated, proceed with decontamination as soon
as possible. A gentle washing with a mild soap is most effective when radioactive material has been
spilled on the skin. Do not scrub or abrade the skin. Special care should be taken to remove all radio-
active material from open cuts or wounds and to make sure they are washed thoroughly with clean water.

Cleanup Procedures
You should wear gloves and an apron or lab coat when you confine and pick up a spill. Paper

towels or rags or tissues should be used to absorb a liquid. )
When decontaminating an area it is important to have a separate container such as a plastic

garbage bag available for holding all the contaminated gloves, tissues and rags which will be used during the ,

decontamination. In most cases a careful cleaning of the surface followed by a second rinse either with j
plain water or with a mild soap or detergent is sufficient to provide adequate decontamination. Check with a
survey meter or perform a wipe test to see that the radiation levels are less than three times the background
level.

Fires
Fires are especially hazardous when associated with radioactive materials because the smoke and

hot air currents can rapidly spread contamination throughout a wide area. In the event of fire:

1. Notify all persons in the room.
2. Call the fire department and the llealth Physicist. He sure to tell them that a potential radiation hazard

exists.
3. Attempt to put out the fire only if you can do this with no risk to yourself.
4. Station a person near the entrance of the building to meet and direct the fire department to the fire and

inform them of the possible hazard, j

After the fire has been extinguished survey the whole area.

\

(
!
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1. To test survey a room for possible contamination by gamma emitters, a
is moved slowly near areas of possible .

2. which are counted in a liquid Scintillation counter are
the most effective method of testing for tritium contamination.

3. A damaged shipping container should always be checked for

4. In the event of a spill of less than I millicurie of radioisotope the first thing to do is to
the spread of radioactive material.

5. Persons working nearby should be of a radioactive spill.

6. with a mild soap is the most effective way or removing

radioisotope from the skin.

7. Cleanup of a spillis complete when the survey meter or wipe test shows that radiation levels are less than
times the background level.

!

|

I
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Chapter VI

Current Regulatians
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Chapter 6 - Current Regulations
,

A summary of current regulations regarding the Maximum Permissible Dose (MPD) for radiation
workers is presented in Table Vllt. Rese limits are set by state and federal agencies. Anyone who wears aI

film badge, works with radioisotopes or sources of ionizing radiation is classified as a radiation worker.
There is a separately stated limit for skin because beta particles can irradiate the skin to a high dose but
deliver only a small dose to the tissue below the skin. The dose permitted to the hands and feet is larger be-
cause they contain no vital organs. Rese limits are set on the basis of experience and biological experi-
ments. Persons exposed each year to the maximum permissible dose will not demonstrate any somatic
effects during their lifetime.

The limits can be compared with natural background radiation levels. Background radiation
comes from cosmic rays and radioactivity in the rocks and soil. Background levels vary from about 50 mR
per year at sea level to about 150 mR at higher altitudes. In the Midwest the dose rate is approximately 125
mR per year. Table IX lists the maximum permissible continuous concentrations of some radioisotopes in
the body. This value is called the Maximum Permissible Body Burden (MPBB). It is set so that a person
with this concentration continuously in his body would not receive more than the maximum permissible
dose.

Acceptable Risk
The goal of protection regulation is to reduce the risk to the radiation worker to a reasonable

level. This means that no somatic effects from radiation will be expected during a radiation worker's life-
time, even if the worker receives the maximum permissible dose every year. Every individual must make his
own decision as to what level of risk is acceptable. The hazards and effects of radiation have been extensive-
ly studied for over eighty years and are well understood when compared with other hazards such as air pol-
lutants, etc.

Table VIII

Maximum Permissible Dose Limits

Dose in mrem
Monthly )*early

Radiation Workers
Whole Body 400 5000

Skin 2500 30,000

llands 6000 75,000

General Population
Whole Body 500
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Table IX

Maximum Permissible Body Burdens (MPBB) for Selected Radioisotopes

MPBB
hotope (microcuries)

Tritium 1000

Carbon-14 400

Sodium 22 10

Sodium-24 7

Phosphorus 32 6

Sulphur 35 400

Calcium-45 .30
Chromium 51 800

Cobalt 57 200

Cobalt 60 10

Nickel-63 200

Zinc-6$ 60

Scienium 75 100

Technicium 99m 200

lodine 125 1.0

lodine 131 0.7

Cesium 137 30

lt is wise to be aware of the hazards of radiation but you shouldn't be afraid of radiation. If you>

have further questions don't hesitate to ask your supervisor or the Health Physics staff.

1

i

i
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Chapter 6
>

1. Natural background radiation levels are about mR per year.

2. The maximum permissible dose for a radiation worker is tem per year.

3. The maximum permissible dose to the general population is mrem per year.

is the maximum continu-4. The
ous concentration permitted in the body.

!

1
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GLOSSARYL

I*

Activation The process of making something radioactive.

Activity A measure of the number of decays per second. Activity is measured in
curies.

Alpha Particle A helium nucleus having a mass of 4 and a charge of 2, i.e., two protons
and two neutrons.

Alpha Emitter A radioisotope which emits alpha particles.

Atom The smallest part of an element. Made up of a nucleus surrounded by an
electron cloud. ,

Background Radiation Radiation from cosmic rays and natural radioisotopes in the earth.

Beta Particle Fast moving electron emitted during radioactive decay.

Beta Emitter A radioisotope which emits beta particles.

Biological Half Time ne half time for climination from the body of a substance in the nonradio-
active form.

Cancer An uncontrolled growth or tumor.

Cell De basic building block of biology Made up of a nucleus inside
cytoplasm.

Chromosomes Small structures in the cell nucleus w hich carry the genes and are important
in passing on genetic information.

Contamination Radioisotope in the wrong location. A radioisotope where it doesn't
belong.

Curie One curie corresponds to 3.7 = 10$ disintegrations per second.

Decay ne internal rearrangement of neutrons and protons within an atomic
nucleus resulting in the emission of decay products.

Decay Products Alpha particle, beta particle, or gamma ray emitted from a nucleus.

DNA Abbreviation for deoxyribonucleic acid. A fundamental constituent of
chromosomes. De DN A molecule is the carrier of the genetic information.

DNA Precursor One of the biological building blocks uhich the cell uses to construct DNA.

Dose The amount of energy deposited in a unit mass of the body. Dose is
measured in rad (radiation absorbed dose).

Electron Small atomic particle which usually carries negative charge. Weighs 2,000
times less than a proton.

Exposure A measure of the ionization produced by X or gamma radiation. The unit
of exposure is the roentgen.

External Radiation Any radiation that comes from sources outside the body.

Film Badge Small film packet used to measure radiation exposure to the body,
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Gamma Ray Electromagnetic radiation basically similar to light but invisible, and
I having higher energy and greater penetration.

Gamma Emitter A radioisotope that emits gamma rays.

Geiger Mueller Counter Gas-filled radiation detector tube operated at maximum sensitivity. So
sensitive it can detect a single gamma ray,

Gene That part of the chromosome which carries genetic information.

Genetics llaving to do with offspring or succeeding generations.

Genetic Effect An effect on succeeding generations, chiefly mutations.

Half life The time required to reduce the original amount of radioactivity to halfits
original value.

lon A particle with either positive or negative electrical charge,

lonization Removal of an electron from an atom to produce an ion.

lonization Chamber A radiation detector which co!!ects all ions produced in a gas chamber.

Internal Radiation Radiation coming from sources within the body.

Isotope Atoms having the same number of protons but different number of ;

neutrons. Isotopes have the same chemical properties.

Labelled Compound A chemical compound containing one or more radioactive atoms,

leukemia A malignant disease of the blood characterited by an excess number of
white cells.

Maximum Permissible Dose Limits set on the dose to the body.

(MPD)

Microcurie (pCi) 3.7 = 104 disintegrations per second.

Millicurie (mci) 3.7 = 10' disintegrations per second.

Milliroentgen (mR) Unit of gamma ray exposure-10-3 roentgen.

Monitoring The process of measuring and recording the amounts of radiation or radio-
active contamination present in a specific location.

Mutation A change in the genetic information carried by the genes.

Neutron One of the building blocks of the atomic nucleus Has zero charge.

Nucleus-Atomic Dense central core of an atom.

Nucleus-Biological Central part of a cell containing the chromosomes.

Photon Electromagnetic radiation similar to light.

Proton Positively charged particle inside the atomic nucleus Has single positive
charge.

Rad Unit of absorbed dose-100 ergs / gram.

42
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( Rem A unit of radiation dose obtained by multiplying the rad by a quality
factor.

Radioactivity Spontaneous disintegration of atomic nuclei resulting in emission of decay
products.

Radioisotope isotope whose nucleus is unstable and undergoes radioactive decay.

Roentgen Unit of X. and gamma ray exposure.

Scintillation Light emitted after radiation absorption.

Scintillation Camera Device containing a scintillation crysial used in nuclear medicine to locate
radioisotopes inside the body.

Survey To locate concentrations of radioactivity in a room or area.

Survey Meter Portable radiation detector used to determine the amount and location of
radioisotopes in an area.

Tracer Compound containing a radioisotope used in chemical or biological
experiments.

Tritium Radioactive isotope of hydrogen containing I proton and 2 neutrons in the
nucleus.

X ray Electromagnetic radiation similar to light but having higher energy and
greater penetration.

43
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Answers to Questions

Chapter i Chapter li'

l. Radioactivity 1. Shielding, distance, time
2. Nucleus, electrons 2. Beta particles
3. Positive 3. Gamma rays
4. Zero or neutral 4. Four
5. Electrons 5. Forbidden, prohibited
6. Isotope 6. Forbidden, prohibited
7. Decay 7. Unsealed sources

8. Radioactive 8. Hood
9. Alpha part cles; beta particles; gamma rays 9. Human bodyi

10. Gamma rays 10. Decay

11. Half life Sewer

12. Curies Atmosphere
13. Roentgens Collection by Health Physics
14. Rads

Chapter l'
Chapter 11 1. Survey meter, contammation
I. lonization 2. Wipe tests
2. lonization 3. Breakage or contamination
3. GM tube 4. Stop
4. Survey meter 5. Told or notified
5. Liquid scintillator 6 Gentle washing
6. Exposure 7. Three
7. Film badge
8. On the collar Chapter I'l

1. 125
Chapter ill 2. 5000 mrad

I. Somatic 3. 500 mrad
2. Genetic 4. Maximum Permissible Body Burden
3. Inside
4. %, excreted
5. Smaller
6. First
7. 500 mR
8. Mutations
9. Harardous

10. Inside
11. Gamma emitters
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SAFETY DEPARTMENT
317 N. Randall Avenue

i SAFETY IS OUR CONCERN... D 5C S b3I'0
, ,

18 June 1984

To: Authorised Users

Sue Engelhardt M k W e st.tFrom:
Health Physics Supervisor

Subject: Radiation Safety Regulations

Enclosed are the revised University Radiation Safety
Regulations. Please t'emove everything from your
yellow, three-ringed binde~r'and insert this entire
packet.

The regulations have not ch'anged in content at this
time. In the event'of changes in the future, we will
send them to you.... Note that there is a page following

L - the table of contents'.so that you can mark the date and
s

- the changes as they occur.

Althoughthere'gulatidnahNyk.notchangedincontent,
we have changed; the' format; we have tried to shorten
and clarify them. We hope that you find them easier to
use!

Thank you.

!

!
t
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4 Urdversityof Wisconsin >Medison iz
>' SAFETY DEPARTMENT .

317 N. Randall Avenue |
SAFE 7 Y IS OUR CONCERN. . . MADISON, WISCONSIN 53715 !

n 608 262 8769 262 0667
7N]

TO: Authorized Users of Radioactive Materials |

PROM: Sue Engelhardt Ju2 6 9 Aa d i

Radiation Safety Officer ;

-

RE: RADIOACTIVE WASTE DISPOSAL CHANGES |
.

Enclosed you will find Revision 2 to the University *

Radiation Safety Regulations. The changes are primarily for |

Section XIX, Disposal of Radioactive Material, but also
include Table of Contents and Appendicies updates. Please
read and insert thest pages in your regulation binder and
discard the old pages (call the Safety Department if you ,

need additional copies). Remember to record the insertion '

of Revision 2 on the UPDATE RECEIVING RECORD located behind s
'

the Table of Contents.
,

The revised waste disposal regulations will be effective
January 1, 1987, but a two month phase-in period will be in ,

effect. Some additional information about the waste
disposal changes follows. Please inform your lab personnel ;

of the changes. If you have any other questions please call ;e

(_)/ me or another health physicist.
'

WASTE IDENTIFICATION AND PACKAGING
We will provide, on a trial basis, boxes and plastic bags in

-

>

|

three sizes for all radioactive solid wastes. Use the small >

box for your " hot" solids and liquids < 50 ml (e.g. stocks,
concentrated products or wastes, etc.). The boxes are r

imprinted for waste identification. Complete the label on
'

,

each waste box.
L W H (ft3) USE !

S- 6" X 6" X 4" 9.1 Concentrated solids
and liquids <50 ml

M - 12" X 15"'X 15" 1.5 Contaminated solids
L - 24" X 15" X 15" 3.0 Contaminated solids *

Waste identification tags will also be provided for liquid
wastes. Collect large volumes of liquid wastes in carboys
or other nonbreakable containers, 500 ml - 4 liters. Waste
identification tags must be completed and attached to all of
these liquid waste containers (except for concentrated ,

stocks < 50 m2. put in the small waste box, just complete the .

box label). Two mci or less of S-35 is now permitted in i
'carboys, but keep S-35 seperate from H-3 and C-14.

Samples of the waste tags and new disposal forms are also
enclosed. Request additional supplies from the Safety Dept.[])

,

secretaries as needed. Please discard all your old, unused'

waste pickup forms.

- - - . _ _ _

j
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DECAY ;

When significant,-remember to correct your waste estimatese

/ for decay, or to report the date for your activity estimate
s/ on your_ disposal form - we will account for the decay on our

end. Graphs are available to assist with P-32, S-35, Cr-51
and I-125 decay estimates (see Appendix I) .

LIOUID SCINTILLATION COCKTAILS-
Disposal procedures and costs for LSC wastcs will depend on

"

!- the type of product you use. Stores will stock 3 Drands of
|sewer disposable liquid scintillation cocktails. The

[ disposal charge for these cocktails will be S6/ case as
before. Alternatively, you may pour sewer disposable"

cocktails into aqueous waste containers or directly to the
sewer (if within limits) at no charge.

Organic solvent cocktails (e.g. toluene)-must be packeged in
their original vials for pickup, in either full cases or in
small boxes if'you generate only a few. 'these LSC wastes
will be repackaged for commercial diaposal effective July 1,
1987. This will cost you about $30-S50 per case (500
vials). If you MUST use those cocktails, call me or another
health physicist.

CHARGES POR RADIOACTIVE WASTE DISPQSAL
Some radioactive wentes incur additional disposal costs when
shipped to a low-level radioactive warte disposal site (e.g.
very large activites, mixed hazardous wastas, and_some,.s

{ ) isotopes like Ra-226 an6 Am-241). We try to minimize these
costs whenever possible. However, access to LLRW disposal''

sites in the near future and how current regulations will
change is uncertain. The best assurance for continued waste
acceptance is for you to promptly dispose of what you no
longer want or need, and to call beforehand if you
anticipate generating unordinary wastta.

.

.
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' k. UPDATE RECM VING RECORD

!

Periodically, the Safety Department will distribute '
'

revisions to the University Radiation Safety Committee
regulations. To help ensure that these revisions are :

received, keep a record of their insertion by filling in the i

chkrt below. The issue date will be recorded on the bottom ,

of each revision. To check if your radiation safety >

regulations are current, please call Radiation Safety at
262-8769 or 262-8667.

.

REVISION DATE ~~ DATE REVISION DATE DATE :

_ NUMBER ISSUED ,_ INSERTED NUMBER ISSUED INSERTED
,

s

1 l-7-86 11

-2 1-1-87 12
~

!

3 3-15-88 _13 ;
,

144 __- _ _ _

'
5 15 _

_

i_ 16

7
_

17
_

8 18
_ _ . . . .

9 19
__ _ m

10 20 _ ,

()v
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UNIVERSITT RADIATION SAFETY REGULATIONS

l TABLE OF CONTENTS
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I. ADMINISTRATION OF THE UNIVERSITY OF WISCONSIN-MADISON
RADIATION SAFETY PROGRAM
A. The University Radiation Safety Committee (URSC)
B. The Medical Center Radiation Safety Committee

(MCRSC)
C. 'The FDA Radioactive Drug Research Committee (RDRC)
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IE. The Authorized User
F. The Radiation Worker
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A. New Authorizations,

B. Renewal Authorizations |

C. Authorization Amendments
D. Authorization Exceptions
E. Authorized User Absenses in Excess of 38 Days i
F. Termination of Authorization
G. Further Information Pertaining to New! ,( Authorizations, Renewals, Amendments or Exceptions

,

III. BOURCES OF RADIONUCLIDES
A. CORD
B. UW Reactor Lab
C. UW~ Accelerator .

!D. Transfer from Another Authorized User on the
UW-Madison-Campus j

. E. Transfer from Another NRC License or Off-Campus i

! Source

IV. FACILITIES FOR USE AND STORAGE OF RADIONUCLIDES
| A. Definition of a Radionuclide Laboratory -

!

( B. Shielding

| C. Fume Hoods
E D. Security

V. TRAINING AND INSTRUCTIONS REQUIRED FOR RADIATION WORKERS |

A. Radiation Safety for Laboratory Technicians !

.(Handbooks)
B. Changes in Personnel

'

;

C. Additional Instructions Required for All Persons
Working With or Exposed To Radionuclides

i
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I. ADMINISTRATION OF THE UNIVERSITY OF WISCONSIN-NADISON
RADIATION SAFETY PROGRAN

k

A. The University Radiation Safety Committee (URSC)

The URSC consists of faculty and staff appointed
annually by the Chancellor (see Appendix A-1). Its
duties are:

1.- Advisory-to university administration.
2 Set policy to. insure compliance with local, state

and federal regulations.
3. Prescribe enforcement action in radiation safety.

,

4. Evaluate authorizations and exceptions from
radiation safety regulations.

B. The Medical Center Radiation Safety Committee (MCRSC)

.The MCRSC is a subcommittee of the URSC appointed every
two years by the Vice Chancellor of the Center for
Health Sciences (see~ Appendix A-2). The MCRSC evaluates
procedures for " human use" (internal or external-
administration to humans) of ionizing radiation.

See Section XII for more information about human use of
radioactive materials.

C. The FDA Radioactive Druo kesearch Committee (RDRC)

The RDRC is a subcommittee of the MCRSC, appointed every
.two years by the Vice Chancellor of the Center for
Health Sciences (see Appendix A-2). The committee
reviews research proposals that involve administration
of radioactive drugs to humans as specified by the Food
and Drug Administration.

Further information on the jurisdiction of this
,

committee can be found in 21CFR361.

D. The University Health-Physics Staff

1. Provides staff assistance.to the URSC in carrying
out procedures and policies set forth by the
committee and retains all related records.

2. Advises and assists faculty and staff.

E. The Authorized User

Authorized users are faculty members whose written
applications for authorization for possession and use of
radioactive materials have been approved by the URSC.

;

May 1984 -1- Section I
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'd" Safety.Dapt 262-8769/9667 Administration-
3

It is the authorized user's responsibility to assure
compliance'with regulations in his/har. laboratories.
THIS RESPONSIBILITY CANNOT BE DELEGATED.

F. The Radiation Worker ,

Individuals who use or work near radioactive materials
or machines which produce radiation. These individuals i

must.be trained by and work under.the supervision of the.
authorized user,

i

:
t

I

i'
:
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|n JII.-|BADIONOCLIDE AUTHORI5ATIONS --NEW,-RENEWALS, AMENDRENTS
.

AND EXCEPTIONS

A-
-A. New Authorizations

'

Complete form 99 (Appendix B) and send it to the safety
Depa rtment. - Complete ALL items.

1. Keep a copy of the application for your records.
2. Written notification will be sent as soon as the

application has been approved or denied.
3. If approved your authorization is valid for up to 3

years.

NOTE: The University does not
recognize any quantity of radioactive
material as exempt from authorization
except:
a. Commercially available

(manufactured) sealed standards
and check sources with activities
less- than or equal to those.
specified in 19CFR30.71, Schedule
B (Appendix V) and 10CFR31.

b. Exempt devices as specified in
19CFR30 and 16CFR31'(copies are-on'
file in the Safety Department;

1 check with a health physicist).
Tampering with- these exempt
devices is against the law!

4

B. Renewal Authorizations

Written notification that your authorization is going to
expire will be sent well in advance of the expiration
date.
1. Complete a-form 99 (Appendix B) and send it to the

Safety Department; include any desired changes or
exception requests.

NOTE: Incorporation of information by
reference to previously submitted
applicaticus is not acceptable.

2. Once your application is received in the Safety
Department, it is considered to be under timely
renewal.

3. Failure to submit an application by the deadline
date will' result in immediate revocation of your
authorization for radioactive materials.

4. Written notification will be sent as soon as the

May 1984 -1- Section II
:
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eD
'

' renewal application has been. approved or denied.'

5. Approval will be for up to, but not exceeding, 3.
p years.

C. Authorizstion Amendments

Requests for changes to your authorization are possible- J

by submitting a form 99 or 99S indicating the desired j

change.

1. Submit the short form 99S (Appendix D) for additions
or deletions of authorized radionuclide labs. Also, '

see Section IX, Final Surveys,-for room deletions. I

2. Keep a-copy of the amendment for your files.
3. Written notification will be-sent as soon as the

amendment has been granted or denied.
I

D. Authorization Exceptions

V If any University regulation.is impractical for your
radionuclide program, you may request an exception to .J
that regulation. You may apply for more than one'

exception.

[ 1. Send a written exception request to the Safety -

-

Department. . .
.

-

2. The exception is good only for the duration of your
current authorization-(i.e. it must be. renewed with
your authorization). (

3. Exceptions may only.be granted if they do not pose
hazards or violate the terms and conditions of the ,

University's NRC license or regulations.
o

E. Authorized User Absences in' Excess of 30 Days

When an authorized user' is going to be-absent for more* -

than 30 days, authorization must be transferred to .

another URSC approved user. Complete all items on fo,rm
99T, " Temporary Transfer of Authorization" (Appendix E),
and submit.it to Radiation Safety. The authorized user
and substitute will be notified in writing of the URSC
approval or denial of the temporary transfer.

:F. Termination of Authorization

Authorization may be terminated at the request of the
authorized user or the URSC. To terminate an
authorization, the user must properly dispose of all
radionuclides (as waste, by transfer to another user,
etc.), perform final surveys of all radionuclide

O
May 1984 -2- Section II

!
_ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _. _ . _ . _ _ _ _ . _ _ . _ _ _ _ . _ _. _ . _ ._ _ _ _..



.- .- .- .. .- - . . . - . . . -

\

$
L

' Safety: Dept 262-8769/9667 Radionuclide Authorizations i

P

;/'8 ; i.

.is- facilities and contact Radiation Safety.
~

.

G. . Further Information Pertainino to New Authorizations.
Renewals, Amendments or Exceptions _,

1. ..You must comply with conditions and procedures '

described in your authorization - i.e. if you state
'that laboratory surveys will be done weekly this is
what you must do.

2. .If you-have difficulty completing any' items on an
~

'

,

application form call Radiation Safety.
'

NOTE: Radiation Safety procedures for
approval of authorization are:
1. A health physicist reviews the .

-application.
2. A health physicist will visit you

*

if you are; a new applicant andc

L will answer .any questions you may
have. A visit may occur- for a
renewal, amendment or exception.

3. For new authorizations and t
''

exceptions, the. applicant's
University Radiation Safety j

Committee (URS0) representativep- and the chairman of the URSC will .

! grant temporary approval. Final [
,

'~'

i approval is grantea by.the entire :

| URSC. 3

See Section XIII, Part A for information on applications'for
human (medical) use,

l
l

'.

.May 1984 -3- Section II
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III., SOURCES OF RADIONUCLIDES

J
'

3

All radioactive materials must be ordered through CORD
s

(Central Ordering, Receiving and Distribution) located in
'

-the Safety Department. Ordering procedures for CORD and
other legitimate methods of obtaining radionuclides follow.

A. CQED

CORD places all radionuclide orders with commercial
e vendors and UW Purchasing. !

NOTE: Authorised users -may not place
orders directly with (nor receive
radioactive materials directly from)-
commercial vendors. UW Purchasing will
not process the order.

The following explains how to order radionuclides.

1. . CORD Hours: 7:45 AM to 11:45 AM &

12:30 PM-to 4:30 PM
L- Phone: 262-6511

2. CORD Fee |
a. The COPD fee IS assessed for "- each unique radionuclide/ compound ordered

. C) - free samples and evaluation orders- . ,

- s_/ . b. The CORD fee IS NOT assessed for'

L' - replacement shipments for damages,. impurities,
I or CORD or vendor errors

- radionuclide transfers between authorized'

users
3, Placing Orders

a. Give- this information to CORD when placing lui ;

order:
- authorized user's name and department j

'

- room and building for deliveryl

- compound name ;

preferred vendor and catalog number (CORD
personnel will look up catalog information to
help in order selection, prices . . .)

- number of units needed and activity per unit
- requisition number (see 4 below)
- any instructions for special ordering,

handling or storage while in transit i

b. Orders received by 11:45 AM will be placed with ;

the vendor that afternoon. Orders received in
'

'

the afternoon will be placed with vendors the
following afternoon.

c. CORD will notify the person who placed the order
of any expected delays in shipments

A
'

May 1984 -1- Section III
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d. Small; quantities of certain materials:(I-125,
,

!, P-32 and Cr-51, formerly called aliquots) must I

be: received.by 11:45 AM Thursday to obtain"the
low bulk rate. The order will'be delivered the
following week on any afternoon you request.

4. Purchasing.Radionuclide Orders
a. There are.two types of internal requisitions for o

~

L radionuclide purchases: j
--Blanket orders.- money for.several purchases

p -for a designated period of-time.. Blanket
p orders expire when funds or time expire. Give I

the blanketsorder number for each order.
- One time orders - a requisition processed for"

a, specific order. It cannot be used again.
.

b. Initiate ~an INTERNAL requisition made out to:
'

CORD / Safety Department'

<

317 N. Randall Ave.,

? It takes 3 to 14 days for the Purchasing Department
to process'a requisition (ask your departmental

,

. secretary for details). To order immediately, mail-|

or. hand deliver a copy of the requisition to the
L CORD office.
! 5. CORD Deliveries-
L All' shipments received at CORD are opened,

inventoried and stored for delivery. 'Any shipment. |

.Ireceived in1 CORD-by111:45 AM will be delivered that
afternoon by the CORD technician. '|

'

| NOTES. Individual vials should be
k_ handled, with -disposable gloves. They

are .not. routinely checked for' external |

contamination when received. I
,.

u

B. UW Reactor Lab

To receive materials from the reactor, users must be
'specifically authorized by the URSC on their Form 99.
In addition, complete and file UWNR 134 " Request and
Authorization for Services of the University of
Wisconsin Reactor" (Appendix G).

,

L C. UW Accelerator

Specific approval must be granted in the user's URSC
authorization to receive radioactive materials from a UW
accelerator. Details of registering receipt of such
materials will be handled on a case-by-case basis by the
URSC.

D. Transfer from Another Authorized User on the UW-Madison 9
May 1984 -2- Section III
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Safety | Dept 262-8769/0667: Sources of. Radionuclides

A. .

- ;c :

s Campus

1. Material in activities GREATER THAN_ levels specified '

in Appendix.V (10CFR30.71, Schedule B). .'
ia. Before the transfe<, the authorized user

proposing.the transfer must call CORD (2-6511)
and-inform them:of the: i
_ type of material 'j

- quantity'(activity) of material ;

_

_

recipient and destination'of the material,

b. If the.transferfis between buildings, arrange
for Safety to handle the transfer. <

c. If within the same building, the user may
transfer the material (depending on the type and
quantity of material, special arrangements may
be desired). Safety must be notified in
advance.

NOTE: . When the transfer' request
~ ,

is called in, CORD will fill out a t

" Radioactive . Waste Pickup" form t

(Appendix I) . and adjust the o
inventory of both the recipient

'

and the transferrer., Copies of
these inventory records will be,

f
i. ;. given to the users.
,

j 2. ' Material in activities LESS THAN OR EQUAL TO levels
specified in Appendix V (10CFR30.71,. Schedule B).

,

a. The? person doing the' transfer should call CORD >

(2-6511) and verify that:
- the' recipient:is authorized for the type and

,

'

quantity _of material'to be transferred.,

'

! - transfer of this material will not. exceed the
recipient's possession limit

b. The authorized person transferring the material ;

must report the transfer on a " Radioactive Waste i
Pickup" form-(Appendix I) within one week.

,

E. Transfer from Another NRC License or Off-Camous Source
,

L This includes material from the VA Hospital, free
samples, evaluation shipments, custom syntheses, etc.

1. All radioactive materials must be ordered ANDo
shipped through CORD.

2. Instruct the shipper to send the material to:
Safety Department / CORD
317 N. Randall Ave.
Madison, WI 53715

May 1984 -3- Section III
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Safety Dept 262-8769/0667- Sources of Radionuclides !

i

O ':i
-

3. Call CORD and inform them of the impending shipment -

.

and any special handling'necessary.
4. CORD will add the shipment to the authorized user's -

inventory and deliver the material when received. I

5. If you should receive radioactive materials,
; contrary to your instructions, notify CORD
immediately,

i

| !

i,
'

,

h
'

,

LL ,
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'IV. FACILITIES FOR USE'AND STORAGE OF RADIONUCLIDES
L,r ' :.

'\.)
'

'

NOTE: The authorized user is responsible for _;

providing adequate facilities for the proposed
radionuclide use and. storage.

'

A. Definition of a Radionuclide Laboratory

An' enclosed space separated from adjacent areas by
floor, ceiling and walls which extend from
floor-to-ceiling with built-in closures'for any openings
in walls, floor or ceiling.

1. If unsealed sources of radioactive materials are.
'

used anywhere within the enclosure, the entire room
is considered to be a radioactive materials area.

2. Exceptions to this may be granted by the URSC on a
case-by-case basis.

B. Shieldina

The authorized user must provide shielding sco that
'exposures are kept as low as reasonably achievable

(ALARA)..
r

.- C. Fume Hoods

L p/
| (- Fume hoods must have adequate air flow to ensure that

restricted areas and hood effluents are below MPC
(maximum permissible concentrations, see Appendix V,
10CFR20, Schedule B). See Section XII for information
about~using radioiodine in hoods.

D. Security

b Radioactive materials, including waste, must be secured
against unauthorized removal. See section VII for more
information.

,

NOTE: Anyone who suspects that i

radioactive. material has been lost' or
stolen must contact Radiation Safety
immediately.

.

..

O
May'1984- -1- Section IV
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.
.V.- TRAINING AND INSTRUCTIONS. REQUIRED POR RADIATION WORKERS-

x
-

( j'
' ' '' - -It is the authorized user's responsibility to train their

'

personnel in radiation safety, techniques. Minimum training
requirements are given below. '

A. Radiation Safety for Laboratory Technicians-(Handbook)

1. All persons who will work in a radionuclide facility
(even if they do not handle radioactive materials)
must_ read this. manual, and take and pass the exam
(Appendix K)-before they begin work.

2.- Completed exams are to be submitted to the' Safety
Department. Exams are graded'and returned-to the
authorized users.

3. . Alternative training may be acceptable; contact
Radiation Safety.

NOTE: Students participating in-
classroom laboratory exercises where
radionuclides in total quantities less
than those listed. in Appendix V
(19CFR38.71, Schedule B) do not need
to take the exam. !

! 4. Individuals who leave employment with one authorized

L ('')N
user and begin employment with another need not ';

L|5 retake the exam if the exam was successfully
completed within one year of transfer of employment.

-B. Chances in Personnel'

Authorized users must notify the health physics-staff - 1

when a person discontinues: work in'their radionuclide j

p facility.
H :

L' C. Additional Instructions Recuired for All Persons Workina
With or-Exposed To Radion'tclides

Authorized users are respcnsible for providing their .

'personnel with.the instructions specified in 10CFR19.12,
b " Instructions to Workers":
i

1. Persons working in or frequenting any portion of a
restricted area will be informed as to the storage,

| transfer, or use of radioactive materials or of
radiation in such portions of the restricted area.

2. Persons will be instructed as to the hazards
associated with working with radioactive materials
or radiation.

L 3. Persons will be instructed as to precautions and

!J
May 1984 -1- Section V
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] Snfoty D;pt 262-8769/8667- Training -a

#i

b- J.'

I procedures to minimize radiation exposure. !

;

NRC Form 3' (Appendix L) provides " Notice to Employees"
~

-

,

to be posted where every radiation worker will see it.>

,

,
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VI. . PERSONNEL NONITORING
(''Y -

'L_f
Authorized users are responsible for insuring that persons t

.

-working for-them have and wear dosimeters when required by ,

' '

federal (NRC) or University regulations.

- A. .NRC Rdquirements ,

The NRC' regulations require that personnel-monitoring i

equipment be used by:
o e

1. Each person who enters a restricted area under
circumstances where he could. receive or is likely to
receive'a dose greater than 25% of-the quarterly
dose limits (see table below).

2. Each person-who is under 18 years of age who enters
a restricted area under circumstances where he could
receive 5% of the applicable allowable dose for a
calendar quarter (see table below).

3. Each person who enters a high radiation area-
( 1 100 mrem /hr) .

Levels requiring
occupational dose limits personnel
per' calendar. quarter (mrem) monitoring (mrem)

25% 5%

Whole body, head and trunk,i 7-Lq j active blood forming organs, 1,250 312 62
g xs lens of eyes, or gonads <

l

Hands and forearms, 18,750 4,680 937
. feet.and ankle

Skin of'whole body 7,500 1.875 375 4

B.. University Requirements

Dosimeters are required for all workers who use 1 mci or.
more of radioactive material which decays with product
energies as.specified below:

I DECAY PRODUCT ENERGY BADGE TYPE !

) beta 1 500 kev (maximum body
energy) extremity *

gamma 1 20 kev body
extremity **

Unless shielding will prevent extremity exposureL *

|~ ** If operation is such that extremity exposures could
'

' not be ascertained from the body badge (e.g. body is
! shielded)

|

| May 1984 -1- Section VI
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4

m

C. ,obtainina'Domimeters-

1. Contact the individual responsible for administering
badges to your group (or Radiation Safety).

2. Complete a Form 135 (Appendix M):and submit it to
Radiation Safety.

3. If you. lose a badge call Radiation Safety and submit
a missing badge report (Appendix N).

NOTE: Your department will be billed
for badges that. are not returned
within 30 days of the end of a
monitoring period.

D. Donimetry Records'and Overexposures

Exposure histories can be obtained from Radiation
Safety. It-is the authorized user's responsibility to:

1. ' Inform personnel where dosimetry. records are posted
and filed.

2. . Provide necessary information to Radiation Safety to-
evaluate'any recorded overexposures.

NOTE: Radiation Safety will. review
dosimetry records for overexposures
and conduct investigations on those

. exceeding 50%- of the maximum-
; permissible dose.

E. Further Information Relatino to Personnel Dosimetry

Some important " musts" for, dosimeters:

1. Store dosimeters where-they will not inadvertently
be exposed to ionizing radiation, excessive heat or
moisture.

2. Wear only the dosimeter assigned to you.-
3. Body badges - wear on the trunk of your body at the

point where it is most likely to receive maximum
exposure.

4. Ring badges - if you are right handed, wear the ring
on your right hand.

5. Lead aprons - if wearing a' lead apron, wear the
badge on your collar (outside of the apron).

6. Turn in the dosimeter to your badge group leader by
the 25th of the month that the badging period ends.
Make sure you have been issued a new dosimeter
before turning in the old one.

O
May 1984 -2- Section VI
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Sa'f ety Dept 262-8769/0667 Personnel Monitoring'

i

lIC./ . .

A 7. If.you leave-the University, turn your badges in to ,

your badge. group leader. -,

(

If-you.have questions contact Radiation Safety. DO NOT
CONTACT THE VENDOR.

t

c: L

NOTE: If you suspect that you or your -t"

dosimeter may have been overerposed or
contaminated call a health physicist
immediately.

,

>

|>

(.1

i
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,

V
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g
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.- VII.- SECURITY OF RADIOACTIVE MATERIAL
%. .

i,

Authorized users are responsible for the security of all
radioactive materials in thei'r possession including.
radioactive waste in storage. NRC regulations allow for the i
use and storage of radioactive materials in two types of

~

areas:

A. ' Restricted Area is any area to which access IA
controlled by the. licensee for purposes of protection of
individuals from exposures to radiation and radioactive
materials (e.g..radionuclide labs).

1. Areas.where radioactive materials are routinely used
or stored are usually designated as restricted areas.
Such areas must be conspicously posted at each
entryway with two signs: one, the conventional
radiation caution symbol and the words
" CAUTION: RADIOACTIVE MATERIAL", and the other
" RESTRICTED AREA: AUTBORIEED PERSONNEL ONLY".
Such posting shall constitute control over the,

restricted area.

2. Occupational dose limits apply to individuals in .

restricted areas (5000 mrem per year).

LI B. Unrestricted Area is any area to which access IS NOT i

A' contro13ed by the licensee for the purposes of protection
of individuals from exposure to radiation and radioactive
materials.

i

L 1; .(a) Licensed materials stored in unrestricted areas
shall be secure from unauthorized removal from the'

H place of-storage. Such areas include locked and
'

labelled (" CAUTION: RADIOACTIVE MATERIAL")
'

refrigerators and cabinets in hallways and on
loading docks.

(b) Licensed materials in unrestricted areas and not
in locked storage shall be tended under the
constant surveillance and immediate control of an
authorized user.

2. Radiation exposure levels below 0.6 mrem per hour are ;

permitted in unrestricted areas. ;

Restricted areas containing very large quantities of ;

radioactive materials may require additional security measures
'

beyond those listed above.

O,
v

March 1986 -1- Section VII-Change 1
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FOOD, BEVERAGES, SNOKING, ETC. IN RADIONUCLIDE.FACILITIE'S--W 7VIII.
, .

,
. -

3

,,- .

t

p" :y . . .;
y

i

.The following activities: are prohibited in laboratoriesw

where' unsealed sources of radioactive materials a're present:
,

1 ,1. , Consumption, preparationLand/or storage of food, I
f

'

,

|' beverages or medications..
'

1 2. Application of topical. medication or cosmetics.'

3... Smoking and' tobacco chewing.
4.: Mouth pipetting. q

p

,

:
t. . t
!

:
-i

!

;

i-

(

. i

-

,

:

i

.,

4

$
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p7 .' II . IABORATORY SURVEYS AMD CONTAMINATION

(-
,

Authorized users.are responsible for insuring that adequate
surveys for contamination are conducted in their
radionuclide facilities where UNSEALED SOURCES of

. I
I

-radioactive materials are used or stored.

A. Survey Frequency

1
NOTE: _ The authorized user is required to

| conduct surveys as specified in his/her 1,

'

authorisation to possess and useo

radioactive materials.

- 1. ~The minimum survey frequency is determined by the
amount of radioactivity used at any one time. i

Opening a bottle, vial, etc. or having waste present
constitutes using radioactive material. ,

FREQUENCY ACTIVITY USED
'y

IMMEDIATELY
h AFTER THE USE of 1 5 mci of radioiodine

or 1 50 mci of radioiodine ;

; .
Monthly

. 1 200 uCi at any one time !

'

(send copy to safety)

'o''T-
Aq,J Semiannually < 200 uCi or if radioactive

materials are in storage only

2. Materials-in storage -
A survey must be conducted after the last use before
the material may be considered to be in storage.

B. Adequate surveys

'
This part is to provide general' guidelines for surveys
of facilities where unsealed sources of radioactivity
are used or stored;'it will'nni cover all uses and
situations.-

~

1 Low energy beta emitters.- wet wipe tests for
removable contamination are required.

2.- High energy beta.and/or gamma emitters - a check of
exposure levels is required in addition to wipe

,

tests-for removable contamination.
3. Surveys for removable contamination - wipe tests

must be conducted in all areas where radioactivity
is handled or stored in an unsealed form and must be
taken with moist smears, swabs, etc. covering an
area of approximately 100 sq cm. CAUTION: Do not
cross-contaminate wipe tests. Results of the surveyfy

..

1- Section IX-Change 1March 1986 -
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Safoty D3pt'262-8769/8667 Survoya and Contcmincti6n j

,

must include
a. Location and date i

b. Diagram of the area surveyed )
c. Identification.of person doing the survey |

d. Type of counter used |

e. Background. count for wipe tests
f. Measured counts for wipe testa keyed to !

alocations on the survey diagram

NOTE: Areas with removable -

activity (counts) in. excess of
10- times background are considered
contaminated and must be cleaned
and then resurveyed.

g. If contamination is found, a record of~the
resurvey after decontamination must be kept.

4 .- Surveys for exposure levels - A calibrated survey
meter, sufficiently sensitive to detect 8.1 mR/hr
(e.g. GM) , _ must be used. Results of the survey must s

includes-
a. Location ~and date
b. Diagram of the area. surveyed
c. Identification of person doing;the survey .

d. Type of survey meter used
e. Background exposure rate measured outside the

radionuclide-facility and away from potential
radiation fields |

"

f. Measured exposure. rates keyed to locations on
!survey diagram

g. In the. event of excessive exposure' rates,
documentation of corrective; action taken and ,

'record of exposure rates following. corrective
action

NOTE: Results- of wipe tests and
exposure levels may be recorded on the
same survey map. A sample map is

! included, see. Appendix 0.

C. Final' Surveys

If an authorized user wants to remove a room from
his/her authorization or designate an area that
contained unsealed sources of radioactive materials
as an unrestricted area (i.e. not restricted by i

these regulations), a thorough final survey must be
done. (See Adequate Surveys, part B, above.)

O'
March 1986 -2- Section IX-Change 1
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O SOfoty Dipt 262-8769/0667 Survoya and_ Contamination ,

|
,

L'~

L NOTE: A copy of the, final survey must-
accompany a completed forn 998 j
(Appendix- D) and be approved by ,

Radiation Safety before the room will |

be removed- from the authorized user's
-.4 list of areas .for storage and use of

radioactive materials. ,

- i

D. Posting and Record-Keepina' Requirements ,

1. A copy of the most recent survey must be posted ,

in each laboratory. "

Previous surveys must be available for perusal , j
2. . by the Radiation Safety staff and employees of '

federal and state agencies, i

3. . Survey records must be retained for a minimum of
2 years.

;

.
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X..' SEALED SOURCES - LEAR TESTS

~(
A sealed source is any radioactive material that is. ;

. permanently encapsulated to prevent leakage or escape of
radioactive material. Contact Radiation Safety if you wish
to fabricate a sealed source.

NOTES- Radiation Safety is required to perform |
leak tests and keep records for all sealed
sources.

If you. receive a sealed source or a piece of "

equipment containing-a sealed source (e.g. gas
chromatograph BC foils or vacuum gauges) call

1- Radiation Safety so we'can add it to the leak
j test schedule if required.

.

|

|
.

i

I.
|

|
|

-.

.

;

-

,

O
May 1984 -1- Section X

. _ . . _ __ . _ . .. -- . ._. . - . .. - -



- - . - - - . - - -. . -- . _-.

z,a
:>

1 y - ,

<

-XI. INSTRUMENT REQUIREMENTS FOR SURVEYS AND MONITORING- :

, } j'].

k_[ The authorized' user must have available the instruments I

listed"in-his/her. authorization.,

''

A. P_o_rtable Survey Meters (e.g. GM) 1

s
'

1. Availability
,' Survey meters must be operating and in the vicinity

therever unsealed sources of energetic beta emitters
or gamma emitters are being handicd. I

|2. Calibration frequency
_

Meters must be calibrate.d at-the frequency specified
in'your radionuclide anchorization but at least once
per year.- The safety Department will calibrate a-
limited number of meters.and will notify you in
advance of the calibration due date. Bring the

'

survey meter to the Safety Department (label with j

authorized user name and phone number).
!

NOTE: Notify Radiation Safecy- when
you purchase a survey meter so it can |

=be added to the calibration schedule. ;

Some types of meters must be sent to '

an alternate calibration service; the
user is responsible for calibration |

f-w - fees and other charges. ;

'q' .) -.

3. .When you bring a meter to the Safety Department plan !
to wait a few minutes while.your meter is logged in.

B. .Linuld Scintillation Counters or Gas Flow Counters
*

1

Individuals using low energy beta emitters must have i
access to.one of these types of counters.. :|

|

|
i

1

1

\

May 1984 -1- Section XI

__ . _ _ _ _ _ _ _ _ - _ _ _ . - . . . .. . . . _ . . . - , . .--



. . - . - . _ _ . - ,

'

, .-

.{
.

de
-KII. ; CCNTAMINATION AND itADIATION LEVELS

'
.

'-
: JL . Qmtpmination

NOTE s - Contamination is present when
-levels of recovable radioactivity in
excess of- 18 times background are

,

detected. .

.When contamination is decected, the following procedure
should he followed:

1. Don protective clothing, i.e. rubber gloves, lab
coat, etc..

2. Clean areaLthoroughly.
3. Remonitor the. area. .

4. Document surveys and resurveys (see Section IX,.
Adequate Surveys).

If the contamination cannot be c1 caned, clearly label
the area to prevent spread of contamination and call
Radiation Safety for assistance.

NOTE: For ~spille cnd contamination
! problems,. contact Radiation Safety

immediately.
MN .
k ,) . B. Surefey Recutrements Prior to Operations by Non-Radiation~

Worker.g

Non-radiation workers include carpenters, electricians, -

steamfitters, etc.

1. Removable Contamination
: a. Survey the area or equipment to be worked in or
L

on by the non-radiation worker and decontaminate
if necessary,'

b. Clearly mark the area or equipment as being free
of contamination.

I!' c. Notify Radiation Safety that work is being done ;

E by non-radiation workers.
2. Radiation Levels

Non-radiation workers may not work in any area where,

,

L exposures could exceed:
a. 2 mrem in any one hour or
b. 100 mrem in seven consecutive days (to an

N individual continuously present in the area).
1: -

The authorized user must retain documentation of these
surveys and provide a copy to the worker upon request.

1
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. XIII. RADIONDCLIDE USES itITH SMsCIAL REQUIRENENTS

'

4 The following five areas have special requirements:
'

,

A. Human-use,,
,

B. Radiciodine use ,,

C. Tritium use
D.' Animal use ,

E. -Airborne radioactivity

m t
,

A. Human Use .;
;

* This is the -internal or e:cternal administration of
radiation to humana for diagnostic, therapeutic or
investigative purpesos. Information on acceptable
training and experience for medical uses of byproduct
material may be found in Appendix F-1. The following

E procedures.are-required for obtaining authorization.

1. Submit a completed form 99, " Application for. '

Possession and Use of Radioactive Materials"
(Appendix B), to Radiation Safety. .

; . 2. Submit.a completed form 98, Application for Human }
"

'/*- Use of, Radionuclides" J Appendix - F-2) , to Radiation~

- Safety.
3. The application will be evaluated by-the Medical

Center Radiation Safety Committee which meets at
least semiannually.

NOTE: It' is committee policy to deny ,

'

a " human- use" application if two
members oppose the proposal.

.

.4. The authorized' user will receive written
notification when his/her authorization has been
granted or denied.

B.- Radiciodine Usg

NOTE: Contact Radiation Safety
immediately of cuspected inhalation,
spills, excessive releases or excessive

. exposure to personnel.
._

March 1986 -1- Section XIII-Change 1
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SafetyLDopt 262-8769/0667- Uses=with Spocici Requiram#nho- j
e

s

.;

_There are special monitoring requirements for users of
' radioactive iodine. ;

1. Use of a Pume Hood or Approved Facility ,

Procedures involving 100 uCi or more of radioiodine
'must be performed-in a fume hood or other facility

that has been approved by Radiation Safety.

WOTE: Hoods should be left running ;

continuously. Notify Radiation' Safety j

if the bood has to be sbut down. q__

2. Evaluation of Radiciodine Concentrations in Air |

N
-

Breathing Zone-Air monitoring is required during
procedures involving 1 mci or more of volatile
radioiodine or la mci or more of non-volatile
radioiodine. The steps in this monitoring are as
follows:
a. One activated charcoal-filter will be delivered .

_

with your radioiodine order from CORD.
,

b. Insert'the filter in the line attached to the '

vacuum. source.
c.- Turn on the vacuum source and note the time. . .J

The vacuum supply must run continuously.while '

.

the iodine procedure is being performed. -

4

d. Maximize sample _ flow rate,
e. Record the-flow rate as indicated by the flow

meter in the breathing zone monitoring line.
f. After the'radioiodine procedure is complete, ,

turn off the vacuum pump, put the filter in its
plastic-bag and fill-in the required information
on the label'.

g. You must bring the filter to CORD when you come- -j
in for a thyroid count.

4 3. Thyroid Bioassays
i

NOTE:- Due to the bioassay requirement
L being "within '7 days of receipt",

users- are advised NOT to order their[ H
l. radioiodine more than a couple of days
L in> advance of its. intended use.

1.4 BIOASSAY TYPE TIME ACTIVITY LEVELS
L volatile Non-volatile
D Background Within 6 months 100 uCi 1 mci

of use
Post-use within 7 days 100 uCi 1 mci

of receipt *
*An extension for I-125 may be granted upon request,

March 1986 -2- Section XIII-Change 1
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-

'--|' but' not to exceed 14' days"(extensions for I-131 are
*

-

not possible).
=a. Scheduling thyroid counts

- Call' CORD and schedule a' thyroid count within ;

7 days of' receipt of-radioiodine.. t

- Bring your breathing zone monitor to_the CORD
1

office (Safety Department);at~your scheduled
time.

~ '

. - ;.

- There.is a $15 fee for the count.-
b. .If radioiodine is detected-

'

- The individual will be. notified in. writing of-
' lthe uptake.

'

- If the uptake is greater than 50% of 40 MPC.

hours, two weekly thyroid counts will be'

scheduled and then every 4 weeks until +

background levels-are indicated (at no
additional cost).

- The authorized user will be required to submit
a written proposal of action to be taken to
prevent recurrence-if an uptake is greater

'

than 50% of 40 MPC hours.
.

4. Effluent Monitoring
. .

1
r' ~The' Radiation Safety staff will monitor the hood
(_j)-o

effluent at.the point of exhaust and retain all|
records. - . :
a. Notify _ Radiation Safety if the fan breaks down

or.is to be turned off for-some reason.- Hoods
may not be turned off without written permission <

from Radiation ^ Safety.'

Lb. The authorized user may cee his/her effluent
monitoring results:at any time by calling -

Radiation Safety.
;

NOTE:. An annual' summary, of the-

,

effluent monitoring for each '

radioiodine hood will be provided
to. the authorized user upon,

request.,

5. Special Surveys

Meter and wipe surveys must be performed and
documented immediately after each use of 1 5 mci
of radiciodine. This survey must be posted and
saved for-two years like all other room surveys.
See Part IX of these regulations.

1

After each use of 1 50 mci of radioidine a copy of

( this special survey must be submitted to the health

March 1986 -3- Section XIII-Change 1
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!

. physics staff for review. I

w
,| C. ' Tritium one

Procedures which have the possibility of producing i

airborne tritium must be conducted in a fume hood or
other approved facility. Some J~9s may require the ;

authorized user to provide an adequate system of i

.
breathing' zone and/or effluent monitoring to assure !

L regulatory levels are not exceeded. ],

1. Urine bionssays are required from persons working jo
with 18 mci or more of unsealed tritium.

'

'

L

|. EIQASSAY TYPE T1Hg

L ,. Background Count Within 6 months prior to use |

| Post-use Count within 1 week during |

L and after procedure * |
; * If any activity is detected,. weekly post-use j

| bioassays are required until background counts are |

reached. ,

)
NOTE: ' Working with" includes
withdrawing any amount of the tritium
from a stock solution of 15 aci or &l

L. more, even though the quantity used W l
in the experiment may be less than 15 |,

|| aci.

- 2. Bring the cample to the Safety Department in the
labelled vial provided. DO NOT SEND SAMPLES THROUGH !L

I

INTERCAMPUS MAIL.'

! .

3. A copy of the results will be sent to each personL

submitting a sample.

D. Animal ttag

To use radioactive materials in animals, the authorized
user-must' submit a comeleted form 99A (Appendix C) to
the Safety Department. ;

1. .The application must be approved by the URSC.'

2. The authorized user vill receive written "

notification of approval or denial.
3. The authorized user is responsible for assuring:~ . ,

a. training of animal care personnel.
b. that radioactive animals are not moved to

unauthorized facilities.
c. proper labelling of animal rooms and cages. -

March 1986 -4- Section XIII-Change 1
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NOTE: Each cage must be labelled as !
follows: :

' Radioactive materials' label :
'- Radionuclide and amount administered

- Date adminirtered ;
i- Name and phone 9 of authorized user

d. Proper disposal of animals, bedding, food and |

waste (see Section XIX). |

E. Airborne Radioactivity |
t

Authorized users having procedures and/or materials with
'

the potential for producing airborne radioactivity
(gases, aerosols or dusts) must perform their operations
in a hood or other approved facility.

:
!

,

O'

>

,

!

i

4

.

%

V-
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i- XIV. RECORD KEEPING AND INVENTORY !

| 'T ,

\ >j The authorized user is required to maintain up-to-date
t'' \

records of.radionuclide use, decay and disposal.

A. Authorized User Responsibility
,

1. Retair, a log book where receipt, use and disposal of i
" radioactive materials is recorded AS IT OCCURS. '

' Appendix Q is provided with each order and should be ;

used for record keeping purposes.
2. Be able to ascertain total activity for each ,

i-

radionuclide at any time. If short lived ;
'

radionuclides are used, decay must be recorded
monthly. ,

3. Log book must be available for inspection by ,

Radiation Safety at any time.
4. Keep copies _of all CORD, disposal and transfer forms ;

on file for Radiation Safety perusal. :
!

NOTE: Discrepancies in inventory
records must be resolved immediately. "

.B. Radi' tion Safety Responsibility

1. Maintain a running inventory for each radionuclide

(~') -
an authorized user possesses based on records from -

e

s. , CORD, user disposal forms and transfer reports.
'

2. Prevent authorized users from exceeding their
possession limits or receiving unauthorized
radioactive materials.

3. Assure the NRC license limit and building limit for
any one radionuclide is not exceeded.

4. Check user-inventory records during routine .

Radiation Safety inspections (this may involve a,

L' physical inventory),

t

!
.

|

|

P
k
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XV. TRANSPORTATION AND SHIPMENT OF RADIOACTIVE NATERIALS

A. on campus

1. Activities less than or acual to those listed in
Appendix V may be transferred between buildings by
the authorized user.

2. Activities creater than those listed in Appendix V
must.be transferred BETWEEN buildings (but not
within the same building) by Radiation Safety. Call
CORD a day in advance to schedule transfers.

NOTE: The authorized user providing the
material must call CORD (262-6511) BEFORE
each transfer to another authorised user.

See Section III, Part D for more information.

B. off campus

Transfers to off-campus sites, including the VA
Hospital, must first be approved by a health physicist
regardless of the quantity. Authorized users, or their
personnel, may ship limited quantities of radioactive
materials off campus, directly from their labs, PROVIDED
HEALTH PHYSICIST APPROVAL IS SECURED PRIOR TO EACH

( SHIPMENT. See Appendix R for more information about
- radionuclide shipments,

NOTE: Transfers between users and shipments
i

i off campus are methods of disposal and will
result in removal of the radioactivity fron;

| your inventory. Radiation Safety will
complete and send you a waste disposal form|

3
'

for each approved transaction.
t
;

-

'

t

.

,

1- p
Q)'
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XVI. POSTIM AND LABELLING REQUIREMENTS |
.n

!K- These requirements are based on federal re.gulations except
that no distinction is made between ionizing radiation !

emitted by radioactive materials and machine produced
'

radiation.
:

A. Sions ,

Appropriate " caution" signs will be provided whenever a '

facility is approved as a restricted area (e.g. when ;

authorization is granted or amended). j

B. Other Postino Reguirements t

1. NRC Form 3 " Notice to Employees", Appendix L
2. " Notice to Workers" informing workers that the NRC L

'license and related documents (Parts 19 and 20 of
Title 10, Code of Federal Regulations - Appendicies ,

T and U) and operating procedures are available for ;

examination at t).e Safety Department. This notice !

is a card usual:y attached to NRC Form 3.
3. A list of names snd phone numbers of persons who can

provide assistanc. or answer questions regarding*

radiation safety (see Appendix H) .
4. "No smoking no eating no drinking" signs. >

{) C. Container Labellina

Each container of radioactive material (including waste)
must be labelled with a durable and clearly visible
label identifying the radioactive material contents.
The label must contain the radiation symbol, the words

'

" Caution Radioactive Materials", the activity and
identity of the radionuclide and the date for which the

_'
activity was determined.

' Radioactive" yellow tape may be purchased from the
Safety Department.

|

'

o
l

|

l-

~'
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IVII. RECOM?iENDATIONS FOR PERSONS USING UNSEALED SOURCES OF >

RADIOECTIVE MATERIALS
,

(
'

''
A. Precautions to Take when Working with Unsealed Sources |

of Radioactive Materials
'

.

1. Wear lab coats, disposable gloves and safety |
glasses. When leaving the lab, these items should i
be left in the lab.

2. Cover work area with plastic backed absorbent ;

material and/or a nonporous tray. ;

3. Assume all radioactive material containers are ,

contaminated. :
!); 4. Do a " dry run" without radioactive materials to

learn new procedures.
'5. Radiation workers should be thoroughly familiar with ;

the properties of the radionuclides they are using. |
If you are uncertain about the safety of a procedure
call Radiation Safety. ,

NOTE: Pamphlets with useful technical
information for some radionuclides are

'available from the Safety Department.
. .

'

6. Employ the three basic rules whenever working with
radioactive materials - time, distance and

i
shielding.

. fi 7. Monitor gloves, clothing and work area after each ;

N/ use of a high energy beta or a gamma emitter.'

B. Some Important DO " NOTS" '

1. DO NOT work with radioactive materials if you have
an open wound.

"2. NO mouth pipetting.
3. NO personal belongings in active areas of the lab.
4. NO food, beverages or smoking. "

i

|
t
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I' IVIII. me m w r p30CEDURES

A. Phone Ntimbers

Police and Security (P & S): 262-2957
P & S will be able to contact health physicists during
or after business hours.
Radiation Safety: 262-8769 or 262-8667
Refer to Appendix H for additional emergency numbers.

B. General Procedures

1. Do not risk external or internal exposure to save
equipment or an experiment. Modification of this
point should be only at the direction of a person
qualified to estimate the hazards involved.

2. In all cases of serious physical injury, medical
attention and hospitalization take precedence over
other concerns.

3. In an absolute life-or-death situation or to avoid a
more serious (i.e. potentially life-threatening)
hazard, it is permissible to allow a rescuer to
receive an external radiation exposure of up to 25
rem.

4. Immediately following a spill or die ersion of
radioactive materials, take appropr'<te precautions

O. to confine the material; i.e. contree access to the
area, turn off the ventilation system, prevent the
spread of liquids and limit the movement of involved
and possibly contaminated individuals.

5. Contact Radiation Safety.

C. Detailed Procedures

1. Minor Spills - NO radiation hazard to personnel
a. Notify all other persons in soom and area at

once.
b. Monitor all individuals involved in incident for

contamination.
c. If contamination is found, have individuals

change clothing and wash as necessary, then
remonitor.

d. Limit access to the area of the spill to those
persons needed for clean-up,

e. Confine the spill (wear protective gloves).
i. Liquid spill - drop absorbent paper on the

spill
11. Dry spill - dampen the spill but do not

spread. Dampen with water, or oil if a
reaction (generating air contamination)

O
May 1984 -1- Section XVIII
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SafCty Dept 262-8769/0667 Emergency Proc;durcs

would occur with water.
iii. Notify the health physicist if you need

assistance.
iv. Decentaminate. Make a plan first!
v. Permit no entrance into the area until it

is checked by the health physicist or
decontamination is achieved.

c vi. If quantities of radioactivity in excess of
those specified in Appendix V are involved,
prepare a history of the spill and.

subsequent remedial or protection measures
taken. Send the report to the health
physicist. The authorised user and each
individual involved must sign the report. |

2. Major spills - involving radiation hazards _to
personnel '
a. Have all persons not involved in spill leave

area at once. Restrict movement of displaced
persons as necessary to prevent possible spread
of contamination,

'

b. If spill is liquid and the container is intact,
return it to the upright position using gloves ,

or a lever. .

c. If spill is on skin, flush thoroughly. :

d. If spill is on clothing, remove contaminated
clothing. 1

e. Switch off all fans and ventilators which might
'

transport vapors or dust to other rooms,
f. Vacate and seal the room. Keep all personnel

'

out.
g. Immediately notify radiation safety at *

262-8769/8667 or call P & S at 262-2957. ,

h. Take immediate steps to decontaminate affected ,

personnel.
i. After the arrival of the health physicist, -

decont&minate the area.
j. Monitor persons involved in spill and cleanup.
k. Suspend work in area until the health physicist ,#

completes' monitoring and gives approval.
1. Prepare history of the spill and cleanup and

forward to Radiation Safety within 72 hours.
The authorized user and each individual
involved must sign the report. *

3. Accidents Involving Radioactive Dusts, Fumes and
Gases
a. Have all persons leave area at once. Restrict

movement of displaced persons as necessary to -

prevent possible spread of contamination. ;

O
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() b. If possible, close air vents and seal off area,
c. Notify Radiation Safety (262-8769 or 262-0667)

or Protection and Security (262-2957) or use
the phone list in Appendix H.

d. Close and lock doors and/or: post guards to
prevent entry into area,

e. Monitor all persons suspected of contamination.
Proceed with decontamination of ?ersonnel.

f. Report all known or suspected inhalations of
radioactive material to health physics
personnel.

With the aid of health physics personaeli
g. Evaluate hazard and necessary safety devices

for reentry.
h. Determine cause of contamination and rectify

the condition.
1. Decontaminate.
j. Perform air survey. Do not allow work in area

to be resumed until approval of the health
physicist is obtained.

k. Prepare a history of accident and subsequent
action and submit to Radiation Safety.

.. 4. Injuries to Personnel Involving a Radiation Hazard
a. If contamination is a possibility, wash minor

wounds immediately.
b. Notify University Hospital Emergency Service to

obtain medical assistance,
c. Report incident to Radiation, Safety as soon as

possible,
d. Prepare a history of the incident and forward

to Radiation Safety.

5. Fire or Other Major Emergency
a. Notify all other persons in room and building

at once,
b. Notify Police and Security (262-2957). Inform

them if a radiation hazard exists with the
fire. They will notify the Fire Department and
Radiation Safety,

c. Attempt to put out the fire if radiation hazard
is not immediately present.

d. Following the emergency, monitor the area and
decontaminate if necessary.

e. Monitor all personnel involved in the
emergency.

f. Do not resume work in the area until approval
of the health physicist is obtained,

g. If a radiation hazard was involved, prepare a

O
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history of the incident and forward to'

Radiation Safety.

6. Known or Suspected overexposure of Personnel
a., Eliminate cause of suspected overexposure or

keep people away from area where a high
radiation level exists,

b. Send overexposed personnel to University
Hospital Emergency Service (hospital telephone
operators have a Radiation Emergency
Notification list).
Notify the health physicist or Universityc.
Radiation Safety Committee Chairman or, if
these people are not available, any member of
the URSC (see Appendix A-1).

d. collect dosimeters, TLD badges, etc., for
immediate reading and estimation of the dose.
If not available, get sufficient information to
calculate exposure,

e. With the assistance of the health physicist or
URSC Chairman, determine whether reporting to
the RRC is required. If a report is necessary,
you will be given assistance in making it.

f. A written report of all overexposures shall be
sent to the health physicist describing the
cause of such overexposure, whether or not
reporting to the NRC is required.

D. . Written Histories and Reports

1. The following is a guide to preparing histories or
reports as required above:
a. What happened (i.e. type of accident, cause,

how discovered, etc.),
b. When (time and date),
c. Where (building, ficar, area, etc.) .
d. Who was involved (nvees and responsible staff

xembers).
e. Who was exposed to radiation or physicelly

injured (name and extent of exposure .u
injury).

f. Damage to facilities (University and
non-University),

g. Is radioactive contamination a problem?
h. Corrective action taken.

2. Reports are to be sent to Radiation Safety. These
reports will be reviewed by the University and/or
Medical Center Radiation Safety Committee.

O
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XIXo CISPOSAL OF RADIOACTIVE MATERIAL

Radioactivity is removed from a user's inventory when
reported for disposal or transfer on a waste disposni form.
There are 7 methods for " disposal" - decay, release to the
sanitary sewer (aqueous liquids), exhaust to the atmoephere
(volatilization in a hood), administration to patients
(medical users only), disposal to the health physics staff
(Safety Department pickup service), transfer to another
authorized user (on-campus), and transfer to another

L licensee (off-campus).

NOTE: Authorized users may not burn
radioactive waste in any UW incinerator.

A. Cardinal Rules for Radioactive Waste Disposal

Low level radioactive waste disposal is expensive and ,

existing disposal space limited. The following
requirements help maximize disposal options and minimize
costs. Follow these rules when collecting and preparing
wastes for disposal.

1. Minimize radioactive waste volumes - keep
non-radioactive wastes separate from radioactive
wastes, pack waste efficiently and, whenever

.

possible, clean / recycle reusable "wastec" (e.g.

O- glassware).
2. Keep waste types separate - solids, aqueous liquids,

organic solvents, LSC wastes and animals.
3. Except for H-3.and C-14, khich way be mixed, keep

radionuclides separate whenever possible.
4. Package concentrated " hot" wastes in small

containers separate from relatively dilute,
voluminous " cold" wastes.

5. To the extent possible, don't mix radioactivity with
other hazardous materials (hazardous wastes,
infectious agents, biohazards, pyrophorics, etc.).

B. Disporal to the Health Physics _ Staff

Safety provi'x.s five gallon carboys for aqueous and
organic H-3, C-14 and S-35 wastes. Labelled boxes for
all solid wastes will be available through Safety on a
trial basis. All other waste containers must be
provided by users.

Prepare and package the waste according to the waste
type in steps 1-4. Follow steps 5-8 for final
preparation of all wastes for pickup. Wastes will NOT
be picked up, or will be returned, if improperly
prepared. Authorized users must correct waste disposal
inadequacies before additional pickups will be made.O

January 1987 -1- Section XIX - Rev. 2
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S3f0ty'D:pt 262-8769/0667 Waste Dicpocal

1. SOLIDS ,

Place solid wastes in a plastic bag, seal and put in
a labelled radioactive waste box. Plastic bags and
boxes are currently provided by Safety and must be
used for ALL solid wastes; alternates may be used if
approved. There is a 20 lb limit for each box.

~~

SIZE | DIMENSIONS | VOLUME | USE-

l W L H l_fft3) I
Small | 6"* 6"* 4" | 0.1 | Concentrated solids ,

I | lor liquids < 50 ml
'

Mediuml. 12" * 15" * 15" | 1.5 (Contaminated solids
Laroe 1 24* * 15" * 15" | 3.0 lcontaminated solids

'

a. Use strong packaging tape to' secure the bottom
'of these. boxes.

b. Package and seal sharps (syringes, blader, etc.)
inside an impenetrable container before adding i

to the other waste. ;

c. Package small volume, coisentrated wastes (e.g.
'

stocks, hot products or wastes, sealed sources, ;

etc.) into small boxes separate from large'

volumes of dilute, contaminated wastes.
d. Do NOT put lead pigs in solid waste. boxes unless

needed to shield very hot, concentrated wastes
in small boxes ONLY. Monitor and dispose of
uncontaminated lead in a separate box. 4

'

e. Also follow steps 5-8 beginning on page 4.

2 ,. 'LIOUIDS
Keep aqueous and organic solvent wastes separate and
collect in plastic or shatter-proof glass 3

containers, at least 500 ml but not more than 4
liters; use an appropriate size for the actual waste

ivolume. Five gallon carboys may be used for large
volumes of dilute H-3, C-14 or S-35 liquids (see
activity limits below); carboys are delivered during
waste pickups when requested.

CARBOY l WASTE | ACTIVITY LIMITS (mci)
SHAPE l TYPE l H-3 c-14 6-35*
Round | Organic | 2 2 2

Souare 1 Acueous I - - 20 - - 2 |

*Do NOT mix'S-35 with H-3 or C-14
,

NOTE: Very concentrated wastes (e.g.
stocks), not exceeding 50 m1, should
NOT be diluted and need not be
neutralized. Tightly seal vials and
package separately in the SMALL
radioactive waste box.

-
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S2foty Dapt 262-8769/0667 Waste Disposal

a. Neutralize aqueous liquids; 5.5 i pH & 8.5.

O- b. Do ant put solids-in liquid waste containers.
c. Do ant fill containers to the top; allow room

for thermal expansion.
d. Seal containers securely (do not use parafilm,

foil, etc.).
e. Complete and attach a waste identification tag

to EACH container > 50ml.
f. Cushion and place containers into boxes (any

strong box will do), not more than 4
bottles / box. Safety's 5 gallon carboys need not
be boxed.

g. Also follow steps 5-8 beginning on page 4.

3. LSC WASTES
Sewer disposable LSC solutions may be poured
directly to the sewer (see DJsposal to the Sanitary
Sewer, page 5). For pickup by Safety, sewer
disposable LSC solutions may either be poured into
aqueous liquid containers (see above) or kept in
their vials and repackaged in cases. Organic
hydrocarbon cocktails (e.g. toluene, xylene,
pseudocumene) must be kept in their original
counting vials for Safety pickup. When disposing of
LSC wastes in vials follow these procedures.

O- NOTE: Total activity per case is
typically in the range of 8.1-188 uCi
(222,888 - 222,888,888 dpm) or less.

a. Keep organic hydrocarbon cocktails separate from
sewer disposable cocktails.

b. Keep vials separate by rize and type (e.g.
plastic, glass).

c. Place viale-upright in trays and package in full
cases only (20 ml vials - 500/ case, mini-vials --
about 1700/ case).

d. On each case marx the LSC brand name and any
biological or chemical hazard that might make
sewer disposal inappropriate.

e. There is a $6/ case disposal charge for sewer
disposable cocktails. The dispossi charge for
organic cocktails will be at the commercial rate
(currently about $30-S50/ case).

f. Also follow steps 5-8 beginning on page 4.

4. ANIMALS
All animals injected with or administered
radioactive materials must be disposed through
Safety when sacrificed or expired. Double bag and
box all animal tissue and contaminated bedding / waste
(Stores stocks these supplies).

January 1987 -3- Section XIX - Rev. 2
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!

b ITEM | STORES #| SIZE h
I

| Box | 4357 | 23.5"L.* 17.5"W * 10.8"H
Bag | 4403 | 45 gallon (23" * 17" * 48") j'

F Bag 1 4404 | 25 gallon (16" * 14" * 36") i

a. Activity limits: 1 15 mci H-3 and/or C-14 .

(per package) 1 0.2 mci Pb-210 ;

1 2 mci any other nuclide
'

b. Carcasses must be boxed and frozen.
c. Weight limit is 50 lbs/ package (larger animals ,

must be sectioned). |
d. Blood, urine and feces should be diluted and '

disposed to the sewer system, (see Disposal to
the Sanitary Sewer, page 5). ,

e. Also follow steps 5-8 below. .

Call the Safety Department in advance to discuss any i

exceptions for animal disposals.

5. Complete the waste label for each solid waste
container. Complete a waste tag for each liquid i

container, case of LSC vials and animal container; '

!

tie or tape the tag securely to the container.

NOTE: Always report activity as a J
inumber with units. Do NOT use

" trace" or "less than X". Note i

other hazardous chemicals including I

biohazards and toxic materials. STATE
PRECAUTIONS. _j

a. Measure or estimate the waste activity. The i

higher the activity, the more precise the -

estimate must be. ,

b. Waste activities should be measured whenever 1

possible. Sabsample, count, correct for
efficiency (cpm to dpm), and convert from (

'

specific activity (uci/ml or uCi/g) to total
activity (SA * volume). ;

c. Correct waste activities for decay when,

'

significant (i.e. 20% or more of the original ;
'

E' '
activity); report-decay in the lower right
corner of the disposal form. Decay graphs for .

?P-32, S-35, Cr-51 and I-125 are in Appendix I.

6. Seal all containers. ALL wastes, except 5 gallon
carboys and animal carcasses with exceptions, mutt
be packaged in boxes,

s

'7 . Complete the radioactive waste disposal form - use
!the blue form for animal tissue and the orange form

for all other wastes (see Appendix J).
,

January 1987 -4- Section XIX - Rev. 2
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i

(~ a. One. form may be used for all wastes.
\ ,}j

;

b. Attach Safety's copies to a waste container and i

keep the original for your; . records. .

c. Call the Safety Department for additional ;

disposal forms. ;

d. Maintain all receipt and disposal records for at
least 2 years after final disposal. ,

8. Call the Safety Department to schedule the waste i
'

pickup.
a. Lock all wastes in the cabinet or freezer on the i

morning of pickup.
b. The exposure rate must be 1 2 mrem /hr on contact

with cabinet or freezer. Wastes that exceed
this level must be kept in your lab, then take
the waste to the pickup area when called. ,

NOTE: Radioactive waste pickups are:
Animals-Wednesday and Friday mornings '

beginning at 8:30 AM
Other-Monday and Wednesday afternoons t

beginning at 12:30 PM

C. Dinposal to the Sanitary Sewer

I\ Authorized users may dispose of up to 2 mci / year to the
'' l sewer for ALL radionuclides combined. This limit may be

increased if necessary or practical; authorized users ,

must apply for any exceptions. In addition, radioactive
liquids must satisfy the following criteria for disposal

| to the sanitary sewers |

1. Concentrations must be at or below the specified
limits PRIOR TO discharge to the sewer. Keep
records of concentrations and activities disposed.

,

NUCLIDE CONCENTRATION LIMIT
(dpm/ml) (uCi/ liter)

H-3 222,000 100
C-14 44,400 20
P-32 1,110 0.5

i S-35 4,440 2
; Ca-45 666 0.3
: Cr-51 111,000 50
| I-125 88 0.04
| Others See Appendix U, p.20-15 through 20-26
|

(10CFR20 Appendix B, Table I, Column 2)

2. Neutral: 5.5 I pH & 8.5
3. Aqueous and readily soluble or dispersible in water.

)
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i

4. Other chemical and biological waste constituents :

must be safe for sewer disposal (check the Disposal '

Guide for chemical restrictions). j

Always use the lab's designated " hot" sink and run 6

additional water during and after release to flush the
drain and pipes. Report releases to the sewer in the
lower right corner of the disposal form. {

D. Exhauntina Radioactive Material to the Atmonnhere
,

Call a health physicist in advance if any procedure may
result in a radioactivity release to the atmosphere. .

'
Releases to the atmosphere require evaluation of
radionuclide air concentrations and special approval of
a designated hood. Air monitors are installed in
approved hoods for volatile iodine releases (see Section
XIII, Part B). Report releases to the atmosphere in the
lower right corner of the disposal form. i

'

E. Transfers

Transfers to other authorized users (on-campus) or to '

other licensees (off-campus) will result in removal of
radioactivity from a user's inventory. See Section XV !

for.more information.

.

Call Radiation Safety for additional radioactive waste
disposal information. Disposal information for chemical and
hazardous wastes is given in the ninposal cuide for
UW-Madison. Copies 'cr available from t'ne Safety ,

Department.

?

I

L ..

|
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II. BEALTB PEYSICS INSPECTIONS AND ENFormunuT OF UNIVERSITY !

.(.-) RADIATION SAFETY CONKITTER REGULATIONS
'

\,/ ;
r

A. Inspections

Members of the health physics staff will inspect all >

radionuclide facilities at least once a year. In ;

addition, !

1. Facilities containing large quantities of
radioactive materials will be surveyed more ,

frequently.
2. Where violations are found, follow-up surveys will .

be conducted. !
>

NOTE: Inspections are r g ired to assure
compliance with URSC policies, and state -

and federal regulations.
.

B. Enforcement of University Radiation Safety Committee
Regulations

1. Radiation Safety will inspect (facilities, surveys, |

inventories, etc.) for compliance. See Appendix P
for types of things inspected for. ,

| 2. Response to violations is in accordance with the
sequence of events on the following page.,

*

>
,

o

:

P

'

i

.

i' '

'
,

.

.

|~

;
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S2fcty Dept 262-8769/9667 Inspections cnd EnforcOO:nt |
~,

i

||iTECHNICIAN OR' USER NOTIFIED
-HEALTH PHYSICIST > OF THE SURVEY no violation >END !

'
INSPECTION RESULTS

(APPENDIX P) ,

.

i

violation i

.-s

t

'
_

v
'TECHNICIAN OR

HEALTH PHYSICIST corrected >END
FOLLOW-UP :

- not corrected

.

\/

HEALTH PHYSICIST SUPERVISOR
WILL SEND LETTER TO USER -

AND
NOTIFY URSC REPRESENTATIVE |

.

\/

HEALTH PRYSICIST ;

FOLLOW-UP corrected >END
INSPECTION |

.

not corrected
i

,

\/

! HEALTH PHYSICIST SUPERVISOR
WILL SEND LETTER TO URSC

AND SUSPEND USER
PENDING URSC ACTION *

S/

URSC DECISION >END
_

* Progression to this step may occur at any stage of the above
sequence of events.

9
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SOME BASIC DEFINITIONS AND UNITS

Machines capable of accelerating electrons,ACCELERATORS -

protons, deuterons, or other charged particles to produce
particulate or other radiation at various energies.

Acronym for the radiation protection philosophy thatALARA -

radiation exposures and effluents to the environment should
be maintained "As Low As Reasonably Achievable". The NRC
requires that ALARA be considered in the design of all
experiments where radioactive material is used.

Electrically charged particien emittedALPHA (O() PARTICLES -

from a nucleus. An alpha particle is composed of two
neutrons and two protons, and is identical with the nucleus
of a helium atom.

A written request to change condition (s) (e.g.AMENDMENT -

nuclides, activity limits, labs, etc.) to an authorized
user's radionuclide authorization.

An individual member of the teaching orAUTHORIZED USER -

use or supervise the,by thehas been approvedresearch faculty or staff who
use ofRadiation Safety Committee to

radioactive material under conditions specified in an

f' .
application for authorization. All activities involving

,

radioactive material must be conducted under the!

authorization of an authorized user.'

BETA ($) PARTICLES - Electrically charged particles emitted from
a nucleus. Beta particles have the same mass and charge as
electrons. Positively charged beta particles are called

,

! positrons and emit 0.511 MeV photons when they combine with
L an electron and annihilate.

Monitoring and biological sampling to determine theBIOASSAY -

quantity or concentration of a radionuclide in an i

!individual's body.
i

BREMSSTRAHLUNG - Electromagnetic radiation in the form of x-rays
produced by the sudden deceleration of electrons passing
through the intense electric field near an atomic nucleus.

A large glass or plastic bottle, often used to holdCARBOY -

| corrosive liquids and liquid radioactive waste.
,

,

1

TheCENTRAL ORDERING, RECEIVING AND DISTRIBUTION (CORD) -

University's major source of radionuclides. CORD personnel
perform all the ordering, receiving and distribution of
radionuclides on campus.

May 1984 -1- Definitions
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Safety D:pt 262-8769/8667 D3finitiono cnd Units

CONTAMINATION - The presence of radioactive material where it is h'
not supposed to be. A surface is contaminated when levels
in excess of ten times background can be detected.

.

i

A physical unit of radioactivity equal to 3.7*E18CURIE (Ci) -

disintegrations per second (dps) or 2.22*E12 disintegrations
per minute (dpm).

'

The spontaneous transformation of one nuclide into aDECAY -

different nuclide or into a different energy state of the
same nuclide. The process results in a decrease, with time,
of the origfnal radioactive atoms in a sample.

A measure of the external and/or internal radiationDOSIMETRY -

dose equivalent to individuals, stated in rem or mrem (8.801
rem).

An exemption from any specific University RadiationEXCEPTION -

Safety Committee regulation. Exception requests which
violate NRC regulations or conditions of the University's
NRC license or URSC policy cannot be approved. ,

i
*

EXEMPT QUANTITY - Radioactive product or byproduct material with
| activity less than or equal to the quantity listed in

10CFR38.71, Schedule B. Exempt quantities are exempt from -

specific requirements of the NRC (see Sections III.D, V.A

| and VII in the University Radiation Safety Regulations).

A summary report of radiation exposure of aEXPOSURE HISTORY ,-

radiation worker for the term of employment, in terms of the
dose equivalent received.

FOOD AND. DRUG ADMINISTRATION (FDA) - Federal agency established
, to enforce the Food, Drug, and Sosmetic Act (FD&C Act) and
|- to ensure industry's compliance with Federal laws regulating '

products in commerce.

GAMMA (V) RAYS - Electromagnetic radiation of short wavelength
emitted from the nucleus of an atom. They are
indistir.guishable f rom X-rays of equal energies.

A portable gas-filled radiationGEIGER-MUELLER (GM) COUNTER -

detection instrument especially adapted for surveying or
inspecting an area to establish the existence and estimate
the amount of radioactive material present.

.
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.

k_sl RALF-LIFE Most commonly used is physical half-life, which-

refers to' the time period that a radioactive substance
decays to 58% of its starting activity. The formula to find
the activity (A) of a radionuclide with a half-life T at any
time (t) after the original activity (Ao) was determined is
given by: A = Ao * exp(-in2 * t / T)

An authorized user's detailed records of receipt,INVENTORY -

use and disposal of radionuclides.

Any radiation displacing electrons fromIONIZING RADIATION -

atoms or molecules, thereby producing ions (ultraviolet
light is conventionally excluded).

Nuclides with the same atomic number (i.e. the sameISOTOPES -

nunber of protons) but different atomic weights (i.e.
different number of neutrons). Tritium is an isotope of
hydrogen.

A quantity of radionuclide in activity lessLIMITED QUANTITY -

i than or equal to those listed in 49CPR173.423, that is
exempt from all Department Of Transportation (DOT) .

'

specification packaging, marking and labeling requirements.

A radiation detection7-~ LIQUID SCINTILLATION' COUNTER (LSC) -

| t instrument specially adapted to detect the presence of
,

t

radionuclides which emit beta particles.'
1

The maximumMAXIMUM PERMISSIBLE CONCENTRATION (MPC) -

concentration of a radionuclide in air or water which at no
time from the onset of constant daily intake, provides-a
dose equivalent rate to any organ in excess of the maximum
permissible dose to that organ,

i MAXIMUM PERMISSIBLE BODY BURDEN (MPBB) - The maximum permissible
continuous concentration of a radionuclide in a person's
body .

MAXIMUM PERMISSIBLE DOSE (MPD) - The maximum dose (equivalent)
that tha body of a person or specific parts thereof shall be
permitted to receive in a stated period of time.

| An urcharged elementary particle found in the nucleus| NEUTRON -

L
of every atom heavier than Hydrogen (H-1).

| NUCLEAR REGULATORY COMMISSION (NRC) - Federal agency established
by the Atomic Energy Act of 1954 and the Energy
Reorganization Act of 1974 to regulate the use of
radioactive material through its Licensing, Inspection and
Enforcement, and Standards Development activities.

(O
b)
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|

PLATED SOURCE - Radioactive material permanently deposited on a
surface or matrix such that there is no window or other
covering between the radioactive material and the open air. !

Plated sources may contaminate surfaces upon contact, i

Linear-Energy-Transfer (LET) dependent ;QUALITY FACTOR (QF) -

factor by which absorbed doses are multiplied to obtain the ;

dose equivalent, a quantity that expresses, on a common ;

scale for all ionizing radiations, the biological '

effectiveness of the absorbed dose. ;

The rad is a measure of the absorbed dose from any !RAD -

ionizing radiation in body tissues-in terms of the energy
,

absorbed per unit mass of the tissue. One rad is the dose '

corresponding to the absorption of 100 ergs per gram of
tissue and also~ equals 8.81 Gy (Gray) or 8.81 J/kg.

Any area, accessible to personnel, in whichRADIATION AREA -

there exists radiation, originating in whole or in part
.'

within licensed material, at such levels that a major
portion of the body could receive in any one hour a dose in
excess of 5 mrem, or in any 5 consecutive days a dose in
excess of 189 mrem.

Any condition under which persons might [RADIATION BAZARD -

receive a radiation dose in excess of the maximum
permissible dose equivalent.

Any unstable material which spontaneously emitsRADIOACTIVE -

| ionizing radiation. .

REM -A unit for measuring the dose equivalent to body tissue ,

from any ionizing radiation in terms of its estimated
biological effect relative to a dose of one rad of x-rays.
Dose equivalent (rem) = Dose (rad) * Quality Factor
1 SV (Sievert) = ISO rem

t

^

An application for radionuclide authorizationRENEWAL -

submitted to renew an authorized user's license. This must
| be done in advance of the expiration date of a current

license. (See Section II.B in the University Radiation
Safety Regulations.)

RESTRICTED AREA - Any area access to which is controlled by the
L licensee for purposes of protection of individuals from

exposure to radiation and radioactive materials.
" Restricted area" shall not include any area used as '

residential quarters, although a separate room or rooms in a
residential building may be set apart as a restricted area.i

1
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U
ROENTGEN (R) - A unit of exposure to x- or gamma radiation. One

roentgen is equivalent to the production of one
electrostatic unit of charge of either sign from
interactions in 0.991233 gram of air (1 ml of air under
standard conditions). 1 R = 2.58*E-4 Coulomb per kilogram
(C/kg) of air.

Radioactive material permanently enclosed in aSEALED SOURCE -

capsule designed to prevent leakage or escape of the
radioactive material; there is no contact between the
radioactive material and the open air.

SOLVENT - Any substance that dissolves other substances.

An evaluation of the radiation hazards incident to theSURVEY -

production, use, release, disposal or presence of sources of
radiation under a specific set of conditions. Such
evaluations include a physical survey of the location of
materials and equipment, and measurements of levels of
radiation or concentrations of radioactive material s
present.

The period between the expiration date of aTIMELY RENEWAL -

current authorization and the approval date of a renewal~s

.[d' authorization during which time an authorized user may|
' continue to use radioactivo materials (under conditions inI

L the most current authorization). The renewal application

| must be submitted by the expiration date of the current
authorization.

A method of determiningTHERMOLUMINESCENT DOSIMETRY (TLD) -

radiation dose by using radiation sensitive " crystals *
which, when heated, emit a quantity of light that is a
function of the amount of radiation the crystals were
exposed to.

Any area access to which is not controlledUNRESTRICTED AREA -

by the licensee for purposes of protection of individuals
from exposure to radiation and radioactive materials. Also,
any area used for residential quarters.

Radioactive material in a form other thanUNSEALED SOURCE -

plated or sealed such that the material is accessible to
manipulation by the user. Unsealed sources are capable of
contaminating their surroundings.

A violation of any NRC or URSC regulation or of any| VIOLATION -

condition or limitation of an authorization granted by the
URSC. |

0
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9iA substance capable of evaporating in air as a dust, j,' VOIATILE -

fume, mist, vapor or gas. {

X-RAYS A form of electromagnetic radiation identical to gamma ;

raya except x-rays originate outside the nucleus of an atom. j

)

J
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?

!
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APPENDICIES
t

) A-1 URSC Members
,

A-2 MCRSC & FDA RDRC Members
!B Form 99 - Application for ?osstssion and Use of Radionuclides

C Form 99A - Animal Use of Radionuclides
.

D Form 99S - Amendment to Radionuclide Authorization
.

t

E Form 99T - Temporary Transfer of Authorizaticn
.

F-1 Acceptable Training and Experience for Medical Uses of
Byproduct Material

F-2 Form 98 - Application for " Human Use" of! Radionuclides

G UWNR 134 - Request and Authorization for Services of the
University of Wiscunsin Reactor

H Emergency Phone List

I Decay graphs for P-32, S-35, Cr-51 and I-125

J-l Radioactive Waste Disposal Form, - -,

~l J-2 Radioactive Animal Waste Disposal Form j

K Radiation Safety Examination

L NRC Form 3

M Application for Personnel Dosimeter

N Missing Badge Report

O Survey Map

P Inspection Form
'

Q Radioactive Material Disposition Form
|

R Radionuclide Shipments (Limited Quantities)
!

S Regulatory Guide 8.83 - Instruction Concerning Prenatal
Radiation Exposure

i

p T 10CFR19 - Notices, Instructions, and Reports to Workers;
Inspections

!( U 10CFR20 - Standards for Protection Against Radiation

V 10CFR30.71 Schedule B (Building Transfer Limits)
i

|
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APPENDIX A-1

UNIVERSITY OF WISCONSIN-MADISON
UNIVERSITY RADIATION SAFETY COMMITTEE MEMBERS

1986-87

is

Eame/Pocition Addrena Phone No.

F". H. Attix, Vice Chairman 1530 MSC 2-2171
Professor of Radiology 2-3527

C P. M. DeLuca Physical Science Lab 873-6651
Prof, of Radiology Stoughton wes==,

1530H MSC 2-2171

Sue Engelhardt (ex officio) Safety Department 2-8769
Health Physics Supervisor 317 N. Randall 2-0667L

M. N. Gould
Assoc. Prof. Hs-Med. Rad. Biol. K4/532 CSC 3-6615

P. A. Helmke 163A Soils Bldg. 3-4947
Prof, of-Soils

R. B. Inman 641A Biophysics and
Prof of Biochemistry-Biophysics Mol. Biology 2-9881

F. C. Larson, M.D. B4/251 CSC 3-7507
Prof. of Medicine

R. J. Nickles 1530A MSC 2-6355
Prof, of Radiology

R. R. Radtke (ex officio) 317 N. Randall 2-8769-
Director of Safety 2-0667

E. E. Seavey K4/ll4 CSC 3-6465
Assoc. Director of Animal Care

Bruce Thomadsen K4/B49 CSC 3-8500
Assoc. Prof of Human Oncology

J. W. Tracy, Chairman 3158 Vet. Medicine 3-8212
Asst. Prof. of Vet. Medicine 3-8500

W. P. Vogelsang 143 Mechanical Engr. 2-3374
' Prof. of Engr. & Nuclear Engr.

O
,
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APPENDIX A-2

O- UNIVERSITY OF WISCONSIN-MADISON
MEDICAL CENTER RADIATION SAFETY COMMITTEE

1986-87

Name/ Position Address Phone No.

c Sue Engelhardt Safety Department 2-8769
Health Physics Supervisor 317 N. Randall 2-0667

Mike Garvin . C5/134 CSC 3-1512
Program Coordinator, Hsp. Admin.

Ronald Laessig 235A Hygiene Lab 2-1293
Director, State-Lab of Hygiene Stovall Bldg.

<

F. C. Larson, M.D., Chairman B4/251 CSC 3-7507
Prof. of Medicine & Pathology

R. J. Nickles 1530A MSC 2-6355
Prof. of Radiology

S. B. Perlman DM 239 VA Hospital 125-7014
Asst. Prof. of Nuclear Medicine

( E. D. Plotka Marshfield Medical 715-387-5241
(Marshfield Clinic) Foundation

510 N.-St. Joseph Ave.
Marshfield, WI 54449

Robert Radtke Safety Dept. 2-8769
Director of Safety 317 N. Randall 2-0667

.Ellis E. Seavey K4/114 CSC 3-6465
Assoc. Dir. Research Animal
Resources Center

Bruce Thomadsen K4/B49 CSC 3-8500
Assoc. Prof. of Human Oncology

G. John Weir 1000 N. Oak Ave.
Nuclear Medicine Marshfield, WI 54449
Marshfield Clinic

Al Wiley K4/Bil7 CSC 3-8500
Prof. of Human Oncology

R. D. Woodson, M.D. H4/548 CSC 3-4916
Assoc. Prof, of Medicine

O J. R. Cameron 1530 MSC 2-9513
Advisor to Committee

i

di_________________________._________________ _
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AppLIagIgg put ynnemRION Am USE OF RhDImmmR

O
URSC (031588) EXPIRATION IATE
Form 99 (Safety Dept. use only)

Complete all applicable items. Refer to the UPER*, or call the Safety
Department health physicist for assistance completing this application.

1. Name of applicant (s):
For joint authorizations, underline the name of the individual wie
will be the principal " authorized user" (for purposes of mailings,
ordering radioactive materials, etc.) . The information requested on
page 4 must be completed for each applicant.

Canpus address: Phone:

May we give your name to sales representatives requesting
- information about radioactive material users? YES m

:

2. Check one

|[] NEM APPLICATION - Applicant is not currently authorized to
possess radionuclides. Complete all items.

l[] AMENDME!E - Complete only those items which represent a changeO to your current authorization.

12] RENEMAL - Complete all items. Do not make reference to
previously subnitted information.

3. List all room 4(s) and building (s) where radioactive - - - - - - - -

- materials will be
used and/or stored:._,

- wastes will be stored
pending disposal:

4. How will security of radioactive materials be maintained when
authorized personnel are not present?

Materials will be stored in a locked cabinet, refrigerator or
freezer.
Room or building will be locked.
Other (specify)
Not applicable, total radioactivities will not exceed the
limits listed in the URSP, Appendix V (e.g. counting labs) .
List room #(s) and building (s)

URSR - University Radiation Safety Regulations (in yellow 3-ring binder)*

4

:
.
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:5.:.. List each radionuclide and~the chemical form (s) below. Generic
'

,

W- - . . . . .~ .

"

chemical descriptions _ (e.g. amino acids, sugars, etc.) may be used.. !9;'

y PHYSICAL ORDER :.N" ION
RADIONUCLIDE CHEMICAL FORM (S) FORM * LIMIT ** LIMIT *** is

i Mn w i) t
.

>

ig

'l$-

4

. . .

i

1.

|::, ,
.

'
. ,

| * Physical' Form - solid (S), liquid (L), gas (G) or sealed source (SS) R

| ** Order Lhnit - the mav4== activity needed per unit (vial, kit, etc.) t

E '*** Possession Limit - the mav4== activity on inventory at any time
'

6.- Cneck each intended' source for obtaining radionuclides:

|2|c CDRD - radionuclide ordering service (see URSR, Section III)
'

.

j' -|__| ~UN Cyclotron-- L._I VA Bospital Radiopharmacy
J'

. L._ | UW Reactor |2| Other'(specify)
.

7 ~. Will radioactive materials be administered to or used on htunans?
FD YES . complete and' submit. form 98 '

._

8. Will radioactive materials be used in verte5rcte animals? ,

!FO YES - complete and submit fr 39A . ,,

'9. Will radioactive materials exceeding th( ilmits listed in the FRSR, ;

f Appendix V, be used in a class? 10 YES - course # '

|

E 10. . Briefly describe your intended use for each radionuclide (e.g. for'

L' synthesis, uptake, RIA, etc.) and the media or organisms involved. |

|| Iodination protocols are required; add sheets as necessary. ,

s

\'

O
t

g9,'
<'a. . ._. . _ . , __ . . _ . . .-.. , _

'
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11. Personnel'who work'in or frequent your radionuclide facilities must )
'N: read the. handbook Radiation Safety for rahnratory Technicians and |

) pass the associated exam (whether they use radioactivity or not).
What additional training or instructions will you provide to users?

1

.1

1

I

12. What precautions will be taken to minimize exposures to personnel"

from radioactivity during use, or while in storage, under your
authori::ation? Radioactivity will be used and/or stored

behind shielding material (describe)

in a sepcrate room or area not frequented by personnel
by personnel wearing appropriate protective attire (e.g. lab e

coat, disposable gloves, safety glasses, etc.)
Other (specify)

13. At what frequency will your radionuclide facilities be surveyed?
,

!
,

Monthly in rooms where ). 200 uCi is in use at any'given time 3
(opening a vial, wasts container, etc. constitutes use); p.r.
semiannually in rooms where lesser activities are used or if

.. radionuclides are in storage only.
L N. Other (specify)
LN_./- .

L 14. Which of the following will be used to perform surveys for remove-
able contamination?

. ipe tests and liquid scintillation counter.W
Wipe tests and ganm counter.
Other (specify) -

#

.

Not applicable, sealed sources only (leak tested by Safety) .

~ 15. What instruments will be used to measure radiation exposure rates?
1

*G1 survey meter, t.odel($ q
l' *0ther (specify) i

* Survey instruments will be calibrated at least annually by:
| _.._. Safety Dept. Other (specify) __

|" Not applicable, sealed sources or low energy beta use only.,

h
o- 16. What method (s) will be used to dispase of your radicactive wastes?
|
!! Consolidation (by nuclide and physical form) and proper

packaging, etc. for pickup and disposal by the Safety Dept.
|~ Dilution to acceptable concentration limits and disposal to

the sanitary sewer..
Release to the atnosphere in an approved fume hood.___

6} .
Decayi ___ ,

d[' Other (specify)'
-

' Waste generation not anticipated.
|

[

.O
2., - - - - - . . - _ _ _ . . . _ - _ _ . _ _ _ . _ _ - - - -- . ~ - ~ *
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L APPLICANT'S T1%IMING AND EXPERIENCE -' ;*

'l-
,

~

'

..
Couplete a separate sheet for each applicant (make copies if necessary). :

L ;

I: s

TOPICS WHERE TRAIFED DURATION & TYPE *
OF TPAINIm [

-i
,

j4 - Principles and practices-
of radiation protection.

|i i

, r
-

|. Biological effects of , ,

D radiation. <

|'- ;

;
,

I. Basic calculations for.
- radioactivity measurement

| and standardization.
|'.
.

Fi

Instrumentation and.?
monitoring techniques. .f

|' Other (describe).- +

i

1
'

* Type of training means on the. job (J) or formal, course (C) f
''

>r.

L EXPERIENCE - Use of radioactive materials, sources, instruments, etc. ;

|| ACTIVITIES DURATION OF
'

.%DIONUCLIDE USED (mC1') TYPE'OF USE EXPERIENCE
AVG. MAX.

.

N

..

s

| O
- i I,

*

w

'' '

,. - .- , . . , . , , , , ,,.. ,. ,
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Plamme read before sianing :

. p]('- tne use of radionuclides- as set forth by the Nuclear Regulatory
The applicant agrees to-' abide by all applicable regulations regarding

Conmission (NRC), the State of Wisconsin and the University Radiation
3

Safety Comittee (URSC). including, but not limited to, the following '

University Radiation Safety Regulations (URSR):

.1 All personnel who work with or in the vicinity of radioactive
materials under this authorization, including animal caretakers and
students, must be trained in accordance with the URSR, Section V.

2. All personnel must wear dosimeters as required by the URSR, Section |
VI.B. All personnel using tritium or radioiodine must have urine or '

thyroid monitoring when required by the URSR, Section'XIII.B or
,

XIII.C, as applicable. i
.

s

3. Any procedure which may result in the production of airborne
radioactivity (e.g. as a. gas, aerosol, or airborne dust) in
activities' greater than'10% of the limits given in Appendix V of the
URSR, must be carried out under a fume hood or other facilitiy,

I approved by the health physicist. Radioiodine effluents from loods
must be monitored as specified in the URSR, Section XIII.B.

1

4. All rooms containing radionuclides must be surveyed in accordance
with~ the URSR, _ Sections IX through XII. All areas must be posted
and containers labelled in accordance with the URSR, Section XVII. '

/"N -t

I; V 5. Records of radionuclide receipt, use and disposal must be kept as
E specified in the URSR, Section XIV. -Radioactive wastes must be.

.

disposed-in accordance with the URSR, Section XIX. i

|

[,
o

| I
p

Applicant's .

Signature: Date:

/ :
University Job Classification: i

,
--

' Department:
|
|

|!
'

s

I

RETURN CCMu1ETED APPLICATION AND ATI'ACEMDTIS 'IO: Health Physicist
7s, Safety Department,

( ) 317 N. Randall Ave.
'

o v

'

l
'

O. . . . -

_
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This application has_ been reviewed and is reconnended for URSC approval-.-* for the specified duration, subject to the conditions given below:
-

| Duration of authorization: 121Toexpirewithcurrentauthorization
-

|__| 3 Years
-

L'' l.._I other
i:

g --

Health Physicist: Dates

C Comnents:

;

'|
~

1

t

-|
i
i

k.

;___ -________ __ -__ .___ --

URSC approval is granted in accordance with the information contained in i

this-application, with attachments, and any conditions given below: .|
1

URSC Member: Date:-

Comments:
i

|

!
!

I

!

URSC Chairman: Date: ,

(Approval required for new applicants and non-routine requests only) j
1

Comments:
-)

|
,

O
t

, ..

ja
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Appandix " ,
,

#
f(URSC 100286)

My - LForm 99a
1 ); Animal Use of Radionuclides

~

-%

1. Complete the table below for 'each radionuclide-animal experiment you
anticipate:

Time Interval'
Maximum Number of Between Radionuclide
Activity / Animals / Administration and

,

Radionuclide Animal Animal Experiment Sacrifice !
P - 33., ' tvalwns in n a n. .5 14 G '

Z'- 125 % ahrar irws t E a EL 12 4R &

;
,

'2. Where will the animals be housed for the duration of the experiment (s)?
In authorized user's laboratory; room

V In animal care facility; lla - room
| Other (describe)
i-
L 3. Who will provide' care for the animals? (All personnel must have passed

the Radiation Safety Exam.)
. Laboratory personnel

h's/ -
V- Animal care personnel

Other (specify)
1. .

.

4. How will radioactive animal carcasses and waste be stored pending
Safety Department pickup?

Stored in lab freezer
*

r Stored in building freezer
Other (specify)

l
!

! 5. Specify survey methods and frequency, including cage surveys:
|, .Suron o is u>ill be dom ' m rt. ecmsleklan s.t o n& em Amt.nk;
|' 6. RARC pro' ject nunber N 86 j V- 95 *

Ou . TA.). b a d A lAr.) $'n & /49L
Applic%nt Signature # Date # s

L llealth Physicist Date

Comments:
-i

URSC Member Date
!

-p- Chairman, URSC Date
o

Y

Animal Care Date

,

t

-r. .----
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; , Appendex'D~

AMEtDENr 'IO RADIOfGCLIDR AD1RRIIATIQt
(USE PTR CIRNGES IN RADIODrm IABGWKRIES) ;

,, ;
;
L-

URSC (031588) EXPIPATION DATE
Form 99S (Safety Dept. use only)

Name of applicant (s):
' f

Campus address: Phone:

:

- BOOM AIEITIONS :
Hoom 9(s) and building (s) to be added

How will security of radioactive materials be maintained when authorf. zed
| personnel are not present?.
p Materials will be stored in a locked cabinet, refrigerator or.

-freezer.
Room or building will be locked._ _ _ _ ,

L -Other (specify):
L< Not applicable, total radioactivities will not excwd the

'

. limits listed in the URSR*, Appendix V (e.g. counting lea) .

| - BOOM nRrFPIONS :
..

.. m om f.1) and halm g(s) to be deletedn

'

Do other authorized individuals ,se radioactivity in the room (s)?
NO - Remove all radioactivity, do a final survey (see the
URSR*,Section IX.C) and remov2 all radioactive material signs.
ENCIDSE A COPY OF THE FINAL SURVEY (S) WITH THIS AMENDMENT.

, YES -. Room 4(s)
L Renove all of your radioactivity. Fina).surveysarenot
L necessary for these rooms.

. .

D Deleted room (s) will be permanently removed from your authorization.
|-

| '

- DOOf DEACFIVATIONS :
mom f(s) and building (s) to be deactivated

To " deactivate" a room, i.e. terminate radioactive material use and/or
L storage in the room for an extended' period of time:
' Remove all radioactivity from the room (s).

Survey and decontaminate, if necessary. Keep survey (s).
[ Cover or remove the " radioactive material" signs.

Deactivated rooms will remain on your authorization. Surveys are not
,

L required while deactivated. Notify a health physicist before resuming
radioactive material use or storage in deactivated rooms.

:

L * University Radiation Safety Regulations

i PLEASE ST E/M ' TE AND SEND 'IO: Health Physicist >

V- Safety Department
1 -317 N. Randall Ave.

y
Ii
.

i -- , a w
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91.=== r==A before nionino :

The applicant agrees to abide by all applicable regulations regarding
the 'use of radionuclides as set forth by the NRC, the State of Wisconsin-
and the University Radiation Safety comittee (URSC) . These regulations
include, but are not limited to, the following:

1. -All ' personnel who work . with or in 'the vicinity of radioactive
materials under this authorization, including animal caretakers and
students, must be trained in accordance with the URSR, Section V.

2. ,All. personnel must wear dosimeters as required by the URSR, Section
~ VI . B. - All personnel using tritium or radiciodine nust have urine or
. thyroid monitoring when required by the . URSR, Section XIII.B or
XIII.C, as applicable.

3. Any : procedure -which may result in the production of airborne
radioactivity (e.g. as a gas, aerosol, or atirborne dust) in
activities greater than 10% of the limits given in Appendix v of the
URSR, must. be carried out under a fume hood or other facilitiy

~ approved by the health physicist. Radiciodine effluents from hoods
' - must be monitored as specified in the URSR, Section XIII.B.

4. -All rooms containing radionuclides must be surveyed in accordance
with the URSR, Sections IX through XII. 'All areas must be posted
anc containers labelled in accordance with the URSR, Section XVII.

5. Records: .of radionuclide receipt, use and disposal must be kept as
specified in the URSR, Section XIV. Radioactive wastes must be
disposed in accordance with the URSR, Section XIX.

Applicant's-
Signature: Date:

..... .... ...----- .... . ---..--

Survey (s) for room deletions done by: Date:

This anendment has been reviewed and approved subject to the conditions
given below.

Health Physicist: Date:

Coments:

---- ... . ...... ...- --_________

URSC approval is granted in accordance with the information contained in'
this application, with attachments, and any conditions given below.
URSC approval is required for room additions only.

URSC Menber: Date:
. .

Comments:

.
. .
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Appandix E

2 TEMPORART TRANSFER OF AUTRORIEATION

O
.URSC (050884) EEPIRATION DATE
Form 99T (For Safety Dept. use only)

THIS FORM MAY BE USED TO TEMPORARILY TRANSFER RESPONSIBILITY FOR
RADIATION SAFETY IN TOUR FACILITIES TO ANOTHER INDIVIDUAL (REQUIRED
FOR ANT ABSENCE IN EXCESS OF 30 DAYS). ASSUME APPROYAL UNLESS
OTHERWISE NOTIFIED.

Name of applicant (s): 8w4 6 doc /o c e
For joint authorisations plasse' underline t6e primary user's name
(for correspondence and mailinSe, etc.)

/a mp Re A H Phone: 2 - 17 t,9Campus address: /o/

Period of-Absence: (from) Ju. n em /484 (to) UTlo w u 1975-

Authorized user to whom authorisation is being temporarily transferred
(this individual should have experience
with similar nuclides and responsibility
for labs in the vicinity of yours): UAar/e5 A On * /eu

Csapus address: //o 8arn o Aarw'c// Phone:,,4 - % A+

h $aAu kl.- /0ders hr - h ark /$
Applicint's Signature ' Substitute User's Signature

-This request has been reviewed and approved for consideration by the
URSC subject to the conditions listed below:

Bealth Physicist: Date:

The URSC approves of this request in accordance with any conditions
listed below:

Duration of authorisation: For the period requested above

C Other (specify):
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APPENDIX F-1

ACCEPTABLE TRAINING AND EXPERIENCE FOR

q. MEDICAL USES OF-BYPRODUCT MATERIAL y
Q ,)

(Plea'se note: This material has been taken from NRC Regulatory Guide 10.8,
Appendix A: " Guide for_ the Preparation of Applications for Medical Programs"
(January 1979). 'It ic intended for use by the Medical Center Rat.lation
: Safety Comittee as a guide in the evaluation of physician qualifications

for " human use" of radionuclides. ] ;

Paragraph 35.11 (d) of 10 CFR Part 35 provides that the Commission vill ap-
prove a license application by an institution for medical use of byproduct'

material if it determines, among 'other things, that the physician designated
as the individual user -is adequately trained and experienced in (1) basic

j|
radioisotope handlin6 techniques and (2) the clinical use of byproduct mate- '

rial proposed in the application.. Similar criteria are established in'- i

Paragraph 35.12 (c) of 10 CFR Part 35 for the approval of licenses for medi- 'j
cal use of radiopharmaceuticals by individual physicians. Outlined belov
are training and experience criteria that the Commission, with the assistance 1

of its Advisory Committee on the Medical Uses of Isotopes (ACMUI), has found^
./ m
{ }. acceptable for physicians who use radiopharmaceuticals. Each physician's-
- R.J

training and experience are examined on a case-by-case basis. If a physician
wishes to use radiopharmaceuticals but does not have the training and exper-
ience. described, he may submit an application listing his specific-quali-
fications and these vill be reviewed by the Commission with the assistance

of the ACMUI.

1. GENERAL TRAINING

To qualify as adequately trained to use or directly supervise the use of
byproduct material listed in Groups I, II, and/or III in Paragraph 35.100 of
10 CFR Part 35, a physician should have:

,

a. Training in basic radioisotope handling techniques ,(200 hours)

consisting of lectures, laboratory sessions, discus-
sion groups, or supervised experience in a nuclear
medicine laboratory in the following areas:

(1) Radiation physics and instrumentation (100 hours)

(2) Radiation protection ( 30 hours)

/% (3) Mathematics pertaining to the use and measure- ( 20 hours)
),

ment of radioactivity~

,

3/80
- _ _ _ _ _ _ _ _ _ _ _ _ __ - .
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..

(k) Radiation biology ( 20 hours)
(5) Radiopharmaceutical chemistry ( 30 hours)'

f
(The hours listed next_ to each of the five subjects above are

E suggested values and should not be interpreted as specific
requirements. )

b. ' Experience with the. types and quantities of byproduct material for

p ttich the application is being made, or equivalent (500 hours).
c. Supervised clinical training in an institutional nuclear medicine-

program (500 hours). The clinical training should cover all appropriate
types of diagnostic procedures and should include:

'(1) Supervised examination of patients to determine the suitability
for radioisotope diagnosis and recommendation on dosage to be

prescribed.

(2) Collaboration in cal': ration of the dose and the actual adminis--
tration of the dose to the patient, including calculation of the

radistion dose, related measurement, and plotting data.
4

(3) Follovup of patients when required.
(k) Study and discussion with preceptor of case histories to establish

most appropriate diagnostic procedures, limitation, contra-
indication, etc.

Note At

The requirements specified in Sections 1. a, b, and c may be satisfied con-

currently in a three month training program IF, all three areas are integrated
into the program.

= Note Et-

For each physician named in Item h of Form NRC-313M, complete Supplements
A'and B of Form NRC-313M (Preceptor Statement and the statement of training
in basic radioisotope handling techniques). For each subject covered in
basic training,- state where the training was obtained, the dates, total

number of hours, and type of training (e.g. , lectures, laboratory sessions) .
Alternatives:

Certification by the American Board of Nuclear Medicine vill be accepted
as evidence that a phyrleian has had adequate training and experience te
use Groups I, II, and III.

Certification by the American Board of Radiology in Diagnostic Radiology with
Special Competence in Nuclear Radiology vill be accepted as evidence that a

3/80

s

b
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APPENDIX T" 1 3

ym:,
( ' physician has.had adequate training in basic radioisotope handling tech-

'niques'and has had' adequate clinica 1' experience to use Groups II and III.

1

2. TRAINING REQUIRDfENTS FOR SPECIFIC DIAGNOSTIC PROCEDURES )
A physician who wishes to be authorized for only one or two specific diagnos-
tic; procedures should have training in basic radioisotope handling techniques

<

and clinical procedures commensurate with the procedures and quantities of
byproduct material being requested. Such requests will be examined on a j

case-by-case basis by the Commission with the assistance of the ACMUI. ,

|
|

3 TRAINING REQUIREMENTS FOR THERAPY PROCEDURES INVOLVING j

RADI0 PHARMACEUTICALS .|

To qualify as adequately trained to use or directly. supervise the use of J|
-1

byproduct material listed in Groups IV and/or V in Pe.ragraph 35.100 of 10 I
1,

CFR Part 35, a physician should have:
|

Training in basic radioisotope handling techniques (80 hours) including:a.
1(1) Radiation physics and instrumentation (25 hours)

- Q (2) Radiation protection (25 hours)

L's)~ (3) Mathematics pertaining to the use u d (10 hours)
measurement of radioactivity

(h) Radiation biology (20 hours) I

(These requirements are in lieu of, not in addition to, those specified

in Section 1.a above.)
b. Clinical training in specific therapy procedures:

For Group IV

(1) - Iodine-131 for treatment of hyperthyroid. : n/or cardiac conditions:
Clinical experience in the diagnosis of thyroic function and

active participation in the treatment of ten patients. |

(2) Phosphorus-32 for treatment of polycythemia vera, leukemia, and/or -

bone metastases:
Treatment of three patients with any combination of these three

conditions.
(3) Colloidal phosphorus-32 intracavitary treatment:

Active participation in the treatment of three patients.

For Group V
f%
( )~ . (1) Iod 4e-131 for treatment of thyroid carcinoma:

~

Clinical experience in diagnosis of thyroid function and treat-

|
1

3/80

.__ _ _ _ . __ . . _ . _ _ ._ _
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ment of hyperthyroidism and/or Sardiac dysfunction and active-
participation in the treatment of three patients with thyroid
carcinoma.

:s (2) Colloidal gold-198 for intracavitary treatment:
Active participation in the treatment of three patients.

,,

h.'TRAMT.NGREQUIREMENTSFORTHERAPYPROCEDURESINVOLVINGSEALEDSOURCES.

To quality as adequately trained to use or directly supervise the use of
byproduct material listed in Group VI in Paragraph 35.100 of 10 CFR Part
35, a physician should haves

Training in basic radioisotope-handlin6 techniques (200 hours) con-a.
sisting of lectures, laboratory sessions, discussion groups, or super-
vised experience in the following areas:-

(1) Radiation physics and instrumentation (110 hours)

(2) Radiation Prot.ection ( h0 hours)

(3) Mathematics pertaining to the use and (-25 hours)
measurement of r*Aioactivity

(k) Radiation biology ( 25 hours)
,

(The hours listed next to each of the four subjects above are sug-
gested values *.ud.should not be interpreted as specific require-

ments.)
b. Clinical training in specific therapy procedures:

(1) Raf.iation sources for interstitial, intracavitary, or
surface tret.tment of cancer:'*

Active practice in therapeutic radiology with a minimum of
3 years experience.

(2) Beta ray applicators for the treatment of superficial eye
disease:
Active practice in therapeutic radiology or ophthalmology
and experience in the therapeutic use of beta rays or soft
X-rays.

Note: Evidence of certification by the American Board of Radiology in
Radiology or Therapeutic Radiology, certification as a British " Fellow
of the Faculty of Radiology" (FFR) or " Fellow of the Royal College of
Radiology"'(FRCR), or a Canadian certification from the Royal College of
Physicians and Surgeons (RCPS) may be submitted in lieu of the informa-

tion requested in Sections h.a and b above.
3/80

.
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APPENDIX F-2
.f % .URSC-

-(. W), Form 98

APPLICATION F0 " HUMAN USE" 0F RADIONUCLIDES
(For details on application procedures, please
refer to the section titled " Human Use" in the.
University Radiation Safety Regulations)

This form must be submitted with Form No. 99

Physicians requesting .}oint authorizations must cubmit the information requested
,i in items 1) through 3)' for each individual.

-{

j

Name of Applicant:ddce - /8ae.4 w /.d .1)- a. .
(Using physician) List Fire't - M.

b. Mailing address /o/ da.en o 8af> d. / /
-c. Phone: .2 - 1<> u c, ) .:2 . na 1, oy ]

/

2) a. Additional information on certification, training and experience:j.

( .The applicant named in'1)a is
L 1. Licensed to dispense drugs in the practice of medicine or osteopathy in

the State of Wisconsin: /7/ Yes /[/Nc ,

L If yes, specify license number: ooon-oc |'

ii'. Certified by the American Board of Nuclear Medicine: /_vf' Ye s /[/ No
!iii. Certified by the American Board of Radiology in Diagnostic Radiology.

with Special Competence in Nuclear Radiology: /3 Yes /_/ No
~

i

iv. Certified by the American Board of Radiology in Radiology or Therapeutic |;

Radiology: / 3 Yes /~/ No '

_

i

|, b. The applicant named in 1)a has had the following training aad/or experience in
'

radiopharmaceutical chemistry:

Formal Course: /2/Yas /[/ No j
If yes:

i

Where: u L/. l'Y h d o s m |
When: / 47 <7 <7

No. lecture hours: (Ba n j

No.' laboratory hours: era a

Experience outside of formal course: / 3 Yes /_/ No
~

L If yes:

Where: d. $ d;

When: I477 - ou % ,_ n 81

B: ration:
, c_ en t i n u / n n t

J

3) Attach documentation of the certification, training and experience indicated
( in 2).

l
) o oc.u.svr ew mw.L be a.66a ch e.c/

q,/ . <

f

3/80

. _ _ _ . __ . -
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-tRSC f
e Form 98- 2 '- -

'k) .-Include completed copies of this page for each procedure involving the internal. f
or external. administration of radionuclides to humans you wish to be authorized-
for. '

- m. . Describe t.he purpose of the incedure, including the specific conditions t

. or diseases to be 11agnosed, treated or investigated.

dia.y aau
'

b. Specify the radionuclide(s) to be used (including any present as significant f
contaminants or impurities) and the chemical and physical form.

x, mg he. S p e c.< A e. a' S ** *me n
M anu.eLsds .

U

L c. .Give the proposed dose senedule. For internally administered radioactive
!- material (other than discrete sources), indicate the quantity in milli .
|- curies of material; for internal.or external irradiation from discrete t

L sources such as cesium implants, cobalt or cesium teletherapy, specify the
H dose in rems.
1

|| my4 4 haw dosL Ca. Lc.u,. Lad.1 m a

L 9
|

. !

| 'd. Attach a description, and, where pertinent, sketches of special devices to

f .be used for administaring radiation or radioactive material to humans.-

m m 6. be. ' ts.44 w he.of
1

i

For each applicant, provide the information requested in k) e and f on training
'

and experience spacific to the procedure described in k) a - d:

e. Formal Education

Where: z h /. m d son-

k n: - / 4 '? e)

Duration: Joe A ou es

f. Experience including patient and dose selection and patient follovup:
Where: d 5 d,

h n: / g r7 4 GreJ en 4.,-

Duration: d on eca w., .
* v

Number of patients treated: ,.2 * '
'

't

3/80
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APPENDIX F-2

jD )' URSC

Form 98 3' j
5) Will radioactive material for oral or parenteral administration be obtained in

prepackaged, precalibrated form from a supplier who manufactures or repackages
'',

i

the product under appropriate pharmaceutical controls related to assay, identity, .

!

quality,. purity, sterility and nonpyrogenicity?

Yes / / No / / N/AIf no, subm/ the follovIrg with thirapplication:
Description of proposed quality control procedures for insuringa. ,

accurate dose calibration, and verification of identity, quality,
sterility, purity and nonryrogenicity of the material,,

b. . Description of the instrumentation and calibration procedures for -
.

the instrumentation. proposed for use in procedures outlined in i.

item 5)a.
c. Identification (by job title and training) of individuals who will' !

hold key positions in procedures given in item 5)a. Describe-the
. administrative and/or technical responsibilities of each.

d. Description of the preparation of colloidal material and the evalu-

|; ation of nonsealed generators (if applicable).
~

t

L 6) Is it necessary to provide the subject, patient or patient's family with written :
' information regarding the procedure and/or radiation safety concerns before- or
L after the, proposed procedure? ,

. / _Y Yes /]/ho
i: py If yes, please attach copies of the information to be provided by the authorised

,

V: physiclan.- g_,4,40_cF c_0 ,e 5 o_3 g ,, c ,,3 3,,,

L .7 ) - a . - Will your proposed use include the non-therapeutic administration of radia-
tion or radionuclides to individuals less than 18 years of age?

/~/Yes-/[/No d.cm k+ e_ o.s ins +ruc+ e.cl? f
If yes, submit the information requ.ested -in item 7 k 1-111.

b. Will-your proposed use include the therapeutic, diagnostic or investigative '

p administration of radiation or radionuclides to pregnant vomen?
/2 Yes /__,/ No c_o m oEF a.s en e+c d e.d

'-

L

i. If yes, sub=it the information requested in itdm T)e. i-iiic-
ii.' 7f no, attach a description of the steps you prr;ose to take in

order to insure that the -administration' of radiation or redio-
nuclides to pregnant vomen is avoided

c. Additional information required if 7)a or 7)b are answered.in the affirmative:
1. Justification for administration of radionuclides or radiation

11. Special precautions which vill be exercised in order to reduce
the radiation dose to patient to lowest reasonable level

111. Calculations of the maximum radiation doses delivered to the
whole body, to the critical organ (s) and, where pertinent, to ;

the fetus. For oral and parenteral administrations, these
calculations shall include information on:

- the expected half-life in the various organs
- the relationship between the radionuclide and the
permissible body burden for occupational exposure
(except for therapeutic administrations)

n - the rationale for using the dose selected
t y
'%/ '

|

h
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- the radiation dose due to other simultaneous or
accompanying administration of radionuclides or i_

'ru11ation (including X-rays)
- the assumptions used in the worst case dose cal- ;

culations and the sources of biological-distri- |

' bution data for the radionuclide(s) of interest |

8) Will'your proposed use include any non-routine medical uses of radiation or
radionuclides? (Non-routine medical uses include all human uses not specified
in 10CFR35.) o,, g :n,c p > r,_$u,;e,,,c/

c n Acyv,h .

/ 3 Yes /[/ NoIf yes, submit a research protocol including the elements listed in 8)a
.through f below.
a. Title of study.-

,

L b. Description of the purpose for conducting the study.
!' c. Information on the pharmacological :iose- (for oral or parenteral
|

-administration only).
1. Active ingredient (s)

.

e

|| 11. Maximum quantity to be administered to any subject .p

| :.(if the same active-ingredient (s) might be simultan-
~

L eously administered to the subject for another pur-
pose, specify the total quantity). Pharmacological
dose calculations are to be based on data frem pub-

lished literature or valid human studies
d. Information on the absorbed dose due to external or internal !

administration of radiation or radionuclides. For i through
|-
L iii, the information provided must take into account the effects
E of all radiation and radionuclides administered including the ef-

ects due to' impurities or contaminants.which may be present and
those due to accompanying radionuclide or radiation (including

L X-ray) administration.
i. The maximum whole body dose

11. The maximum dose to critical organs (include information,
as appropriate, indicating the assumptions used in the
calculations and the sources of biological dittribution!- -

data for the radionuclide(s) of interest)
iii. For oral or parenteral radionuclide administration, the

- relationship between the anticipated radionuclide reten-
tion and the permissible body burdens for occupationally
exposed individuals

iv. The rationale for using the dose selected
e. Information on the participants in the study.

i'. Anticipate ~d number of subjects !

ii. Age range of subjects
iii. Description of selection process
iv.- Confirmation that the consent of the subjects, or their

representatives, vill be obtained prior to participation
f. A description _ of the plan of investigation in sufficient detail ,

to permit a critical evaluation of the proposed methods. Include,'

4

the estimated duration of the study.

3/80
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APPENDIX F-2 '

. % MSC
(!, )! Forn 98 5~->LA

9)! Human use' approval
as. This application has been reviewed and approved for consideration by the

- Medical Center Radiation Safety Comittee and/or Radioactive Drug Research.
. Committee, subject to the conditions listed below..

t

. Signed:- Date: ;

Bealth Physicist

Comments:

-i
f

r

b. . The Medical Center Radiation Safety Committee and/or Radioactive Drug
Research Comittee grant permission to obtain and use radionuclidesg

L in accordance with the statements contained in this applicatim e::t uy
i conditions listed below.

p
4 Signed:' Date:

h
- F. C. Larson, M.D.

|~. Chairman, Medical Center
| Radiation Safety Comittee, and

Radioactive Drug Research Comittee
'

. Coments:

>

1

!

i ~ .,

r

}

V. ,

<
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APPENDIX G

O- UWNR 134 Revision 2
RSC Approval 5/25/79 Page 1 of 2-

REQUEST AND AUTHORIZATION FOR
SERVICES OF.THE UNIVERSITY OF WISCONST.N REACTOR

Section A of this form, to be completed by the applicant, supplies information
for periodic reactor. utilization reports as well as information on specific irradiation
services desired.

Section B constitutes authorization for transfer of irradiated material from the
Reactor License to.the University Byproduct Material License. This authorization is
required in addition to approval for radioisotope use as described in the University
Radiation Safety Regulations for services which result in radioactive material to
be used outside the Reactor Laboratory.

A' . APPLICANT

Responsible Staff Member bi e ku hl. beidaer
Department b i n e Aterus4v.o I d
Persons who may pick up radioisotdpes %m L m u ,-en e a , U1! . o (C)i,,ne4

-

If service-is provided for instruction, number of students involved N/A
Course Number /

-

. If service is provided in support of research, please complete the following:
.

Object of research effort ll.se nf n en4ren a eLsa4 nn e2_n si, , s i s

% $ n his 4-r we o en in an_s evra i etahr:,Ln M. , J t o s *4
.

Research supported by: Al I M

Number of persons involved i Staff. 7/ Students.
Reactor Services Desired: (If irradiation or isotope prhduction, complete
(a) or (b) below)

(a) Description of irradiation desired T' harm &J ne u Aron ir-ca ,J ia 4,6

(b) Isotope Maximum amount produced

Period for which authorization is desired (nel 4e coud I urd to
Si .. - . of r.s,- - . .t.,f - b.r u.u a- _ |S

c v
i
l

3/80
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.

f

B. University Health Physics Office

The applicant in Section A is hereby authorized receipt.cf the quantities ;

~'of byproduct material indicated'or of the radioisotopes resulting from the
irradiation described during the period to _

<

Remarkst. (Include any restrictions):

~!

.

1

H

l: ,

|

-t
!

1

Signature
University Health Physics Office

Member
i

:I

jnote:

i

|

{
l

i
(

O.
.

3/80
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APPENDIX H -
NOTIFICATION IN CASE OF RADIATION EMERGENCY

,

Health Physics Staf f Office Phone Home Phone

1 _.

y J. Lorenz (Health Physicist) 262-8769/0667 238-7432
L..DeKock (Health Physicist) 262 8769/0667'

7;q ,
D. Kaiser (Health Physicist) -262-8769/0667 256-6277
E. Doeldt (Health Physicist). 262 8769/0667 249 7825
A.' Den-Zikri (Health Physicist) 262 8769/0667 221-1681-
S. Engelhardt (Rediation Safety Of ficer) 262-8769/0667 244 1811
R. Radtke (Director, Safety Department) 262-8769/0667 873- % 39

' Police and Security 262 2957
(Cell if you cannot reach Health Physics Staff)

Universt,ty Radiation Safety Committee Members
'.F. H. Attix (Prof. Human Oncology) 262 3527 :273-0520 .

E. E. Seavey ( Associate Director of Animal-Care) 263-6465 833 2130 !

R. B. Inman -(Prof. |of Biochemistry Blophysics) 262-9881 238-1413
P. M. DeLuca (Prof. Radiology) '873 6651 274-1842
S. J. Engelhardt (Radiation Safety Of ficer) 262-8769/0667 244-1811

M. N. Gould (Assoc. Prof. Hs-Med. Red. Biol.) 263-6615 233-6830
P. A. Helmke (Prof. Soils) 263-4947 835-7059 [
F. C. Larson, M.D. -(Prof. Medicine) 263-7507 251-1392: _[
R. J. Nickles (Prof. Radiology) 262-6355 231-3391

; R. R. Radtke.-(Director.. Safety Department) 262-8769/0667 873-% 39
0. R. Thomadsen (Assoc. Prof. Human Oncology) 263 8500 233 3438

.

~ J. W.' Tracy ( Asst. Prof. Vet. Medicine) 263-8212/8735 437-4822'-

W. ' F. Vogelsang (Prof. Engineering) 262-3374 271-1417

..
Medical Center Radiation Safety Committee Members

#1 S. J. Engelhardt .(Radiation Safety Of ficer) 262 8769/0667 244-1811
X j M.' L. Garvin (Hospital' Saf ety Director) - 263 15121

;

R. H. Laessig (Dir State Lab of Hygiene)~ 262-1293 238-3034 j

- F. C.. Larson, M.D. (Prof. Medicine) 263 7507 251-1392 1

.R.:J.' Nickles (Prof. Radiology) 26 2-6355 231-33912

q,

E. D. Plotka (Marshfield Clinic) (715) 387-5104
R. R.;Radtke (Director Safety Depertment) 262-8769/0667 873-9639 -f,

E. E. Seavey ( Assoc. Dir. Animal Care) 263 6465 833-2130
'O. R. Thomadsen (Assoc. Prof. Human Oncology) 263-8500 -233-3438
G. ' J. Weir.' J r. , M.D. (Marshf ield Clinic) (715).387-7787
A. L. Wiley, M.D. (Prof. Human Oncology) 263-8500
S.' D. Perimen, M.D. ( Asst. Prof. Nuclear Medicine) 125*7014 ~233-3552
R. D. Woodson, M.D. (Prof. Medicine) 263-4916 233 8965
'J. R. Cameron (Advisor to Committee) 262-9513 238-2544 ;

If' Medical Attention is Needed
> Dr.' F. C. Larson 263 7507 251-1392 j

'Dr.-S.1B. Perlman .;
Dr. M. A. Wilson 125-7014 274-8342 -'

Reactor Laboratory ;

-R. Cashwell (Prog. Supr. Engr. Nuc. Eng. ) 262-3392 831-6742

D. Legare (Specialist. Nuc. Engr.) 262-3392 244-4265 i

S. Matusewie (Prog. Supr. Engr. , Nuc. Engr. ) 262 3392 832-6264
. W. Vogelsang (Professor, Engineering) 262g74 271-1417

:y y
) !

[,V' ~ November, 1986 i
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,; -RAD'IOA' CT'IVELWASTE D''IS' POSAL APPENDIX J

'>l*' , SAFETY DEPARTMENT-(262-8769/0067) ;S. -< o ,

; Date:L ' Pickup |#
,

*s. .

, Authorized User: Department:
- r' ;

- Last Name : - Initials <

Id Erson Completing Folmi Phonef *'

^

WASTE - ' ACTIVITY CHECK APPLICABLE'
- NUCLIDE
(*. TYPE I(mCl) ' Libwm Radiochemicals (g) ' INSTRUCTIONS ..t

'

(PLEASE PRINT ALL INFORh|ATION)
- . H-3/C-14 /,'

U
- H-3/C-14 /- L Correct for decey of short-liwd nuclides and ;<

LO. '**"'"'*'"'*''***'d ' ' ' ' " ' ' * * ' ' ' ' ' ' * " '
. date at left for correction at Safety)..<

;{- 2.- Neutratire aqueous wastes: 5.5 (;pH s'8.51

I -|.'
.

3, Complete the waste identification tag or label
for EACll box or hquid container. '

,
' '

;g 4. List EACll waste container on a separate lh c -i~

--(i.e., solid box, liquid container 550ml, and full
-e LSC case -> $00 20ml vials / case, about 1700E 9 mini siah/ case).' ,

5. Record these harardous constituents, if pres-nh

' WASTE ' ACTIVITY HAZARDOUS- ^**'""i"de . Fonnahn
NUCLIDE Acetophenone . Halogenated Compot.nds

y TYPE:. (mCl)' CONSTITUENTS (g or |} Acrytamide - . Isobutyl Alcohol .
-- Anatoxins . Metals .

i' H-3/C-14 ~ / Aniline - (e.g., Pb, Hg, Ag. Cr)
r 's Beniene

,

Nitrosamines sO 'H-3/Cd 4 ;/ . Carbon Disulfide ~ . Methyl Ethyl Ketone :
% Carbonletrachloride Pesticides -
U R Chlormated . : Phenol -

..

R 7 g Hydrocarbons - Phthalate Esters
,

Chloroulkyl Ethers ~ J PCB's -A2

Chloroform . n-Propyl Amine'bi N Dichloromethane_ 'Pyridme a lis seits
Dioxane kluene

-

I' '|' '

Others listed in the UW Madison ths/vsal GuhA-
Formaldehytle,

C
h 6. Record the pickup no. and date on EACH box.

y 7. Record other unreported disposals below.

]: H-3/C-14 / 8. Keep ORIGINAL, Attach, COPIES to I waste
container (or mail if no pickup).=

A H-3/C-14 - ~/7g" 9. Call the Safety Department (2-8769/0667) to
Q schedule the pickup.

.$ U 10. Lock all wastes in the metal cabinets on the
E m 'nin8 of P ckUP. Pickups are Monday and -i

Wednesday afternoons.O NOTE: Dose rate must be (2mremthe outside
U

_

cabinei.
'

.}
S See Section XIN in the l!niverskr Raduation Safety |Regulatiom for more information. y

*

.

j
HAZARDOUS OTHER DISPOSAL-METHODS )'

WASTE . ACTIVITY COCKTAIL
NUCLIDE . CONSTITUENTS #1 Decay

. TYPE. . (mCl) (specify) (g or1)o n2 sewer Release i
#3 Exhausted to the Atmosphere -

s

(gg H-3/C-14 / #4 Admhistered to Patients . I
#5 To HP (nonroutine pickpo)

- H-3/C-14 / #6 Transfer to Another Licensee
METHOD A

hITVNUCLtDE DATEg y

I

'A.
'

I Q
.S

I. . ,

y REO # (for-LSC disposal charges):

[ z. ORIGINAL ,Meep for your records. F-4588d
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,;. . .

RADIOACTIVE WASTEt DISPOSAL APPENDIX |J/
E -L SAFETY GEPARTMENT (262-8789/0067)

: Dat:- Pickup #..
~

Q Authorized User: , Department:'

'

Last Name Initials

d Naon Completing Form:: Phone:

: WASTE L ACTIVITY CHECK APPLICABLE'
. NUCLlDEe . '

. TYPE? - (mCl) - Lebwere - Radiochemicals (g) INSTRUCTIONS ~,

y (PLEASE PRINT ALL INFORhtATION)'

b' H 3/C-15 /- 1. Correct for decay of short-hwd nuclides and!

O< record below (or record original activity and
date at left . for conectico at Safety).-

( 2.- Neutralise aqueous wastes: 5.5 (pil C8,5
,

3. Complete the waste identification-tag or label
1 for E ACil box or liquid container.i

~Q 4. List I:ACil waste container on a sepatate the
(i.e.. solid box, liquid container >50ml. and full
LSC case - C> 500-20ml vials / case, about 1700S'-
mini vials / case)

'

5. Record these hasardous constituents, if present:

WASTE ACTIVITY HAZARDOUS ^c'' nitril' Fo'mahn
NUCLIDE Acetophenone llalovensted Compounds

TYPE. (mCl): CONSTITUENTS (g or 1) Acrylamide isobutyl Alcohol,
Aflatoxins Metals ~

H-3/C-14 -/ Anihne , (e g., Pb, Hg. Ag, Cr)
Beniene Methyl Ethyl Ketone /

O H 3/C 14 / Carbon Disulfide ~ Nitrosamines -
. Carbon Tetrachloride Pesticides

R~ ; Chlorinated Phenol
G liydrocarbons Phthalate Esters ^

Chloroalkyl Ethers ' PCB's -
. A Chloroform n Propyl Amine

L .- N Dichloromethane . Pyndine a it's saits -
Dioxane 1oluene t

I[ | ,L. I'ormaldeh>de
C Others hated in the VW. Madison Disposal Gulde

6. Record the pickup no. and date on EACII box.

]- 7, Record other unreported disposals below,

-a- H-3/C-14 / 8. Keep ORIGIN AL Attach COPIES to I waste
.I container (or snail li no pickup). J.

A H 3/C-14 /
:D 9. Cali ihe safety Department (2 8769/0667) io -

Q schedule the pickup. - |

| h-. U 10. Lock all wastes in the metal cabinets on the j>
E m rning of pickup. Pickups are Monday and

O Wednesday afternoons.
NOTE: Dose rate must bc C2 mrem /hr outside ' f'

U cabinet.

S see section xlx in the liniwestoy Radsarion sateur
~

Regulasions for more information..

'!
i

HAZARDOUS OTHER DISPOSAL METHODS-WASTE . ACTIVITY COCKTAIL
-NUCLIDE CONSTITUENTS #1 Decay

TYPE . (mCl) (specify)
(g orI) #2 sower Release .'

,

#3 Exhausted to the Atmosphere -

ae H-3/C;14 / #4 Administered to Patients ',
bww #5 To HP (nonroutine pickup)

'

H-3/C-14 / #6 Transfer to Another Licensee< --

D #"ET,H *lUCLIOE $y" DATE

I .

.A
I L L

S

|
i

REO # (for LSC disposal charges):
ORIGINAL - Meep for your records. F-4588d
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. APPENDIX J

RADIOACTIVE ANIMAL WASTE DISPOSAL'
,

Pickup # -_

F L Au horized User:- Department:
Last Name initials'

Person Completing Form: Phone:

ACTIVITIES (mCl) RECORD BELOW ANY SPECIAL HANDLING
. NUCLIDE

WASTE DECAYED TO SEWER OR INCINERATION INFORMATIONt

i

,

.

INSTRUCTIONS
f 1, Contaminated blood, urine and feces should be diluted and disposed directly to the sewer system (12 mci / year). Report these amounts8

. In ths TO SEWER column. Also correct for decay if significant and record in the DECAYED column. <

2.LDouble bag, box, seal and freeze all animals / waste. UW Stores stocks the boxes, #4357, and bags, #4403 or #4404.
3. Th3 weight limit is 50 lbs/ container (larger animals must be sectioned).

- 4. Complete and attach a waste identification label to each animal container. ,

'
5. Complete the information above (one form may be used for several containers). PLEASE PRINT.

'6. Keep the original for your records; attach Safety'3 copy to the waste container.
7. C:ll the Safety Department (2-8769/0667) to schedule the pickup. Pickups start at 8:30 AM on Wednesday and Friday mornings.

. 8. Lock all wastes in the freezer on the morning of pickup. The exposure rate must be i 2 mrem /hr on contact with freezer,.
Wastes that exceed this level must be kept in your lab freezer; then take the waste to the pickup area when called.

(~5L THE SAFETY DEPARTMENT (262-8769/0667) IN ADVANCE TO DISCUSS ANY EXCEPTIONS FOR ANIMAL DISPOSALS. '
' r.19aad

,

I

|

. V
L
1

e

l:
. - .-. .. ... . .. . -



FORM #316

For Dept, use onlyAPPENDIX k,f- #MOE NOPO
t !
J

RADIATION SAFETY EXAMINATION

PLEASE PRINT

Name: /$v-ek.u LJ 8 & cer. Campus Phone 0: 4 17lo A __

i e .

Social Security # 000 -00 - / r / Birth Date: //larc h 20,./QM,o
'

s

Classification: Student | | Other N
List all radionuclides you will be working with (if you will not be
working with any radionuclides you need only answer questions 1-20):

s

.T. / A 6 [~ 12, J/ A; P. Ab , rome Je r- n n elu eJ s

1. Who is your authorized user?
2. rays and rays are high energy electromagnetic waves (similar

to light)..

3. After two half-lives of any given radionuclide, what fraction of the
or.iginal activity will be remaining?

4 The unit of absorbed dose (energy deposited per gram of tissue)
is the .

f'] 5. Thebasicunitusgtomeasureactivityisthe which.is

V equal to 3.7 x 10 disintegrations per second.

6. Exposure, the quantity that expresses the ionization produced by
gamma or X-rays in air, is measured in units of .

7. The three products of radioactive decay are and,

Of these products, are generally the most.

penetrating and are generally the least penetrating.

8. Biological damage due to radioactive materials is caused by
,which is the separation of electrons from atoms.

9. List four low energy beta-emitters which are not an external radiation
hazard:

10. Persons working with the above low energy beta-emitters (do/do not)
need to wear a film badge.

11. List two possible natural causes responsible for the continual oc-
currence of chrcmosome damage: , .

12. List three radionuclides which are external hazards if improperly
shielded:

__

13 . ' During what part of a. pregnancy is the fetus most radiosensitive?
What is the NCRP's maximum dose.

recommendation for an unborn child?
14. What is the average accumulated dose for an individual living in

( )) the United States for twelve years due to natural background (ex-
N._ cluding medical exposures)?

_ . . _ _ . -



. - _ _ - . . . . .. - . -

RADIATION SAFETY EXAMINATION

15. Radiation exposure can be reduced by increasing or decreasing
what three factors (specify increase or decrease)?

,

, , .

16. Moving twice as far away from a radioactive source reduces the
dose by a factor of .

17 Four methods of radioactive vaste disposal are:
.

18. In general, objects placed near a sealed source of radioactivity
(vill / vill not) become radioactive.

19 1500pCi (microcuries) = mci (mil 11 curies). |

'20. Whom would you notify in the event of a radiation emergency?

1
1Only persons directly involved in handling radionuclides need to answer

the remaining questions. Base your ansvers on the current University
Radiation Safety Regulations. Ansvers to some of these questions may
not be found in the handbook " Radiation Safety for Laboratory Technicians". |

21. Each authorized user may dispose of a combined total of mci
of radioactive materials to the sever system each calendar year. |

j

22. Who may incinerate radioactive animals and animal vastes on the UW- 1

Madison Campus?

23 What radionuclides may be put into the five gallon jugs provided by
the Safety Department for disposal as liquid vaste for incineration?

What is the maximum total activity allowed per jug?.

2h. What is the minimum laboratory survey frequency required of the auth-
orized user in labs where 200 microcuries or more of radionuclides are
in use?

25 What is the minimum frequency required for survey meter calibration?

26. In what part of a radionuclide laboratory may food and/or beverages
be consumed, stored or prepared?

I have read the handbook " Radiation Safety for Laboratory Technicians"
and completed this examination.

Signed:

Date: |

Each answer space is worth one point. Anyone with six or more incorrect
lansvers vill be required to retake the exam. Authorized users vill be

notified of personnel who have submitted a failed exam.

For additional information, please refer to the Section " Training and
Instruction Required for Radiation Workers" in the University Radiation ,

'

Safety Regulations.

Return the completed exam to: Safety Department

317 N. Randall Avenue
. . - . . . . . - - .. .-- . . . - . . - . - . - - - . . .-- . .-. . . - . .



. . - . . . . .. .
. . . . . . .

..
.

. . . . . . . . . .

.. . . . . .. .
. . . . ..

.

.
.
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SAFETY D8iEPARTMENT

{ .
317 N. Randall Avenue

SAFETY IS OUR CONCERN... MADISON WISCONSIN 53715
608 262-8769 262 06671

L

APPLICATION FOR PERSONNEL i>0SIMETER

PLEASE PRINT: Office Use Only h'
1. Name: /da oc.a de4 u fur Date Spare Issued {

Last First Mitidle or Heiden Body Dosimeter . , ,

Ring Dosimeter
.

2. Birthdate: Mae-e n .2.0 /QJo Neutron Dosimeter
TYP'Month Day Year
Group No. <

Exam: Yes No N/A3. Social Security No. 000 . oo - / / / /
Ordered

4. Campus (work) Phone No. _ .2 - 176 cr p

5. Campus (work) Address /0/ 84rno 2anc/a // Initials of HP

6. Have you ever previously been issued a radiation dosimeter at the
University of Wisconsin-Madison?

/ Yes No Uncertain

p If yes, please give the name and department of the responsible faculty
| Q member, physician or supervisor. J' Ajn ce /s O . c +. dhed,A.u-

j 7. a. Circle the current calendar quarter:

January 15 to Atril 14 July 15 to October 14,
(April 15 to July 14 ) , October 15 to January 14

b. Complete the following statement:

For the current quarter, I have received the following occupational dose
due to sources of radiation possessed by individuals or institutions
other than the University of Wisconsin-Fadison :

NOTE: If you have been working for the U W.-Madison during the,

| current qur.rter, your answer should be ZERO.

0 (zero) millirem
/ Other (specify number of millirem) do

For doses other than zero, indicate the type of exposure:

Whole body (Gamraa, x-ray)

Whole body (neutron)- __,

V S~ kin of whole body (low energy x-rays or beta)

/ Extremities (hands, forearmt., feet, ankles)

<

|

, _ . . . . , . - . . ,, , _ __ . . _ . , . . _ _ _ _ . . , . _ .._ . _ , _ _ _ _ _ _ _ . _ _ . _ _ _ - __ . - , _ , _ _ . _-
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<

s

+ - 8. ..a. Check the rtatement that applies to you:'

/, 1(will be working directiv vith radioactive materials at the
' University of Wisconsin-Madison.,

| I will be working in a lab where others will use or store
_

! radioactive materials. I do not expect to handle radioactive
L materials myself.

List the major types and quantities of radioactive materials you will be
exposed to at any one time.

b RADIONUCLIDE QUANTITY RADIONUCLIDE QUANTITY
:=
'

P- 62. I mG I -18 6 md

T - i t*5 , 6 mG
t

b. Check the statement that applies to you (if none apply, see 8.c.):

I vill be working directiv with a machine that produces ionizing
radiation (e.g. X-ray diffraction unit, accelerator or chest x-ray
unit) at the University of Wisconsin-Madison.

I will be working in a lab or facility where others will use a
.

machine that prodt.ces ionizing radiation. (I will not use the
machine personally.)

List the type (s) of radiation producing machine (s) you will be exposed to:

c. None of the above applies. I need a badge for the following reason:

9. Who is the faculty member (authorized user) responsible for use of
radioactive materials or radiation-producing machine? Baelo a/. do.dc u

/ J

What department do you work for? /6/cchemeJi'ey
Who is in ch.2rge of badges in your work ares? J$h.n Mv.n e/

Signed: M d e. 4 < 4./. /Ie.c/c,cA.Date: d'T Wfa,y /9M

Please bring or mail this application to: Safety Department
317 N. Randall Ave.

For more information about badging, refer to the " Personnel Dosimetry" section
in the Utaiversity Radiation Safety Regulations, or call a health physicist at
262-8769.

Form No.-135 (Rev. 6)

-. . - - - . - - . . . - . . . .- - - . - . - . . . . - . . - , . . . . - . - . . - - . . - _ . - - . - -
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APPENDIX N,

:s J University of WisconsiniMadison ,

SAFETY DEPARTMENT
'

'
'

'

317 N. Randall Avenue -.

--T - SAFETY IS OUR CONCERN... MADISON, WISCONSIN 53715'

[~' 608 262-8769 - 262 0667 .

hecem her. E / 9 70) nATE: f

h t4 c /(j [M. Ath &TO:

FRON: John Lorens
Radiation Safety

RE: Dose Estiaste for Lost Radiation Badge
i

We sust have an estimate of the dose you may have received while wearing your
lost dosimetry badge. . The estimated dose will be added to your exposure

i

history. To properly assign the dose, we need the information requested |
below. Give specific . answers in all the items, epecially numbers 4 and' 7.
Answers such as " don't know", "very small" or "same as usual" are not j

acceptable. If estimating your dose, or any other part of the report, causes |
you problems, call John Lorens at 262-8769 or 262-0667. |

l
I

dA6Nj /d* b4h 8 I.1. Your name:p

2. Your Social Security Number: 0o 6-00 /// /
3. This estimate is for:

Body badge
|

Ring badge

4'. The monitoring period covered by the lost badge:

Oc/c 15 to Mo V 14,198_f_.
month month. I

5. What type of radiation were you exposed to?

a.- Machine produced radiation

| ! Radiographic x-rays

Fluoroscopic x-rays

Other!

|

L. For each of the above, list the type and number of procedures you were
involved in while wearing the badge.

.O
G 5' e.hes t y,- rays

(over)

- _ _ - - - _ _ - _ _ _ _ - _ _ . . . _ _ . . - _ - _ . - . - - . - - . . - . . . - , _ . . . - . - . - _ . . - . _ . - .
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i

.

b. Radiation from radioactive asterials

Radionuclide - Activity Total-Time
(mci) Exposed

r-/2 S~ 1. ,10mhArocedure A 6 t'M*A#'N.
F - /8 K_ /0 m;W

,

c. Other (specify)

6. You can use any of the following aids in estimating your dose. Please
check any you use in arriving at your estimate.

This reading-is equal to the highest you have received while
performing the same duties.
This is the same dose reported for others doing the same procedures

'as yours.
.

Area monitors in your work area gave this reading, and the reading
for the lost badge is less than or equal to that of the monitors.
This is a calculated dose (include a summary of how the
calculations were done).
Other (describe)

7. Please estimate the maxinum dose you might have received during the period
specified in Item 4. If you need help estimating your dose, call John
Lorenz at 262-8769 or 262-0667.

Estimate: M millirems

lhaks W. Adm badm W /9%
U Signature 8 Date

O.

.

-_. - , . _ _ - . _ - - - . _ _ - , _ _ . . . . . , . . . . , . . . _ . . . _ , . _ . ~ . , . . - . _ . - , - _ . . . . . . _ . . , - , . , - ~ . . _ _ . ~ . . , . . . _ .
_
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RADIONUCLIDE FACILITY SERVEY

3!I6h81.ast User Survey 38 Dat*8
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( DETAILED SKETCH OF FACILITY
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SLRVEY METER RESULTS WIPE TEST RESULTS
/ Eberline E-12 0 with HP-190h probe / Packard LSC Q460

Other Other
Background ,Oi mR/hr Backgro und= %C cpn= dpm

NA

)) 72 9) U
:ll mdiap backycwl 2)cs lo) Si
celcwe( 3; 7c 11 63

H 65 (2) (cl

| 5)75 13) 8 6 3/i gg 6.3;

6) H M N2 kw 4 Rw6
56 6 3 J 5l(J Exceptions List N 4

Vortfled _ 6| S) 73
-

Decontamination needed? [ Yes No
|' Ah
|

D
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| App:ndix P
FORM #313

'

RADIONUCLIDE LABORATORY INSPECTION FORM
,

i

~,m-
)f Health Physics Technician: ([u.4, Om ,4h Date /7/au 09: / c7 Al.

./ i
- -

Authorized User: Ba t > LJ Macw Authorization Expires: /. 87
'

Office # and Building: /o/ &mo Randa // Phone: J. a ru 9
' Rad. Safety Tech: 7o'm Le se e n e o Phone 2. an a '7

AUTHORIZED Storager / /.2 o/o 2/oa. /bse Ari4 //
<- - y

AREAS FOR Use: /

NUCLIDES Waste: f
+

Other rooms (unauthorized):
Is lab space-shared? NO / YES - room (s) and user (s) (circle rooms which
need to be surveyed now): J// wi4h d. d% nan

//3 42n . fate wo# dtD4

AUTHORIZED RADIONUCLIDES (in mci as of N>7 Time: Ci' c o a_. rn . )
J

Radionuclide: f . la u.a r - 12. 6 P. 3 2 Rs4e R e ci N/-LAoua
Present Bal: /O. o /4. 6 M. 6 J t, t

. Jo . o
f f50Order Limit: 2 e.o no 5.0 1. 0

Jo. c,r w Poss. Limit: 10.o 2_o. n t o. o 5. 0 v

s

(Recommended survey frequency: every ,_{m,_ months)

Inventory Status: NOT DUE Date of last inventory:

/ DUE Inventory Report due back: fY) % 2.85 l et 24
I

'

Exceptions to URSC regulations and/or pertinent special conditions:
,

tie t o+r e n for ms' in s3 o o k be > /O x bk ca :

Past Contamination? NO / YES - Where and when der n, a s.l- soco m
y-

# Las k. Junreyed 9 Adr2 in &c.e em be<~ *f3
/ Check here if the user was interviewed (required once/ year).

VIOLA-
TION OK NA CENERAL

/ Radiation Safety Regulations are current and available to
lab personnel.

/ Personnel working in or frequenting labs have taken exam and
appear on printout (update printout).

2 Lab personnel are given adequate training in the safe handling
and use of radionuclides.

'

DOSIMETRY
/ Dosimeters are worn when using ImCi or more of a gn--n (body

badge only) or high energy beta emitter (body & extremity badges).
_. / Bagdedpersonnelknowwheredosimetryreportsarepostedandfiled.

LOW 4 8 c : C. 2 6 gro W
resu 14s m 51.o C.ep b eb l 1*

- ._, , .. . . ,. - - . - . .
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VIOLA-
TION- OK NA SURVEYS

/ -Frequency of lab surveys: /77on Jhlo / (o eno nV A /u
'Date_of last survey: 'g .f / g

/ . Wipe tests are adequIce and documented.
'

ho m a.d _4. GM monitoring is adequately thorough and documented.
" / Survey meter is calibrated annually. Last calibration date:

/4 - / o - 13 W E f lo / 2io e t.no L -
1

/ Decontaminations are performed and documente'd.
/ Area surveys are done immediately after uses of 5 mci or more of

radioiodine/ submitted after uses of 50 mci or mere.
/ Survey records are maintained for 2 years.

RECORD KEEPING

d' Receipts, uses and disposals are recorded in a radionuclide log
book.

/ Log book is routinely kept up to date.

_4 Sewer, atmosphere and transfer (NRC exempt) dieposals are reported
on vaste disposal forms. (Date of last transaction u.a 4 - e 94 .) '

/ If 10 mci or more of H-3 has been used since last survey,-pre and
post urine samples have been submitted (check Safety Dept. records)-
when and by whom:

OBSERVATIONS

/ Current surveys are posted.
/ Signs are properly posted.
/ NRC-3 is conspicuously posted.
/ Emergency phone #'s are posted by phone (s).
/ Radionuclide storage and waste areas are labelled and secure.
/ Beverages and food are not consumed, stored or prepared in lab.
/- No smoking in lab,
v No mouth pipetting of radioactive material.

NOT.0B-NO YES
SERVED

/ Gloves are worn. ,

/ Lab coats are worn.
/ Absorbant paper is used for liquid procedures.

Additional Remarks; O/7 Ctfl s u r/ e.u s oe. 4heo Ece. 4 -le-

s s v
d e t.u.em, m b mekar %2rJo u s one, te a u3 h | t o . M m fi nr

v
T-tLE a n a. o,4 e i i, a % a v i,-a_ s unt , u rte 4 ner, m ,.o.

J J
-

J
bec cJ 4 An t- , en e ecels. 64, r , m a,-4 s h4 LA 1u__.,

1s . -

_51.o om.m n Qan am ii r o is a remm 7
|

4 w v <-
|61,o Seeu ae D, . & A e,,, % L -cenw o n,1 egg n+s ;_

a
oil e c.u.s se_,J t en%c4 a.nc e of rh e , , man 4a_4 inn meJer + c(tu s

'

'
|

Who was contacted about the results of this inspection and survey? Phone
(The authorized user must be notified directly about violations.) Visit /

NAME: %m kaua rtner. I)c . fh Am o_r DATE: /C to,1414 Mail |e J |

I
|

. - - - . _ . -, , - - , . , , _ . . ...., .- . - . . . , . . , . . . _ . . . .-.



' Appendex Q
RADIDACTIVE MATERIAL RECORD

te Received March 15,1988 pggg 60130

NEN NEG-009T Lot 8 201-7652pplier: Catalog 8

Radlonuciloe: S-35' Chemical: Methionine

Activity / unit: 5 s. Cl X 1 (tunits) = 5 _m Cl (TotalActivity)
.

USE INFORMATION DISPOSAL' INFORMAT10N

ACTIV11Y VOLUME Date WASTE TYPES AND ACTIVITY ( aCl or pCl ) Vaste Date

( 901 or aCl ) ( ul or el ) & Organic Aqueous Pickup &

Removeo iRemaining Removeo Remaining initials Solid + Liquid + Liculd__4 Animal 4 Other = TCTTAL 8 initials j

e3 N,6 e6 k,5

|
;-

I ;

_ .;

-

-
.

Instructions: 1) Verify this ceder is correct and c:z:plete the informatien above use this record sneet for this material only.
You may add sheets to record use and disposal of any new saples, stocks, etc. labelled with this material.

2) Keep these recercs in a loose leaf binder or central area so they are available to all users.
3) Record use and disposal as they occur, and circle the appropriate volume and activity units.

| Use the 'other' column to record any cther disposal methecs (e.g. decay, release to the sewer, etc.).

I( 4) The total activity disposed should equal the total used, minus any activity remaining in samples, stocks, etc.
5) This record may be discarded two years after final use of the material, or sooner if approved t.y a health

|
. physics staff memcer (e.g. af ter a physical Inventory).

|

F 10C04
- . - - . , - . _ - ,- -. .. . . , . . . . - . - - _ ---
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7 Apptndix R

9 M Of. M ' N ', '
SAFETY DEPARTMtENT ' 3:
317 N. Randall Avmus' .

. .i
_y .J. 2 SAFETY IS OUR CONCERN... MADISON, Wl8 CON 32N $3715,. '

a y ygm , ygmy

FORM-0322!(111583),e
|

,

DATE:' M 08,1984

: TO :' ~De . h.ek.g w . % d ger
101 (Lo.m.p 3o.n cio.R

FROM:
Health Physicist

RE: PACKAGING REQUIREMENTS FOR SHIPPING RADIOACTIVE MATERIALS

Authorized users, or'their personnel, may ship limited quantities of-
radioactive materials off campus, directly from their labs.. However,
HEALTH PHYSICIST APPROVAL IS REQUIRED PRIOR TO EACH SHIPMENT (call,

262-8769)'. The health physicist approving the shipment will completeL ~

L- a waste. disposal form authorizing the shipment and will send you a
copy. Record required documentation on your copy of the disposal form-E

| i when received (however, you need not wait for the form to ship the
'

material). <

The limited quantity (i.e. the maximum activity allowed per package)
for-the nuclide(s) you requested to ship is:

1 LIMITED ~ QUANTITY *
NUCLIDE | (mci)

l liquid form Isolid and aan forms
C-14 I 6 I 68
H-3 1 2 (water-1 C1) Isolid-28 can-28 Ci
I-125 I 7 I 78
P-32 | 3 1 38
S-35 I 6 I 68

I I

I |

* Activity may not exceed the quantity given for the form the
radionuclide is in when shipped.

Check with a health physicist if you want to ship any other
radionuclides.

The following requirements must be satisfied to comply with DOT
regulations for shipping limited quantities of radioactive materials.

- The outside of the inner container must bear the marking
" Radioactive".

(OVER)

- . .- . - . -....- . .- _. - . ._ - - _ . . - . . . . . _ . . - . - - . - - . - , . - . .
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- The materialsLaust be packaged in strong, tight packages-
'

:such that there-will be no leakage of radioactive material-
under normal transportation conditions.

- -Removable radioactive surface. contamination must be
determined (and documented) by wipe testing an area not less
than 388 square'cm and at appropriate locations on the
exterior of the package. Call a health ~ physicist if the wipe
test is= greater than three times background. Removable
contamination must not exceed the following specified limits
when averaged over the area wiped:

| MAXIMUM PERMISSIBLE LIMITS
' CONTAMINANT |

| uci/souare emidem/souare em
1 -5 -l ~

~

beta,-gamma emitters & nuclides | 18 | 22
'

with half-lives < 18 Days | I
l -6 |

alpha emitters' i 18 | 2.2
I I

- The radiation level at any point on the external surface of-
the package must not exceed 8.5 mrem /hr. Document maximum
reading.

- The following statement must be included on the packing slip
(or on the package) with your name: .
"This package conforms to the conditions and limitations

.

j
specified in 49 CFR 173.421 for excepted radioactive material,
limited quantity, n.o.s., UN2918." l

If the radioactive material is to-be shipped on dry ice, additional
requirements must be met.

- A dry ice packaging (e.g. styrofoam liner and outer box)
must be used.

- The package must be marked (on one side): DRY ICE
ORM-A
UN1845

- The dry ice and number of pounds must be identified on
shipping papers. Most carrier bill of ladings have a space
for dry ice identification.

- For each shipment by air exceeding five pounds per package,
advance arrangements vic: each carrier must be made.

If you have any questions about packaging or shipping a limited
quantitiy of radioactive material please call me or another health
physicist. |

. - - - . .--_- _- - _
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.U.S. NUCLEAR REOULATORY COMMISSION Revision 1

o REGULATORYGU DE asce,ygo .

OFFICE OF STANDARDS DEVELOPMENT

Nov f311975

REGULATORY GUlOE 8.13 i Cf SAFETT

INSTRUCTION CONCERNING PRENATAL R ADI ATION EXPOSURE

A. INTRODUCTION than an adult, particularly during the first three months
after conception, when a woman may not be aware that

Section 19.12 of 10 CFR Part 19 states that all she is pregnant, the National Council on Radiation
individuals working in or frequenting any portion of a Protection and Measurements (NCRP) recommended in
restricted area must be instructed in the health protect its Report No. 39 that special precautions be taken to
tion problems associated with exposur, to radioactive limit exposure when an occupationally exposed woman
materials or radiation. This guide describes the instrue. could be pregnant.

,'
tion that should be provided concerning biological risks
to embryos or fetuses resulting from prenatal exposure.. C. REGULATORY POSITION |

Instruction to workers performed under $19.12
B. DISCUS $10N should be given prior to assignment to work in a

restricted area. In providing instruction about health
I' Since the Law of Bergonic and Tribondeau was protection problems associated with radiation exposure

published in 1906" it has been known that the female workers and those who may supervise or work
sensitivity of cells to radiation damage is related to their with them should be given specific instruction about
reproductive activity and inversely related to their prenatal exposure risks to the developing embryo and
degree of differentiation. It follows that children could fetus,
be expected to be more radiosensitive than adults,
fetuses more radiosensitive than children, and embryos The instruction should ensure that the employees

i even more radiosensitive, understand:

1. That the NCRP has recommended that, during
This principle has long been a factor in the the entire gestation period, the maximum permissible

development of radiation exposure standards. Section dose equivalent to the fetus from occupational exposure
20.104 of 10 CFR Part 20 places different limits on of the expectant mother should not exceed 0.5 rem and ;minors than on adult workers. Specifically, it limits
anyone under the age of 18 to exposures not exceeding 2. The reasons for this recommendation.
10% of the limits for adult workers. However, @20.104
does not relate to embryos or fetuses. The instruction should include the information

provided in the Appendix to this guide. It should be
A special situation arises when an occupationally presented to the employee, her supervisors, and her

exposed woman is pregnant. Exposure of the abdomen co workers both orally and in written form. Each
of such a worker to penetrating radiation from either individual should be given an opportunity to ask
external or internal sources would also involve exposure . questions, and each individual should be asked to
of the embryo or fetus. Because a number of studies acknowledge in writing that the instruction has been
hase indic4ted that the embryo or fetus is more sensitive received.

*This revision of the guide includes minor changes of a D. IMPLEMENTATION
c'anfying nature incorporated as a result of public comrnents.

The purpose of this section is to provide informa.* * or es re er e ' mie des Sciencer Vol.
143, pp. 983 985,1906. tion tolicensees regarding the use of this guide.
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.l

frequenting any portion of a restricted area,and those- ~lExcept in those cases in which the licensee chooses -
'- to propose an alternative nethod for complying with the - who may supervise or work with such employees, .

portion of the Commission's. regulations previously. con:xtning the health protection problems associated '|-

specified, the methods described herein should be used ~ with prenatal radiation exposure.
Immediately to instruct female employees working in or -. !

_1
.

, :

;

l
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,

. U.S. NUCLEAR REGULATORY COMMISS40N
X.
O

APPENDIX TO REGULATORY GUIDE 8.13

POSSIBLE HEALTH RISKS TO CHILDREN OF WOMEN
WHO ARE EXPOSED TO RADIATION DURING PREGNANCY '

Some recent studies have shown that the risk of All Nuclear Regulatory Commission licensees are
leukemia and other cancers in children increases if the now required * to inform all individuals who work in a
mother is exposed to a significant amount of radiation restricted area of the health protection problems asso,
during pregnancy. According to a report by the National ciated with radiation exposure. This instruction would in
Academy of Sciences, the incidence of leukemia among many cases include infonnation on the possible risks to
children from birth to 10 years of age in the United unborn babies. The regulations also state " that
States could rise from 3.7 cases in 10,000 children to 5.6 ilcensees should keep radiation exposures as low as is
cases in 10.000 children if the children were exposed to reasonably achievable. According to the National
I rem of radiation before birth (a " rem"is a measure of Council on Radiation Protection and Measurements,
radiation). The Academy has also estimated that an vigorous efforts should be made to keep the radiation
equal number of other types of cancers could result exposure of an embryo or fetus at the very lowest
from this level of radiation. Although other scientific practicable level during the entire period of pregnancy,
studies have shown a much smaller effect from radiation,
the Nuclear Regulatory Commission wants women em- Thus it is the responsibility of your employer to
ployees of its licensees to be aware of any possible risk take all practicable steps to reduce your radiation
so that the women can take steps they think appropriate exposure. Then it is your responsibility to decide
to protect their offspring. whether the exposure you are receiving is sufficiently,

( low to protect your unbom child. The advice of your'

As an employee of a Nuclear Regulatory Commis. employer's health physicist or radiation protection
sion licensee, you may be exposed to more radiation officer should be obtained to determine whether radia.
than the general public. However, the Nuclear Regula. tion levels in your working areas are high enough that a
tory Commission has established a basic exposure limit baby could receive 0.5 rem or more before birth, if so,
for all occupationally exposed adults of 1.25 rems per the alternatives that you might want to consider are:
calendar quarter, or S rems per year. No clinical evidence
of harm would be expected in an adult working within (a) If you are now pregnant or expect to be soon,
these levels for a lifetime. Because the risks of undesir. you could decide not to accept or continue assignments
able effects may be greater for young people, individuals in these areas.
under 18 years of age are permitted to be exposed to
only 10 percent of the adult occupationallimits.(This (b) You could reduce your exposure, where possi.
lower limit is also applied to members of the general ble, by decreasing the amount of time you spend in thepublic.) radiation area, increasing your distance from the radia.

Ilon source, and using shiciding.
The scientific organization called the National

Council on Radiation Protection and Measurements has (c) If you do become pregnant,you could ask your
recommended that because unborn babies may be more employer to reassign you to areas involvingless exposure
sensitive to radiation than adults, their radiation dose as to radiation if this is not possible, you might consider
a result of occupational exposure of the mother should
not exceed 0.5 rem. Other scientific groups, including
the international Commission on Radiation Protection,
have also stressed the need to keep radiation doses to . By Titic 10, Part 19 of the Code ofI'cdcral Regulations.:

unborn children as low as is reasonably achievable. "In Title 10. Part 20,

i

v
8.13-3
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leaving your job. II you decide ta take such sieps, do no
without delay. The unborn child is most acnsitive to .g.g g q
radiation dunng the first three months of your preg. called the "done" and is measured in " rems." The !

"*"'Y' average Individual in the United States accumulates a
da of a um Dom natwal souten any 12 years.

'(d) You could delay having children untti you are The dose from natural radiation is higher in some states,
no lonpr workingin an area where the radiation dose to such as Colorado, Wyoming, and Soutle Dakota, pri. 1
your unbom baby could exceed 0.5 rem. marily because of cosmic radiatlan. There the average

Individual gets one tem every 8 years.
You may also, ofcourse, choou to:

Natural background radiation levels are also much
(c) Continue working in the higher radiation areas, higher in certain local areas. A dose of one tem may be

but with full awareness that you are doing so at some received in some areas on the beach at Guarapari, Brazil,
small 'nenased risk for your unborn child, in only about 9 days, and some people in Kerala, India, i

get a done of one tem every 5 months. 1

The following facts should be noted to help you make a hiany people receive additional radiation for medi.
decision: cal reasons, in M70, an estimated 212 million X. ray

examinations were performed in the United States. The
estimated average surface skin dose from one radio-

1. The first threi months of pregnancy are the graphic chest X. ray is 0.027 rem. The estimated ave age
most important, so you should make your decision surface skin aose per abdomina! X. ray is 0.62 rem.'

Radiation can also be received from naturalsources
2. In most cases of occupational exposure, the

actual dose received by the unborn baby Isless than the
such as rock or brick structures, from consumer prod.
ucts such as television and slow.in.the. dark watches,

dose received by the mother because some of the dose is and from air travel. The possible annual dass from
absorbed by the mother's body, working 8 hours a day near a manite wall at the Redcap

Stand in Grand Central Station, New York City, is 0.2
3. At the present occupational exposure limit, the um, and the average annual dose in the United Statesactual risk to the unborn baby is small, but experts

fr m TV, consumer products, and air travel is 0.0026
disagree on the exact amount of risk.

rem.

4. There is no need to be concerned about sterilhy
or loss of your ability to bear children. The radiation Radiation, like many thmgs, can be harmful. A large

dose to the whole body (such as 600 rems in one day)
dose required to produce such effects is more than 100
times larger than the Nuclear Regulatory Commission's

w uld probably cause death in about 30 days, but such
large doses result only from rare accidents. Control of

dose limits for adults. exposure to radiation is based on the assumption that
any exposure, no matter how small, involves some risk.

5. Even if you work in an area where you receire The occupational exposure limits are set so low, how.
only 0.5 rem per three month period, in nine months pet, that medical evidence rathered over the past 50
you could receive 1.5 rems, and the unbom baby could years indicates no clinislly ebservable injuries to indi.
receive more than 0.5 rem, the full. term limit suggested viduals due te radiation exposures when the established
by the NCRP.Therefore,1f you decide to restrict your radiation lirmts are not exceeded.This was true even for

- unborn baby's exposure as recomrnended by the NCRP, exp sures received under the early occupational ex.
I be aware that the 0.5 rem !!mit to the unborn baby posure limits, which were many times higher than the
L applies to the full nine month pregnancy. prerent limits. Thus the risk to individuals at the

| occiipational exposure ievels is considered to be very
mu. e ay at h zu

I- The remainder of this document contains a brief T dcct asc the risk still further,licemes are expected
i explanation of radiation and its effects on humans. As to keep actual exnosures as far below the limits as is
! you will see, some radiation is present everywhere and

***"''D"'""*the levels of radiation most employees of Nuclear
Regulatory Commission Ifcensees receive are not much
larger than these natural levels. Because the radiation

-

levels in the facility where you will be working are *"Pra. Release Report: X Ray laposure Study (XES) Revised
Estmutes of 1964 and 1970 Genetieauy Significant Dm.,

required by law to be kept quite low, there is not i ebruary 4,1975, US. Departrncnt of flealth, Education.;

! considered to be a significant health risk to i dividual and welfarc. Public Hsaith Service, l'ederal Drug Administra.n
! adult employees. tion,15ureau of Radiological Health.

8.13-1
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!q The current expo 6ure limits for people working with
Summary

J - radiation have been developed and carefully reviewed by
Occupational exposures to radiation are being keptb

nationally and internationally recognized groups of Isw. llowever, qualified neicotists have recommendedaclentists, it must be remembeied, however, that these that the radiation dose to an embryo or fetus as a result
limits are for edults. Special consideration is a;Tropriate
when the individual being exposed is, or may be, an of occupational exposure of the expectant mother

should not execed 0.5 rem because of possible increased
expectant rnother, because the exposure of an unborn

risk of childhood leukemia and cancer. Since this 0.5child may also be involved, rem is lower than the dose generally permitted to adult
workers, women may want to take special actions to

Prenatal Irmdistion avoid receiving higher exposures, just as they treht stop
sm king during pregnancy or might climb stairs more

The prediction that an unborn child would be more carefully to reduce possible risks to their unborn
. sensitive to radiation than an adult is supported by children,
observations for relatively brge doses. Large doses
delivered before birth alter both physical development Sibliography
and behavior in experimentally exposed animals. A
report of the National Academy of Sciences states that Donald G. Pinatello and Richard L. Witcofski,1.short. term doses in the range of 10 to 20 rems caue Basic Radiation Biology, Philadelphia: Lea and
cubtle changes in the nerve cells of unborn and infant Febleer,1967.
rats. The report also states, however, that no radiation
induced changes in developmer,t have been demon. National Academy of Sciences - National Research
strated to result in experimental animals from doses up 2.

Council, The Effccis on Populations of t'xporare to
to about I rem per day extended over alarge part of the Low Levels of lunizing Radiattw, Washington,
period before birth. D.C., November 1972.1

The National Academy of Sciences also noted that
National Council on Radiation Protection and Mea.3.doses of 25 to 50 rems to a pregnant human may cause surements, Basic Radiation Protection Criteria,

growth disturbances in her offspring. Such doses sub.
'

p stantially exceed, of course. the maximum permissible
NRCp Report No. 39, Washington, D.C., January
15,1971.

() occupational exposure limits.

4. United Nations, Ionizing Radiation: Levels and
Concern about prenatal exposure (i.e., exposure of a|

child while in its mother's uterus) at the permissible
Effects, 2 vol., Reports of the United Nations
Scientific Committee en the Effects of Atomic

occupational levels is primarily based on the posalbility Radia:!on, Report No. A/8725, United Nations,
that cancer (especially leukemia) may develop during ths New York,1972.
first 10 years of the child's life. Sental studies have been
performed to evaluate this risk. One study invohed the U.S. Atomic Energy Commission, Division of Tech.5.followup of 77,000 ekidren exposed to radiation before nical Information, Understanding the Atom Series:
birth (because of diagnostic abdominal ' tays made fors
medical purposes during their mother's pregnancy). Atoms, Nature and Afan
Another study involved the followup of 20,000 such
children. In addition,1292 children who received

The Genelle Effects ofRadiation
prenatal exposure during the bombing of Hiroshima and
Nagasaki were studied. Although contradictory results

The Nataral Rudsati<m Environmenthave been obtained, most of the esidence suggests a
rektionship between prenatal exposure and an increased Your Body and Radiation
risk of childhood cancer.

,

b
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UNITED STATES NUCLEAR REGULATCRY COMMISSISN

RULES end REGULATIONS
,p0 TITLE 10. CHAPTER 1. CODE OF PEDERAL ROGULATIONS-ENERGY'

, t.

V

PART NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS;

19 INSPECTIONS

Sec. "$ 19.3 De finitions, $ 19.11 Posting of notices so workers.

$ h7 As used in this part: (a) Each licensee shah yoot current
(a) "Act" means the Atomic Energy copies of the following documents: (1)

Dettaittons'ons.
19.3 s

Interpretatt Act of 1954. (68 Stat. 919) including any The regulations in this part and in Part10.4
19.6 Communications. amendmenta thereto: 20 of this chapter: (2) the license, license

(b) "Cbmmision" means the United States conditions, or documents incorporated10.11. Postins of notices to workers, g
10.12 Instructions to workers, w.Nucleat Regulatory Commissioni
IIL13 Notificauons and reporta to inulvid g (c) " Worker" rneans an individual into a license by reference, and amend-

uals. engaged in activities beensed by the Com, mente Caeretol (3) the operating proce.
19.14 Presence of representatives of licens- mission and controlled by a licensee,8 dures applicable to licensed activities:

ese and workers during inspections. but does not include the licensee. E (4) any notice of violation involving
10.16 Consultatin with workers during in '' N radiological working conditions, proposed

spections. $(d)" License" means a license issued g imposition of civil penalty, or order is.
1938 Requests by workers for inspeetlotu under the regulations in Parts 30 through w sued pursuant to subpart B of Part 2 of
19.17 Inspections not warranted; informal $ this chapter, and any response from the* 35.40.60.61,70 or 11 or this chartd,review. 11causee.
19.30 Violations. j including lit.cnses to operate a (b) If posting of a document specified
10.31 Application for exemptions. .a production or utilitation facility in paragraph (a) (1) (2) or (3) of this
19.32 Discrimination prohibited. g pursuant to Part 50 of this chapter and section is not practicable, the licensee

Authority Seas. 53,63. 81.103.10L 101,186, , licenses to possess power reactor opent may post a notice which describes the
to Stet. sao.933.933.936.937.948.955,se * fuelin an independent spent fuel storage document and states where it may be
amended, sec. 234. 03 Stat. 444. as amended installation (ISFSI) pursuant to Part 72 e m nined
(42 U.S.C arn, acos. 2111,2133,2134,2201' of this chapter. "1.icensee" means the
asas. 22a2); sec sol, se Stat.1242. as

hoider of such a 11 cense.
~

amended by Pub. I. 9649, es Stat. 413 (42 7

(c) Each licensee and applicant shallU.S.C sa41k Pub.1. 95 401. sec.10,92 Stat. =

se61(42 U.S.C 5a51). (e) * Restricted area" means any area poet Form NRC-3 (Revision Ek 42 or-

.O For the purposes of sec. 223,68 Sist. 958. es access to which is contm!!ed by the 11* later)" Notice to Employees'" as-i amended (42 U.S.C 22?3): ll 19.11(a). (c). (d),
censee for purposes of p*otection of in E Wred by % 2'er, M'

s g% and (e) and 19.12 are leaved under sec. telb.
dividuals from exposune to radiation and, g and 150 of this e,hopt'

as Stat. 948, as amended B2 U.S.C 2201(b)); radioactive materials. " Restricted area
and || 10.13 and 19.14(e) are issued under shall not include any areas used as rest- =

(d) Documents, nctices, or formssec.1810. 88 Stat 960, as amended (42 U.S.C * dential quarters, although a separate
N posted pursuant to this section anall ap.

22o1(o)). N room or rooms in a residential building Pear in a sumulent number of places tomay be set apart as a restricted area.
g permit individuals engaged in licensed-

$ 19.1 Purpose. m g 19.4 Interpretations, activities to observe them on the way to
The regulations in this part establish R Except as specifically authorized by the or from any particular licensed activity

requirements for notices, instructions, Commission in writing. no interpretation location to which the document applies,
and reports by licensees to individuals of the meaning of the regulations in this shall be conspicuous, and shall be re-

, participating in licensed activities, and part by any omcer or employee of the placed if defaced or altered.
E options available to such individuals in Commission other than a written in. (e) Commission documents posted

- # connection with Commission inspections terpretation by the General Counsel will pursuant h paragraph (a)(4) of this

&'of licensees to ascertain compliance with be recognized to be binding upon the ,, section shall be posted within 2 working i

e the provisions of the Atomic Energy Act Commission. g days after receipt of the documents from
* of 1954, as amended. Title II of the En- - N the Commission: the licensee's response,

- e w n w r ingergy Reorganization Act of 1974, and reg- - 2
19 95 Communlenti ns. m days af ter dispatch by the licensee. Suchulations, orders, and licenses thereunder

regarding radiological working condi. Except where otherwise specified in R documents shall remain posted for a
Jgons. t'11s part, all communications and reports minimum of 5 working days or until ac.

* concerning the regulations in this part tion correcting the violation has been
E should be addressed to the Director, Of- completed, whichever is ! ster.-

2 Scope, e fice of Inspection and Enforcement. U.S. $ 19.12 Instructions to workers,
b The regulations in this part appy to all w Nuclear Regulatory Commission, Wash * All individuals working in or frequent.persons who receive, possess, use, or o incton, D.C. 20555. Communications, re- ing any portion of a restricted area shall
transfer materiallicensed by the ports, and applications may be delivered

be kept informed of the storage'Is or oftrans.. Nuclear Regulatory Commission in person at the Commission's of5ces at fer or use of radioactive materia
; pursuant to the regulations in Parts 30 1717 E Street. NW., Washington D.C.: radiation in t.uch portions of the re-
;; through as.40.4c.n,to or fl or this r at 7920 Norfolk Avenue, Bethesda. stricted arer.: shall be instructed in theIdarYl8nd- health pr tecti n problems associatede chapter, including persons licensed to

** * * * ' " " * 8"# #"dIO"*IIY' ""t*** operate a production or utilization rials or rad.lation, in" precautions or pro-
"

* g,cigity pursuant to Part 50 of this"

cedures to minimize exposure, and in the
chapter and persens Jicensed to possess purposes and functions of protective de-
power reactor spent fuelin an vices employed: shall be instructed in.

% independent spent fuel storage and instructed to observe, to the extent

-,[Q\ installation (ISFSI) pursuant to Part 72 within the worker's control, the applica-
,,,of this chapter, W W na of commission ngulations

gg.
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PART 19 o NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS; INSPECTIONS

and licenses for the protection of per. report shall be transmitted at a time deliberately interferes with a fair and
sonnel from exposures to radiation or not later than the transmittal to the orderly inspection. With regard to arena i

radioactive matertsis occurring in such Commission, containinr, .nformation classified by an j
agency of the U.S. Government in the '

areas; shall be instructed of their re. -
interest of national security, an individ. isponsibility to report promptly to the 11 - (e) At the request of a worker wno is ual who accompanies an inspector may I

censee any condition which may lead to terminating employment in a gn.en have access to such information only if |or cause a vloistion of Commission regu. calendar quarter with the bcensee in authorised to do so. With regard to any llations and Itcenses or unnecessary es,
posure to tr.diation or to radtonctive ma. work invohmg radiation dose, or of 4 area containing proprietary information, i

terial; she be instructed in the appro- worker who, wn11e employed b) another the workers' representative for that trea |

priate response to warnings made in the person,is termmating assip.: Dent to shall be s's individual previously author. '

event of any unusual occurrence or mal. work involvmg radiation dose in the tred by the licensee to enter that area. 1

function that may involve exposure toj: licensee's facilify in that calendar $ 19.15 Consultation with workers dur.
radiation or radioactive material; and quarter, eachlicensee shallprovide to ing inspections.

sha.ll be advised as to the radiation eg. [ each such worker. or to the worker's (a) Commission inspectors may con.

posure reporta which workers may re, w designee, at termmation, a wntten sult privately with workers concerning j

i report regarding the radiation dose matters of occupational radiation protec.
' received by that worker from operations t1{n ajd o e,r t,te a ate,d to ,

.

th co s c e u
ate with potential radiological health of the licensee durmg that specifically lations and licenses to the extent the in.
protection prob'ams in the restricted identified calendar quarter or fracnon spectors deem necessary for the conduct
area. thereof, er provide a wntten estunate of of an effective and thorough inspection. |

5 19.13 Notifications and reports to in, that dose if the finally determined (b) During the course of an inspection
dividuals, personnel momtoring results are not any worker may bring privately to the

(a) Radiation exposure data for an available at that time, Estimated doses attention of the inspectors, either orally

individual, and the results of any mens. shall be clearly indicated as such. or in writing, any past or present condi.
tion which he has reason to believe mayurements, analyses, and calculations of

- have contributed to or caused any vlo.
-

radioactive material depostted or re.
tained in the body of an individual. shan 6 19.14 Presence of representatives of lation of the act, the regulations in this

be reported to the individual as specified Incensees and workers during inspee, chapter. or license condition, or any un.
in this section. The information reported tions. necessary exposure of an Individual to

radiaWn kom Mcmed radioah ma.shall include data and results obtained (a) Each licensee sht.11 &Nord to the W s em to . Anypursuant to Commission regulations, or. Commission at all reasonable times op.
dets or 11 cense conditions, as shown in such notice in writing shall comply with

portunity to inspect materials, activities' the requirement 3 of i 19.16(a),records maintained by the licensee pur.
suant to Commission ngulations. Each facilities, premises, and records pursu. g) .*he provisions of paragraph (b).

, notification and report shall: be in writ. , ant to the regulations in this chapter,(b) During an inspection. Corm *1on ' of this section shall not be interpreted asing: include appropriate identifying data g authorization to disregard instructions
g such as the name of the licensee, the N inspectors may consult privately with pursuant to 119.12.n

E name of the individual, the individual'ssocial security number; include the indt. g workers as specified in i 19,15. The 11. g g 19,16 Requeste by workers foe inspee.
r Ucensefs representaun may tion

R vidual's exposure information; and con. g[cwee"* 7' (a) Any worker or representative oftain the following statement: othe hase a insp lon
workers who believes that a violation ofThis report is furnished to you under the provi- (c) II. at the time of inspection, an

sions of the Nuclear Regulatory Cummission resu- individual has been authorized by the the Act, the regulations in this chapter,
or license conditions exists or has oc.lation to Cf'R Part 19. You should preserve this workers to represent them during Com.

ceport for further reference, mission inspections, the licensee daH curred an license activities with regard to
radiological working condluons in which(b) At the request of any worker, each notify the inspectors of such authoriza. the worker is engaged, may request an

licensee shall advise such worker annu. tion and shall give the workers' repre. inspection by giving notice of the allegedtily of the worker's exposure to radiation sentative an opportunity to accompany
or radioactive material as shown in rec. the inspectors during the inspection of violation to the Director of Inspection and En-
ords maintained by the licensee pursu. physical working conditions. forcement, to the Director of the appro-

ant to i 20.401(a) and (c), (d) Each workers' representative shan priate Commission Regional Ofice, or to
(c) At the request of a worker former. be routinely engaged in licensed activt. Commission inspectors. Any such notice

ly engaged in licensed activities con. ties under control of the licensee and shall be in writing, shall set forth the

trolled by the licensee, each licensee shall shall have received instructions as spec, specific grounds for the notice, and shall
furnish to the worker a report of the ified in i 19.12. be signed by the worker or representa.

worker's exposure to radiation or radio. (e) Diferent representatives of 11 tive of workers, A copy shall be provided
active material. Such report shall be fur. censees and workers may accompany the the licensee by the Director of Inspection and
nished within 30 days from the time the ' inspectors during d15erent phases of an Enforcement, Regional Office Director,
request is made, or within 30 days after inspection if tt/e is no resulting inter. or the inspector no later than at the time
the exposure of the individual has been ference with the conduct of the inspee. of inspection except that, upon the re.

determined by the licensee, whichever is tion. However, only one workers' repre. Quest of the worker giving such notice,
later; shall cover, within the period of sentative at a time may accompany the his name and the name of individuals
time specified in the request, each calen. inspectors, referred to therein shall not appear in

dar quarter in which the worker's ac. (f) With the approval of the licensee such copy or on any record pubitshed,
tt'Ilties involved exposure to radiation and the workers' representative an in. released, or made available by the Com.
from radioactive materials licensed by tiividual who is not routinely engaged mission, except for good cause shown.
the Com'nission; and shall include the in licensed activities under control of (b) If, upon receipt of such notice, the
dates and locations of 11aensed activities the license, for example, a consultant Director of Inspection and Enforcement or Re-
in which the worker participated during to the licensee or to the workers' repre. gional Office Director determines that
this period, sentative, shall be acorded the oppor* the complaint meets the requirements set

td> When a licensee is required pur. tunity to necompany Commission tnspec* forth in paragraph (a) of this section,
suant to 120.405 or 7 20.408 of this chap. tors during the inspection of physicar and that there are reasonable grounds to
ter to report to the Commission any ex. working conditions. believe that the alleged violation exista
posure of an individual to radiation or (g) Notwithstanding the other provi* or has occurred, he shall cause an in.
radioactive material tne licensee shall stons of this section, Commission inspec- spection to be made as soon as practica.
also provide the individual a report on tors are authorized to refuse to permit ble. to determine if such alleged violation
his exposure data included therein. Such accompaniment by any individual who exists or has occurred. Inspections pur.

September 1,1982 $2

- . - .



. - . . - - . .-

,

;

.s-

PART 19 * NOTICES, INSTRUCTIONS, AND REPORTS TO WORKERS; INSPECTIONS

v e ant 2 mis .ecusa nees n.4 w umnos .
!

'
. to matters referred 2 in the semplatnt. r I 19.30 Violations. r:i

'

I
I ;

. $ 19.17 laspeetleas not weeeentedt in, An injunction or other court order may .
e be obtained prohibiting inny Violation of

(a) If a f Inspection and Enforcs- g any proMon of the Act M Tiue II of
nwns or of the oppmpnate Regional the Energy Reorganization Act of 19'i4
OSles determines, with respect to a com. g or any regulation or order tasued there.
plains under i19.10. that an inspecuen under.
la not warranted because there are no -

Masonable grounds to believe that a vio A court
lation exista er has occurred, he shau no.". - ortler may be obtained for the payment
tify the complainant in writing of such M a su Wty imposed pursuant to

section 234 of the Act for violation of sec.

f0 or 09 of the I
412 suc on y rule .'s ung a wrtMen statement of peal. r

tion, or order lasued thereunder, or any
CoS i n term, condition or limitation of any 11''U clear

ton D.C. 20551uwho will provide the licensee cense laeued theMunder, w fM any 2
with a copy of such statement by certi. lation for which a license may be revoked
fled mail. excluCng, at the request of the ' under section 186 of the Act. Any person
complainant. the name of the complain. O who wulfuHy elates any PMMen of
ant. The licensee may submit an oppos. g h Act M any Wa@n w e hding written statement of position with thereunder may be guilty of a crime sad,
the Executive Director for Operations who will [ upon conviction, may be punished by fine
pmvide the complainant with a copy of such g or imprisonment or both, as provided by
statement by certified mail. Upon the request 1sw,of the complainant, the Executive Drector for
Operations or hu designee may 519.31 - Application foe exemptions.
hold an informal conference in which The Commission may, upon applica.
the complainant and the licensee maF tion by any licensee or upon its own in-orally present their views. An informal

,., conference may also be held at the re. itiative, grant such exemptions from the
E quest of the licensee, but disclosure of the requirements of the regulations in this
N identity of the complainant will be made part as it determines are authorized by
e only following receipt cf written author. law and will not result in undue hazard

ization from the complainant. After con. to life or property.
S

M sidering all written and oral views pre. ""
~

sented. the Executive Director for Operations $ 19.32 Discriminellon prolilbited.
shall affirm, modify, or reverse the determina. s

- gg tion of the Drector of Inspection and Enforce. No person shall on the ground of sex
be excluded from participation in. be de.

k OfSee and fu nied the benefits of, or be subjected to! la tandN
-

the !!censee a written notification of his discrimination under army program or ac.
decision and the reason therefor, tivity licensed by the Nuclear Regulatory

(b) 11 the Drector of Inspection and Enforce. Commission. This provision will be en.
ment or of the appropnate Regional Z forced through agency provisions and
Of!!ce determlaes that an inspection is E rules similar to those already established,
not warranted because the requirementa m with respect to racial and other discrim.

i of i 19.16ta) have not been met, he shall * ination, under title VI of the Civil Rights
notify the complainant in writing of ? Act of 1964. This remedy is not exclu.
such determination. Such determination sive, however, and will not prejudice or
shall be wit.hout prejudice to the filing of cut off any other legal remedies avail.
a new complaint meeting the require. able to a discriminatee.,menta of i 19.16(ab -

.

$ 19Je Employee prosession.
i Employment discrimination by a

,,, licensee or a contractor or subcontractor3
R of a licensee against an employee for
a engaging in protected activities under
* this part or Parts 30. 40. 80, so,70. 72, or
{180 of this chapter is prohibited.

i j

.|

) ~ t\
|

19 3 December 30,1982(reest)
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L Appsndix U

UNITED STATES NUCLEAR REGULATORY COMMISSION

'S RULES and REGULATIONS 1

f TrTLa to CHAPTER 1. CODE OF PEDERAL REOULATIONS-ENERGY
.

PART STANDARDS FOR PROTECTION AGAINST RADIATION
20

should, in addition to complying With
PART 20-STANDARDS POR E"ro"*wt8'T the recuirements set forth in this

PROTECTION A$AINST RADIATION 20.601 Violations. part, make every reasonable effort to '

AnrNorx A-(Reservedl maintain radiation exposures, and re.
OursaAL PRoV! stone AretNetx B-CONCENTaATIoNs IN Ata AND leases of radioactive 7nattrials in ef-

g wArtR Asovt NATURAL 8ACRchoUND fluents to unrestricted areas, as low as
ArrNorx C is reasonably achievable. The term "as201 Purpose

20.2' scope. ' An Naix D-UNatte StAtts NOCuAn Reco. low as is reasonably achievable" means
LAtoRY CouwissioN. INsrECfloN AND EN. as low as is reasonably achievable20.3 Defin1 Mons. roncturNT RtctnAL Orners20.4 Units of radlauon dose, taking into account the state of tech-

20.8 Units of radioscuvity. Audiestey: seen, as, es, es, et. tea toe, tel, nology, and the economics of improve.
20.6 Interpretauons. es seat om sea, sea,ses, er,en a ments in relation to benefits to the20.'f Communleauona. amended. (4s UAC mrs, mes, aoss, sitt. public health and safety, and other so -

SS "su, cietal and socioeconomic : consider-Psamisstou Dosas,lavuu Ans a t- t m attons. and in relation to the utilisa-
. CoNCsNTaAMoNs pyg,( gg.pg g ggg( ggg ggg g,g,g gggg,

20.101 Radlauon dose standards for indi. sees, seesk h M aWC enW M W PM W
viduals in restricted areas. por the purpeces of sea Sas, se Stat sea se d'I'8I.20.102 Determinauon of prior dose. -M le UAC aarsk il aset. mtes' 8 20.2 Scope.20.103 Exposure of individuals to concen. an,tos(a) (b), and (f). m.tes (e) and (bh
trations of radioacuve matertals in air in mios(bh stantek soJot. ao.aosts), mass, The regulations in this part apply to
restricted areas. - saaer,mapi. mass.anaos and mas are all persons Who receive, possess, use,

20.104 Exposure of minors, leemed under sea, mb. u seat sea, as or tranafer material licensed pursuant
20.106 Permissible levels of radiation in un- anseded, le UAC ast(b)) and it an.nos, to the regulations in Parts 30 throughrestricted areas. . auce(ek aneet meer, nece(b) and so.ees - 3 3$,eo.co.6 ,70,or12 of this chapter,in.20.1 Rada acuvity in effluents to unres. ,,e teeund moder see. ma as sist. sea u icluding persons licensed to operate a

****d*d- (8 USC 885(*13-D1 20.101 Medical diagnosis and therapy. a production or utilization facility pur-
g 20.10s Orders requirins furnishing of bio. * suant to Part 50 of this chapter and
s./ assay servlees. OcmL PaovistoNs a

persons licensed to possess power reaC-
3 20.1 Purpose. tor spent fuel in an independent spent

PascAvrionaar Pacemeans fuel storage installation (ISTSI) puru.(a) The regulations in this part es-20.201 surveys. sant to Part 72 of this chapter., tablish standards for protectiong20.202 Personnelmonitortns.
20.203 cauuon signs, labels, signals and e against radiation hazards arising out

controls. [ of activities under licenses issued by
,,,

20.204 Same: excepuuns. O the Nuclear Regulatory Commission
20.205 Proceduru for pteking up. receiving, and are issued pursuant to the Atomic { 20.3and openins pactases. Energy Act of 1954, as amended, and
20.20e Instrucuan of personnel. the Energy Reorganization Act of $ 20.3 Definitions.20.207 Storage and control of Ilcensed ma- 1974.

terials in unrestrteted areas. (a) As used in this part, !.

Wasts Disposal iD) The use of radioactive maternal (1) "Act" means the Atomic Energy |
'

20.301 Oeneral requirement. or other sources of radiation not lj. Act of 1954 (68 Stat. 919) including
20.302 Method for obtaining approval or censed by the Commission is not sub. any arnendments there o,

J,,

proposed disposal procedures. ject to the regulations in this part. *g (2) Airborne ta
20.303 Disposal by release into sanitary However,it is the purpose oi the regu. 3 means any radioactive mater dis-

E lations in this part to control the pos,*e persed in the air in the form of dusts,sewerase systems.
E session, use, and transfer of licensed fumes. mists, vapors, or gases;20.305 Treatment or disposal by inciner.

material by any licensee in such a S (3)" Byproduct material means anyauon. a20.306 Disposal of specific wastes. s manner that'the total dose to an indl. radioactive material (except special _
20.311 Trsniter for disposal and manifests- ? VIdual (including exposures to licensed nuclear material) yielded in or made

Recoass, Rarcars, Awa NortricArton ano un!! censed radioactive material " V
eiden to t e proce of pro-t r le so e20.401 ecords urveys, radlauon moni. due g or utilizing special nuclear ma.d i p

20.402 Reporta of theft or loss of licensed the licensee or any other person, but *

raaterial. not including exposures to radiation -
g) ., Calendar quarter" means not

See, from natural background sources or 'ess than 12 consecutive weeks nor20.403 Notifications of incidents. medical diagnosis and therapy) does *

more than 14 consecutive weeks. The20.404 (Reserved) not exceed the standards of radiation first calendar quarter of each year )$., t,'an cc ent$1o n de -

rotection prescribed in the regula- . shall begin in January and subsequent 1

20.406 (Reservedl tions in this part. " calendar custters shall be such that f
20.40s Reports of personnel monitoring on | (c)In accordance with recommenda k no day is ircluded in more than one20.407 Personnel monitorins teports.

termination or employment or wort. tions of the Federal Radiation Coun. s' calendar gi.arter or omitted from in-*

, engaged in activities under licenses h' clusion within a calendar quarter. No[m) cil, approved by the President, persons20.409 Notificauons and reports to individ. licensee shall change the method ob.vals.
served by him of determining calendar Iissu t ear eExerrTrons AND ADDIT 1oMAI. RsectaratzwTs qua s except at the beginning of a

C p
N yA 0f,',*gDjlors. Energy Act of 1954, as amended and " '

,3
' the Energy Reorganization Act of 1974

May 31,1983 (reset)2N
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PART 20 o STANDARDS FOR PROTECTl3N AGAINST RADIATION
c (5)" Commission" means the Nuclear - (13) " Radioactive material" inclu $ ' at 1237, 42 U.S.C. 5314) and retrans.

|
Regulatory Commission or its duly au. any such material whether or ts fured to tM 8ecretary of Enugy pw.

' th:rised representatives; ject to licensing control by I suant to eection 301(a) of the Depart.
misalon; a ment of Enetty Organization Act=

Wb. L M M Stat. SM st SmlM,
[ 14)" (6)"Oovemment agency" means any
tres access to which is controlled by (42 U.S.C. 7151).( " Restricted tres" means anyexecutive department, commission, in.

dependent establishment, corporation,
wh!11y er partly cwned by the United , the licensee for purposes of protection (19) " Termination" means the end

>1

l

Stites of America which is an instru. of individuals from exposure to radi.
Re. :~ of employment with the licensee or,inmentality of the United States, or any ation and radioactive materials.shall not include any ;; the case of individuals not employed

, board, bureau, division, service. Office, e stricted area' by the licensee, the end of a worlt as.trens used u residental quarters, al-
g efficer, authority, administration, or g though a separate room or rooms in a ! signment in the licensee's restricted

other establishment in the executive areas |n a given calendar quarter,*

f branch of the Government; residential building may be set apart - withrut expectation or specific sched.
_g (7) "Indivictual" means any human ,,,,as a restricted tres: uling of reentry into the licensee's re.

being; stricted tress during the remainder of
(B) " Licensed material" means ,, that calendar quarter.

source material, special nuclear mate,
rial, or by. product . material received. =

tb) Definitions of certain other
poss:ssed, used, or transferred under a words and phrases as used in this part
general or specific license issued by are set forth in other sections, includ.-the Commisalon pursuant to the regu- (15) " Source material" means: (1) ing:

,lations in this chapter; Uranium or thorium, or any combina. (1)"Altborne radioactivity area" de.
,

g tion thereof, In any physical or chemi- fined in i 20.203;
3 cal form; or (11) cres which contain by (2) "Raciation tres" and "high radi.
s weitht one twentieth of one percent ation area" defined in i 20.202;

(0.05%) or more of (c) uranium, (6) (3) " Personnel monitoring equip-- - -

*

3 (9) " License" means a license issued a thorium or (c) may combination there' ment" defined in i 20.202;
I under the regulations in Parts 30 of Source material does not include (4)"3urvey" defined in i 20.201;

,

,

; through as.40.60.61,to or M of this specitl nuelene material. (5) Units of measurement of dosechapter. " Licensee * means the holder (rad. rem) defined in i 20.4;
-

a
ci such license.:: (6) Units of measurement of radioac.

* tivity defined in i 20,5.

"" elo) " Occupational dose" includes I 20A Units of radiation dose.
exposure of an individual to radiation "- (a) " Dose," as used in this part, is
(1) in a restricted area; or (11) in the (16) "Special nuclear material" the quantity of radiation absorbed, per

means: (1) Plutonium, urardum 233,, course of employment in which the in., it of mus, by tM Mdy or by my

radittion, provided, that " occupational * in the isotope 235, and any other ma. | unuranium enriched in the isotope 233 or ' portion of the body, When the regula.g dividual's duties involve exposure to tions in this part specify a dose during
2 dose" shall not be deemed to include | terial shich the Commission, pursuant *s a period of time, the dose means the

g (any exposure of an individual to radi e to the provisions of section 51 of the g total quantity of radiation absorbed,i

tiin for the purpose of medical ding. * act, determines to be special nuclear pu unit of mass, by tM Mdy or by I

nosis or medical therapy of such indi. 2 material, but does not include source any portion of the iody during such
'

material; or (11) any material artificial. period of time. Several different units I,,vidual. ly enriched by any of the foregoing of dose are in current use, Definitions
'

J t does not include source matulat of units as used in this part are set(11) " Person" means: (1) Any individ-
forth in paragraphs (b) and (c) of this

ual, c rporation, partnership, firm, as. [ar(ea )ac" cess to which is not controlledsoc 11 tion, trust, estate, public or pri. 17 Unrestricted tres" means any section.
(b) The rad, as used in this part, is avite institution, group, Oovernment

agency other than the Commission or h by the licensee for purposes of protec- measure of the dose of any ionizing ra.
thi Department (except that the De. z tion of individuals from exposure to dittion to body tissues in terms of the
partment shall b= considered a person * radiation and radioactive materials, energy absorbed per unit mass of the
within the meaning of the regulations 4 and any tres used for residential quar- tissue. One rad is the dose correspond.

2 in this part to the extent that its facil. { ters. Ing to the absorption of 100 ergs per,

e itles and activities are subject to the 11 gram of tissue. (One millirad
U censing and related regulatory author. (mrad)=0.001 rad.)-

(18) ,' Department,, means the De' (c) The rem, as used in this part, is aI' ity of the Commission pursuant to sec. partment of Energy established by the measure of1he dose of any lonizing ra.titn 202 of the Energy Reorganization Department of Energy Organization distion to body tissues in terms of itsAct cf 1974 (88 Stat.1244)), any State. Act (Pub. L. 95-91. 91 Stat, 565, 42 estimated bfological effect relative to aany foreign government or nation of
U.S.C. 7101 ef sec.) to the extent that dose of one roentgen (r) of X rays.any political subdivision of any such the Department, or its duly authorized (One millirem (mrem)=0.001 rem.)government or nation, or other entity;
repusentatives, exercises functions The relation of the rem to other dose I

| and (ii) any legal successor, repre- ; formerly vested in the U.S. Atomic units depends upon the biological |( sentative, agent, or asepcy of the fore- ; Energy Commission, its Chairman, effect under consideration and upon
, going.
1 - members. officers and components and the conditions of irradiation. For the

(12)" Radiation" means any or all of f transferred to the U.S. Energy Re- purpose of the regulations in this part,
Fthe following: Elpha rays, beta rays. ; search and Development Administra- any of the following is considered to

a' gamma rays, X rays neutrons, high- tion and to the Administrator thereof be equivalent to a dose of one rem:
9 sperd electrons, high speed protons, pursuant to sections 104 (b), (c) and (1) A dose of I r due to X- or

i E and other atomic particles; but not (d) of the Energy Reorganization Act gamma radiation;
( . sound or radio waves, or visible, in- of 1974 (Pub. L. 93-438, 88 Stat.1233 (2) A dose of 1 rad due to X .

frarsd, or ultraviolet light; gamma, or beta radiation:

'
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION

(3) The licensee has determined the
~

N (3) A dose of 0.1 rad due to neutrons I 20.6 Interpretations'
or high enetgy protons- individual's accumulated occupat oni

'

(4; A dose of 0.05 rad'due to particles t Except as specifically authorized by dose to the whole body on Form NRC-
heavier than protons and with suffi g the Commission in writing, no inter.1 4. or on a clear ano legible record cun-
cient energy to reach the lens of the [ lations in this part by any officer orpretation of the meaning of the regu Te taining all the information required inthat form: and has otherwise compliedeye; If it is more convenient to meas- a
ute the neutron flux, or equivalent, R employee of the Commission other ' with the requirements of i 20.102. As ;

than to determine the neutron dose in than a written interpretation by the : used in paragraph (b). " Dose to the !

rads, as provided in paragraph (c)(3) General Counsel will be recognized to whole body" shall be deemed to in- ,

of this section, one tem of neutron ra _be binding upon the Commission. clude any dose to the whole body, j

diation may, for purposes of the regu- gonads, active blood. forming organs,
lations in this part, be assumed to be " head and trunk, or lens of eye,
equivalent to 14 million neutrons per
square centimeter incident upon the 6 20.7 Communications,
body; or, if there exists sufficient in- Except where otherwise specified in *6 W02 Numination of mor hu. ;

i

formation to estimate with reasonable this part, all communications and re-
accuracy the approximate distribution ports concerning the regulations in (a) Each licensee shall require any
in energy of the neutrons, the incident 2 this part should be addressed to the individual prior to first entry of the
number of neutrons per square centi ; Executive Director for Operations, individual into the licensee's restricted
meter equivalent to one tem may be a U.S. Nuclear Regulatory Commission, area during each employment or work
estimated from the following table: * Washington, D.C. 20555. Communica. assignment under such circumstances ;

E tions, reports, and applications may be that the individual will receive or it i

NEvTRON FLur Dost EouivAtem.s delivered in person at the Commis. likely to receive in any period of one j
sion's offices at 1717 H Street NV7., calendar quarter an occupational dose ;

I ,.7 M 'ia A.+.o. m. Washington. D.C.; or at 7920 Norfolk in excess of 25 percent of the applica-
** ''"***'" ble standards specified in i 20.101(a)

,f'*|,"',''',,
; "*,'*f ''

~ Avenue, Bethesda. Marylrund. and i 20.104(a), to disclose in a writ.
1

,- *
e hesaa u g, wee '

E ocse os i ,vr taewo* ten, signed statement, either: (1) That
* '

5- 77' PEnutsstatt Dosts Levets, aNo the individual had no prior occupa-
f CONCENTRATIONS E tional dose during the current calen-,

Q' - _ ,

"g'*y|( y 5 20.101 Radiation dose standards for in.* dar quarter, or (2)
* * * ' C * * - 8 the nature and

4

amount of any occupational dose j, .
o ca _ __ _ 4m m io*. ano dividuals in restricted areas. Which the individual may have re-

'

*

Q --

]", y* | y (a)In accordance with the provistoru ceived during that specifically identi-
iol _ n io., ,,e of i 20.102(a), and except as provid 1 fled current calendar quarter from

n io*, re i in paragraph (b) of this section, no 1.. sources of radiation possessed or con-n n s .. _ _
' N 2' is; censee shall possess, use, or transfer 11 trolled by other persons. Each licenseeV)

50 - -

N.' $ ;'. y ; censed materialin such a manner as to shall maintain records of such state-
|

i

o _

ic io so .
_

te . ios io , cause any individual in a restricted ments until the Commission author-. . ,

area to receive in any period of one ites their disposition.
.

calendar quarter from radioactive ma- (b) Before permitting, pursuant toid) For determining exposures to X terial and other sources of radiation a i 20.101(b) any individual in a restrict-or gamma rays up to 3 Mev, the dose total occupational dose in excess of ed area to' receive an occupational ra-
fng table * " " #' *1 si a b assu d o be equ

alent to the " air dose" For the pur u. specified in | 20.101(a), each licensee
pose of this part "atr dose" means that shall:
the dose is measured by a properly

calibrated appropriate instrument in 7 Aws PER CALENDAR OvaRTER (1) Obtain a certificate on Form
-

air at or near the body surface in the $' % 7 '/7" 7 '7ElNR C-4, or on a clear and legible* gion of highest dosage rate're
record containing all the information 's ,, , . , , . , . . ,o , u.

*: man eac i isi. required in that form, signed by the
Rs s..a os .no. rum iw ana s ."

8 20.5 l' nits of radioactivity. L.
_- N individual showing each period of timee coov _

after the individual attained the age
(a) Radioactivity is commonly, and of 18 in which the individual received_

for purposes of the regulations in this , an occupational dose of radiation; and
part shall be, measured in terms of dis. (b) A licensee may permit an indh'id- (2) Calculate on Form NRC-4 in ac.A integrations per unit time or in curies. y ual in a restricted area to receive a { cordance with the instructions ap ear-. total occupational dose to the whole eg curie = 3.7 x 10 " disintegrations body greater than that permitted. One inE therein, or on a clear and legibles

ree rd containing all the informationper second (dps)=2.2x10'8 disintegra a under paragraph (a) of this section,
g; tions per minute - (dpm).used submultiples of the curie are the |' provided:

required in that form, the previouslyCommonly
accumulated occupational dose re-(1) During any calendar quarter the

millicurie and the microcurie: total occupational dose to the whole ceived by the individual and the addl.
(1) One millicurie (mCl) 8- 0.001 body shall not exceed 3 rems; and tional dose allowed for that individual|

I curie (Cl) i= 3.7 x 10' dps. under i 20.101(b).-

| (2) One microcurie (uC1) ' = 0.000001 - (2) The dose to the whole body, (c)(1) In the preparation of Form
'

_ curie = 3.7 x 10' dps, when added to the accumulated occu- NRC-4, or a clear and legible record
pational dose to the whole body, shall containing all the information re-
not exceed 5 (N-18) rems where "N" quired in'that form, the licensee shall

(b) (Deleted do FR So7041 equals the individual's age in years at make a reasonable effort to obtain re-n
g i his last birthday: and ports of the individual's previously ac.
'} (c) | Deleted 39 FR 239901 cumulated occupational dose. For each;

period for which the licensee obtains

20 3 September 1,1962
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PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION
wot6d result from inhalation of such

such reports, the lleennee shall use the manner as to permit any indivacual m
material for 40 hours at the uniform'

a restricted wet to inhale a Quantitydose shown in the report in preparing of such material in excess of the concen'.4stions specified in Appendix
Intake limits specified in Appendix B. B. Table 3. Column 1 as is rettonablythe form. In any case where a lleenace

D unable to obtain reports of the indl. Table 1. Column 1 of this part. If such .Schievab)e. Whenever the intake of ra.
vidual's occupationti doet for a previ. soluble urtalum is of a form such that 2 dioactive materitt by any individual
ous complete calendar quarter. it eht11 absorptfort through the skin is likely,2 exceeds this 40.hout control soensure,
be tasumed that the individual has re. individual exposures to such material a the licensee shall make such evalut.
t.elved the occupation 62 dose specified thM1 be controlled so that the uptake I tions trad take such actions as are nec.

4

in whichever of the following columns of such mater'kl by any orskn from * esstry to assure against recurr.'nce.The licensee shall matntair. records ofapply: either inhalation or absorption or such occurrences, evtluttions, and ac.
both routes of intake' does not exceed tions taken in a clear and readily iden.

C**"7m that which would result from Inhaling tifiable form suitable for summary
*'-cown w

e's'I"'**"**
such materia,1 at the limits specified in review and evaluation.Y e*

E"'* '" Appendix B. Table 1. Column 1 and
'

we,n ,% '**"*", ,

, j , , , , , , , , , , , ****""e** footnote 4 thereto.
! .

o ma i. Tw? (3) For purposes of determining (c) When rupitetory protective'"' )

[ compliance with the requirements of equipment is used to Last the inhalellon
this section the licensee shtil use suit. of airbome radioache matenalI *a** **8t . mest
tble measurements of concentrations regraph(b (t)of thle
of rkdlotetive materitis in Air fcr de.; pursuanttoD eY'",.'"."' *

""*' "'"'"'
tecting and evaluating tirborrie radio.; section.the icenwe sha une equipment

' sg n
tetivity in restricted tress and in addl. that is certtfled or had cerufication
tion, as appropriate, shkil use mess. g extended by the NationalInstitute forurements of radioacth'ity tri the body. OccupationalSofety and Health /Mine

*

measurements of radlonctivity excret. *
Safety and Health Administration

fse(rv)e records used in preparing Form2 The licensee she.11 rettin and pre.
ed from the body, or any combination '

(NIOSH/MSHA).The licensee may
take allowance for this use of

, NRC-4 until the Commission author. of such met urements as may be nee. respirotory protective equipment in
,1ses their disposttlen. | essary for timely detection and assets, estimating exposures of individuals to

gment of individual intakes of radioac. this metenal ptovided that
,

,,tivity by exposed individutts. It is ts.
*tumed that an indindual inhales rt.
!tilotett'.'e materitl at the altborne con. ' '

Nse'ou"atnakts
,

T! calculation of the individual's secu. geentration in which he is present tium o i va r
mulated occupational dose for all pert. unless he uses respiratory protective skm absorpuon and muom tu mi
ods prior to January 1.1961 yields a eculpment pursuant to paragraph (c) . intake permitted is twice that mhtch sould

Ij result higher than the applicable accu.of this section. When assessment of & 2 result from mhalauon alone at the concen.trauon speethed for II 3 8 in Appendix B.g muisted dose value for the individut! particular individual's intake of radio. [ Table !. Column i for 40 hours per week for
active materit) is necessary, intakes ,gg as of that date, as specified in part.traph (b) of I 20.101, the excess may less than those which would result . la meeks.'y'or radon-222. the Itmitins cuantity is

be disregarded * from Inhalation for 2 hours in any one ; that inhaled in a perice of one calendar,

l day or for 10 hours in any one week at
$"u'$'' n'the ' Isotope **

' $' t
uniform concentratiorts specified in Iu of t at e,

I l 20.103 l'sposure of Individuals to con. Appendix B, Table 1. Column 1 need the concentrauon value specthed is bued
centrations of redloettive materials in not be included in such saaessment. upon exposure to the material as an ester. '

l alt in restricted areas. provided thr.t for any assessment in nal radtauen source. tneneral exposures to
= (tX1) No licensee sht11 possess. use, excess of these amounts the entire these materials may be accounted for as

or transfer licensed materialin such a amount is included. part of the hmitation on individual dose m
I 20.101. These muchdes shall be subsect tomanner as to permit any individualin (bX1) The licensee shall, as a prectu.

a restricted tret to inhale a Quantity tionary procedure, use process or the precautionary procedures regutred by

of radioactive material in anI Derlod other engineering controls, to the 120 loNDHI).'Muluply the concentration values spect.
of one calendar cuarter greater than extent practicable, to limit concentra. fled in Appendix B. Table t. Column 1. by
the cuantity which would result from tions of radioactive materists in air to s.3 x10' ml to obtam the cuarterly cuanuty
inhalation for 40 hours per week for levels below those which delimit En hmit. Multiply the concentration value spec.

13 weeks at uniform contentrations of airborne radionettvity tres as defined M in Appenox B. Tabte 1. Column 1. by
radioactive material in air specified in in i 20.203(dXIXil)' practicable to apply krnIt fot n 222Appendix B. Table 1. Column 1. '' If (2) When it is im sisntficant intake by ineestion or truec.process or other entmeeting controis uon as presumed to occur only u a result ofthe radioactive materitt is of such to limit concentrations of radioactive circumstances such u accident. anadver.form that intake by absorption material in air below those deihed in tence, poor prbeedure, or stmtlar specialthrough the skin is likely, indhidual i 20.203(dXIXtD, other precautionary conditions. Such intakes must be evaluatedexposures to radioactive material shall procedures, such SA increased surveil,

97r r aIe
"be controlled so that the uptake of rt. lance, limitation of working times, or du e a th car u

[ dioactive material by any organ from provision of respiratory protective stances of the occurrence. Exposures so
evaluated shall be included in determmingg either inhalttion or absorption or eculpment shall be used to maintain whether the bmitation on motvidual expo.both routes of inteke " in any calen. intake of radioactive material !/y any

| * dar Qutr'cr does not exceed that individual within any period of sever. sures in i 20.10Ns x1) has been exceeded.g,
'Resulatory ruidance on usessment of m.E which wt,uld result from inhaling such consecutive days as far below that oe1 r

radioactive material for 40 hours per intake of radioactive material which dus gts es o,i r' ,

Week for 13 weeks at uniform concen. Concepts. Models. Ecuauons and Assump.
trations spect!!ed in Appendix B. tions for a Bionssar Pro. Tam.'' single copies
Table 1. Column 1. of s'htch arv arktlable from the offlee of

(2) No lleensee shall possess. use, or Standards Development, U.S. Nuclear Reru

transfer mixtures of U 230 U 235, and 1 story commission. Washineton. D.C. 20565.

U-238 in soluble fortn in such a
upon s ritteta request.

2M
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PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION i

{O}
(1) The licensee selects respiratory thou opocaned in pendia A of We I (c) The provisions of Il 20.103(bx2)

protecthh n tipment that provides a part in selecttng using roeptretorY f and 20.103(c) shall apply to exposuresoy/ protocuo: hetor gruter then the protective equipment. De Comminston g subject to paragraph (b) of this sec.
multiple by whic.h peak concentratione mey authonH e beenue to un higher 3 tion except that the references in
of airborne radioactive metenais in the protection factore on receipt of an
working area are expected to escud the appucation (1) describing the oltuation E il 20.103(b)(2) and 20.103(c) to Appen.

,, dix B. Table 1. Column 1 shall be
values specihed in Appendix B. Table L for which a need exists for higher , deemed to be references to Appendix
Column 1 of this part.ne equipment so protection factore, and (2) demonstrating | B. Table II Column 1.
Delected shall be used to that the that the respirstc.ry protective L.,

everage concentreUon of recioactive equipment wiu provide tbm higher
meterialin the ett that is inhaled during protection factore under the proposed
any period of uninterrupted use in an conditions of use.
airbome radioecuvity eres, on any day. (e) Where equipment of a particular .I 20.105 Permissible leiels of radiation in

E by any indirtdual using the equipment, type has not been tested and certified. """'tricted areas.
does not exceed the values specified in or had certificeuon extended, by (a) There may be included in any ap-
Appendia B. Toble L Column 1 of this NIOSH/MSHA or where there le no plication ior a license or for amend.

! part. For the purposes of this peregraph. i existmg ocbedule for test and ment of a lleense proposed limits upon
levels of radiation in unrestricte* the concentreLion of tedioactive U oeruncauon of certain equipment, the areas resulting from the applicant,dmaterial in the air that is inbeled when ; licensee eheu not make allowance for s

respiratore are worn may be estimeted a this equipment without specific ponession or use of radloactive mate.
by dividing the ambient concentration in S authonsation by the Commiselon. An rial and other sources of radiation,
air by the protection factor specified in ; application for Es authorisation must Such app!! cations should include in.
Appendix A of thle part. !!the exposure laclude e tiemonstrouon by testing,or formation as to anticipated average ra.
la letet found to be greater than on the basis of reliable test informauon, diation levels and anticipated occupan.

.

eeumated, the corrected value shall be thet the metenal and performance ey times for each unrestricted area in.
wed; if the exposure le later found to be sbmetenstice of the equipment are volved. The Commission will approve
less than estimated, the corrected value capable of providing the proposed the proposed litnits if the applicant
may be md. degree of protection under anticipated demonstrates that the proposed limits

(2) The licensee maintains and conditions of use. are not likely to cause any individual
implements a respiratory protection (f) On! 'quipment that has been to receive a dose to the whole body in
program that includes, as a minimum: opcificaf! cemfied or bed certification a.ny period of one calendar year in
air sampling sufficient to idenufy the extended for emergency we by NIOSH/ . excess of M rnn.
basard, permit proper equipment MSHA shall be used as emergency j Commission pursuant to paragraph (a)

(b) Except as authorized by the
eclection and estimate eaposures:

' devices *,

surveys and blouuye u appropriate to rhe licensee shsti nottry. in writ. e of this section, no licensee shall pos.mevaluate actual exposures, written ing. the Director of the appropriate Nu. "sess. use or transfer licensed material
procedures regardmg selection. fitting. elest Regulatory Comminion Inspection Cin such a manner as to create in any, ,

! and maintenance of respirators, and one Enforcement Regionsi omee usted unrestrieted area from radionettre ma.'

testing of respiratore for operability [njp p ,,t ,,t so,ot|gt terts,1 and other sources of radiation ina et)ess cs s oet
p qimmediately prior to each we: written his possession.ment is nrat used unoer the provtsions

procedurve regarding supervision and of this section (1) Radiation levels which, if an indl.
training of personnel and leeuence vidual were continuously present in-

records: and determineuon by a the area. could result in his reech'ing a
physician prior to inlual un of dose in excess of two millirems in any
respiratore, and at lent enry 12 months one hour. or
thereafter, that the individual user is (2) Radiation levels which. If an indl.

-

3 M# D P """ *f '"I"*"-physically oble to we the respiratory vidual were continuously present in
protecute equipment. (a) No !!censee shall possess. use, t,. the area, enuld result in his receiving a

(3) A written policy statement on transfer licensed material in such a dose in excess of 100 millirems in any
rnpiretot usage shall be issued coverir4 manner as to cause any individual seven consecutive days.
such thingo es: uee of procucable within a restricted area who is under
engineenns controle instead of 18 years of age. to recche in anY (c) In addition to other requirements

,

.o

respiratore: routine. nonroutine. and f,'d et!ve n ate i 1 and f this part, licensees engaged in ura.
emergene use of tespirators: and he sotar es m cyc e mramm suWt to
penods ofreepirator use end rebel from 4of F8 81M in the 1 CCW.s Posses *

-

g "the provisions of 40 CFR Part 1p0I 'roepirator use. The licensee shaU advise 5'th$ $1 Nspe'cIfie$r e !n ; Standards for Nuclear Poser Oper.Environmental Radtation Protectionth aest.h respirator user that the user may *

E paragraph (a) of i 20101(b) No licensee shall phssess, use or |" mleave the tres at any tune for relief from s comm at part.

respirator use in the event of equipment C transfer licensed material in such & -
malfuncuon physical or psychological manner as to cause any individual 3 20.106 Radioactivit3 in effluents to un.distrees. procedural or communication within a restricted area, who is under restricted areas.
failure, significant deterioration of 18 years of age to be exposed to air.
operettng eonditions. or any other borne radioacthe material possessed (a) A licensee shall not possess, use

or transfer licensed material so as tccondiuon that might require such relief. by the licensee in an average concen. I
release to an unrestricted area radiote.(4)The licensee uses equipment tration in execss of the limits specified A tive material in concentrations whichwithin timitations for type and mode of in Appendix B. Table II of this part. j exceed the limits specified in Appen-use and provides proper visual. For purposes of this paragrapn con * a d!x B. Table II of this part, except ascommunication, and other special centrations may be averaged over perj* * authorized pursuant to i 20.302 or

capobihties (such as adequate skin ods not greater than a week. R aragraph (b) of this section. For pur.p
! protection) when needed. '

poses of this section concentrations

- (d) Unlese otherwise authorised by rnay be averaged over a period not

| the Comr:losion, the licensee abau not
greater than one year.,

\ auign protection factore in exceu of

20 5 September 1,1982
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PART 20 * STANDARDS FOR PROTECTION AGAINST RADIATION

befud centrations of radionuclides. PatcAt.nonAar Paocrot. assa ament y propose A descripuon of W waste trett.
limits higher than those specified in ment facilities End procedures used to $ 20.201 Surveys,
pustraph (t) of this settlon. The reduce the concentration of radionu* (a) As used in the regulations in this
Commission will approve the proposed clides in effluents prior to their re. ggg, .. survey" means an evaluation of

lease. -limits if the app!! cant demonstrates:
(1) That the applicant has made a (d) Por the purposes of this section gt3e radiation hazards incident to thep ucan, use, rease, disposal, or

reasonable effort to minimize the ra. the concentration limits in Appendix
cloteth1ty contained in efDuents to B Table II of this part shall apply at g pWnM t&@actM materials or

other sources of radittion under a spe.unrestricted tress; and the boundary of the restricted tret, gcific set of conditions. When appropri.
(2) Thtt it is not likely that radioac. Tne concentration of radioactive mt.

tive material discharged in the efflu. terial discharged tr. rough a stack. pipe ate, such evaluation includes a physi.
ent would result in the exposure of an or sLtnilu conduit may be determined cal survey of the location of materitis
individual to concentrations of radio, with respect to the point where the and eQulpment, and measurements of

active material in air er water exceed. materitt letrea the conduit. lf the con, levels of radiation or concentrations of
ing the limits specified in Appendix B, duit discharges within the restricted Jadioactive mat *Nt1 oresent.
Tcble II of this part. A tret, the concentration at the bound.

(c) An application for higher limits 3 try may te determined by applying
pursuant to paragraph (b) of this sec. * appropriate factors for dilution, dis. b Each licensu shtil make ortitn shall include information demon, a persion, or decay between the point of ;f (us)e to be made such surveys as (1)ct
strating that the applicant has made & R discharge and the boundary,
reasonable effort to minimize the ra. (e)1n addition tolimiting concentra. gmay be necessary for the lleensee to

eompl) with the regulations in thisdioactivity discharged in efDuents to tions in effluent streams, the Commis. g

unrestricted tress, and shall include, sion may limit quantitles of radioac. bpart, and (2) are reasonable under the
as pertinent: tive materitis released in air or water pitcumstances to evaluate the extent
(1) Information as to Dow rates, during a specified period of tirne !! it of radiation hasards that may be pres.

'h t-total volume of effluent, peak concen, appears that the daily intake of radio.
*

tration of each radionuclide in the e!. &ctive material from tir, water, or food
fluent, and concentration of each radi. by a suitable sample of an exposed I :0.002 Personnel monitoring.
onuc!!de in the effluent averaged over population group, averaged over a

a period of one year at the point period not exceeding one year, would (a) Each licensee shall supply appro.

Chere the effluent leaves a stack, otherwise exceed the daily intake re. priate personnel monitortng equip.

tube, pipe, or similar condult; sulting from continuous exposure to ment to, and shall require the use of
(2) A description of the properties of air or water containing one. third the such equipment by:

- the einuents, including: concentration of radioactive materials (1) Each individual who enten a te.
3 (i) Chemical composition; specified in Appendix B. Table 11 of stricted tres under such circumstances

this part, that he receives, or is likely to receive,(11) Physical characteristics, includ. w*"

Eing suspended solids content in liculd a dose in any calendar Qutrter in
excess of 25 percent of the applicable7, effluents. and nature of gas or aerosol ;

for air efDuents; .' (f) The provisions of paragraphs (a) value specified in paragraph (t) of ;

(till The hydrogen ion concentra. through (e) of this section do not i 20.101,
tions (p") of liquid einuents; and apply to disposal of radioactive materi, (2) Each individual under 18 yeus of

(iv) The size range of particulates itt : El into sanitary sewerage systems, age who enters a restricted tree. under
effluents released into air, a which is governed by i 20.303. such circumstances that he receives,

I (t) In addition to other require. or is likely to receive, a dose in any cal.(3) A description of the anticipated
human occupancy in the unrestricted [ ments of this part, licensees engaged ,endar quarter in excess of 5 percent of

in uranium fuel cycle operations sub. ;the applicable value specified in put.
trea where the highest concentration , ject to the provisions of 40 CFR Put : graph ta) of I 20.101.of rkdlotethe material from the efflu. '
ent is expected, and, in the case of a 190, "Environrnental Radiation Protec. e (3) Each individual who enters a
river or stream, a description of water tion Standard for Nuclear Power Op. ' high radiation tres,
uses downstream from the point of re. ,grations." shall comply with that part. R (b) As used in this part,
lease of the e!Duent. (1) " Personnel monitoring equip. ),

'

(4) Information as to the highest ment" means devices designed to be*'

concentration of each radionuclide in 5 20.107 Medicai diagnosis and therapy. dWu M'M M,

i an unrestricted tret, including antici. Nothing in the regulations in this the purpose of measuring the dose re.
piled concentrations averaged over a part shall be interpreted as limiting ceived (e.g., film badges, pocket cham.
period of one year; the intentional exposure of patients to bers, pocket dosimeters, illm rings.

(1) In air at any point of human oc. radiktion for the purpose of medical ete,3;
cupancy; or diagnosis or medical therapy. (2) " Radiation area" means any

(11) In water at points of use down' tren, tecessible to personnel in which
, stream from the point of release of i :0.106 Orders requiring furnishing of there exists radittion, originating in
the ef anent. bio. assay sergces. whole or in put within licensed mate.

Where necessary or desirable in rial, at such levels that a major por.

5, ordu to EM in d,etermining the extent(5) The background concentration of tion of the body could receive in any
radionuclides in the receiving river or e of an indh1 duals exposure to concen. one hour a dose in excess of 5 mil.stream prior to the release of liquid ef.

trations of radioactive material, the litem, or in any 5 consecutive days aDuent, g Commission may incorportte appro- dose in excess cf 100 m!!!! rems;(6) A description of the environmen,
tal rnonitorint eQulpment, including priate provisions in any license, direct. (3)"High radiation area" means any
sensith.ity of the system, and proce. ing the licensee to make available to tret, tecessible to personnel, in which
dures and calculations to determine the individual appropriate bio assay there exists . radiation originating in
concentrations of radionuclides in the services and to furnish a copy of the whole or in part within licensed mate.
unrestricted pea and possible recon. reports of such services to the Com. rial at such levels that a major portion

rr.ission. of the body could receive in any one
| hout a dose in excess of 100 millirem.
.

-
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rh

"" (11) Be equipped with additional con-! ) (2) Each entrance or access point to trol devices such that upon failure of
-

,

& high radiation tren shtu be: the entry control devices to function
(1) Equipped with a control device as required by paragraph (cM6X1) of

,

which shall cause the level of radi- this section the radiation level s'ithin
ation to be reduced below that at the tret, from the sealed source, shall

1 20.203 Caution signs, labels, signals and which an individual might receive a be reduced below that at which it
controla. dose of 100 millirems in I hour upon would be possible for an indMdual to

(a) General. (1) Except as otherwise entry into the tret: or receive a dose in excess of 100 mrem in
h d s dOh[rmsbs,authorized by the Commission, sym. (11) Equipped with a control device g s eratedbols prescribed by this section shnu which shtil energize & conspicuous make an individual attempting to

use the conventional radiation caution visible or audible alarm signal in such enter the tres aware of the hasardcolors (msgenta or purple on yellow a manner that the individual entering and the licensee or at least one otherbackground). The symbol prescribed the high radiation area and the licens- individual, who is f amiliar with the ac-
by this section is the conventional te or a supervisor of the hetivity are 2 tinty and prepared to render or
three bladed design: made aware of the entry;or

[ summon assistance, aware of such ftH+(li!) Maintained locked except during ure of the entry control devices.
Rosarion Snsmot periods when access to the area is re f (111) Be equipped with control devices

1. Cross hatched area is to be matenta or Quired, with positive control over each 9 such that upon !&1 lure or removal of
purple, individual entry, physical radiation barriers other than

i

2. Background is to be yellom. (3) The controls required by para- the source's shielded storage container
graph (cX2) of this section shtH be es- the radiation level from the tource

[ 60 ltablished in such a way that no indi- shall be reduced below that at which it0
would be possible for an individukt toAvidual will be prevented from leaving a rectin a dose in excess of 100 mrem inthigh rndistion area.

m one hour: knd visible and audible
[q (4) In the case of a high radiation alarm signals shall be generated to

y g# tren established for a period of 30 make potentially affected individuals
'N days or less, direct surveillance to pre * aware of the hazard knd the licensee

vent unauthorized entry may be sub- or at least one other individuEl, who is
stituted for the controls required by familiar with the activity and pre-
paragraph (cK2) of this section. pared to render or summon assistance.'

.

' ($) Any licensee, or applicant for a ll, aware of the failure or removal of the
cense, may apply to the Commission physical barrier. When the shield for.

[ ga for approval of methods not included the stored source is a liquid, means

in paragraphs (cx2) and (4) of this sec- shall be provided to monitor the integ.N' I
e

l tion for controlling access to high ra, rity of the shield and to signal, auto-'

g I diation tress. The Commission will ap- matically, loss of adequate shielding.'

g ! prove the proposed alternatives if the ! Physical radiations barriers that com-m

| licensee, or applicant demonstratesE *
.

'p .,, e A | that the alternative methods of con.g
A 4 ./ ; * 7 trol will prevent unauthorized entry

into a high radiation tres, and that .This paEtraph (ex6) does not apply to
; "91. p

.
the requireme71 of paragraph (cx3) of radioactive sources that are used in tele-

,

,
_

,this section is met, therapy, in radiography, er in completely,

self shielded irradiators in uhtch the source(2) In addition to the contents of - is both stored and operated sIthin the same
signs and labels prescribed in this see* 2 (6) Each trea in which there may sheldmg radiation barrier and, in the de-
tion, licensees may provide on or netr*3 exist radiation levels in excess of 500 signed configuration of the irradiator. is
such signs and labels any additional rems in one hour at one meter from a alt'ays physically inaccessible to any inal-
information which may be appropriate ! sealed radio active source that is used on in an area that1s'a c'e's"stbl

' *a

sure to radiation or to radioactive ma* D 1rradiate materials shtu:s
dividual. Thts paragraph (cus) also dNs n t~in tiding individuals to minimize expo-
apply to sources from m htch the radiation is

terial. - (i) Have each entrance or necess incidental to some other use nor to nuclear
(b) Radiofton crecs. Each radiation point equipped with entry control de- reactor senerated radiation other than radi-

trea shall be conspicuously posted vices which shall function automat 1- allon from byproduct, source, or special nu.
With a sign or signs bearing the radl- cally to prevent any individual from clear materials that are used in sealed
atton caution symbol and the words: inadvertently entering the trea when 80.u ces n I sh

a 1,rr d a,tonsuch radiation levels exist; permit de* 1918. Each person licensed to conduct meth1
CAtmon ' ; liberate entry into the tres only after g3,, go g.hach this paragraph tex 6) applies

;; a control device is actuated that shall and m ho is not in comphance sith the provi.
RADIAttow AREA cause the radiation level within the sions of this pararraph on Mar. 14. 1918.x

* area, from the sealed source, to be re- shall file sith the Director, offlee of Nucle-
(c) High radicffon crect (1) Each

high radiation tren shall be conspicu 0 duced below that at which it would be ar Mater.al Safety and Saferuards. U.S. Nu.
possible for an individual to receive a clear Regulatory Commission. Washington,

ously posted with a sign or signs bear- dose in excess of 100 mrem in one D.C. 20686, on or before June it.1978, in.
ing the radiation caution symbol and hour; and prevent operation of the formaten describins in detail the settons
the words: source if the source would produce ra- $" tbs It. INg' '

a agraph bydiation levels in the trem that could may continue meth1tles in conformance ntthCNN , result in a dose to an individual in present license conditions and the provi-f
j excess of 100 mrem in one hour. The stons of the previously effective 6 2c.2034

H2cn RADIAtloN AREA entry control devices required Dy this until such compliance is achjeved. For such
peragraph (cX6) shtu be established persons compliance must be achieved not-

' Or " Danger" in such a way that no individual win later than Dec. 14.1978.
be prevented from leavine the tret.

20 7 September 1,1982
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PART 20 e STANDARDS FOR PROTECTION AGAINST RADIATION I

prise permenent structural compo- "" (7) Licensees with, or applicants for. CAvtson i |
!nents. such as walls, that have no licenses for radiation sources that are Ai Actrve MAftatAL(s)credible probability of failure or re- within the purview of paragraph (cx8)

moval in ordinary circumstances need of this section, and that must be used :: (2) Each tres or room in which natu.
not meet the requirements of this in a variety of positions or in peculiar ; ral uranium or thorium is used or

l paragraph (extX111). locations, such as open fields or for. - stored in any amount exceeding one
(iv) Be equipped with devices that ests, that make it impracticable to & hundred times the quantity specified

[will automatienlly generate visible and comply with certain requirements of. in Appendix C of this part shall ben
g tuible alarm signals to alert person. partgraph (cX6) of this section, such * conspicuously posted sith a sign or
e nel in the tres before the source can as those for the tutomatic control of signs bearing the radiation caution 1

be put into cperation and in sufficient radiation levels may apply to the DI. symbol and the nords: 1

|rector. Office of Nuclear Materialtime for any individual in the uea to =a
operate a cietrly identified control 2 !

device which shall be installed in the ; Safety and Safeguards. U.S. Nuclear
tres and which can prevent the source * Regulatory Commission, Washington,D.C. 20568, for approval, prior to use ''

,fr,om being put into operation. ; of safety measures that are altam6tive CAL'TsoM 8
to those specified in paragraph (cH6)
of this section, and that will provide Et taoto AcTrvt MATRatAMs)

_ ) Be controlled by use of such ad- least an equivalent degree of person- (f) Containers. (1) Except as pro-(v
ministrative procedure and such de- nel protection in the use of such vided in paragraph (fx3) of this seca

'; vices as are necessary to assure thtt sources. At least one of the alternative f l8
y, the tres is cleared of personnel prior measures must include an entry pre. QC C[D in' elo

'

r y'
rs to each use el the source preceding venting interlock control based on n label identifying the radioactive con.
* which use it might have been possible physical measurement of radiation
* fit En individut! to have entered the that assures the absence of high radi. I'f[8' A 1&l requM pursuut to,

{
ation levels before an individual can paragraph (fX1) of this section shall'

area.
skin access to an tren where such bear the radittion caution symbol and

"""(vi) Be checked by a phy:Ictl radi, sources are used. the words ' CAUTIOl'. RADICAC-
TIVE MATERIAL" or " DANG ER.atlin measurement to anure that "

prl:r to the first individual's entry RADIOACTIVE MATERIAL". It shall
into the trea after any use of the (d) Afrborne radioactitify creas. (1) tiso provide sufficient information 8 to
source, the radittion level from the As used in the regulations in this part permit individuals handling or using
source in the area is below that at "tirborne radioactivity tres" means (1) the centtiners, or workir's in the vicin-
which it would be possible for an indi- any room, enclosure, or operating area ity thereof, to take precautions to
vidual to receive a dose in excess of in which tirborne radioactive materi, avoid or minimite exposures.

als composed wholly or partly of 11 (3) Notsithstanding the protisions| 100 miem in one hour,
(vil) Have entry control devices re- censed material, exist in concentra. 4 of paragraph (fx1) of this section la- ,*

fled in Appendix B. Table I. Column 1 | beling ia not required:y quired in paragraph (cH6)(1) of this tions in excess of the amounts speci, a
(i) For containers that do not con-* section which have been tested for

! proper functioning prior to initial op- of this part; or (!!) any room, enclo. s tain licensed materials in quantitles
y erstion with such source of radiation sure. or operating tret in which air, t greater than the applicable quantities

on any day that operations are not un* borne radioactive material composed alisted in Appendix C of this part.(!!) For contatrars containing onlyinterruptedly continued from the pre- wholly or partly of licensed material natural uranium or thorium in quanti-virus day or before resuming oper* exists in concentrations which, aver.
Eti:ns after any unintended interrup* ties no greater than 10 times the appil-
tiin, and for which records are kept of :: aged over the number of hours in any cable quantitles listed in Appendix CWeek during which individuals are in
the dates, times, and results of such :the tres, exceed 25 percent of the of this part,

(111) For containers that do not con.tests of function. No operations other E amounts specified in Appendix B tain licensed materials in concentra-than those necessary to place the ' Table I, Column 1 of this part, tions greater than the applicable con.source in safe condition or to effect re 2 (2) Each airborne radioacthity area centrations listed in Appendix B,parts on controls shall be conducted shall be conspicuously posted with a Table I, Column 2 of this part,with such source unless control de- sign or signs bearing the radiation cau- (iv) For containers when they are at-vices are functioning properly. The 11- tion symbol and the words. tended by an individual who takes the*

censee shall submit an acceptable'
precautions necessary to prevent theschedule for more complete periodic CAtTT3oN

tests of the entry control and warning exposure of any individual to radiation
systems to be established and adhered A!RaoRNE RADloAct!VITY AREA or radioactive materials in excess of

the limits established by the regult-
( 11 ) ose entr d xit pot. (e) Addffionc! requirements. (1)

tals that tre used in transporting ma. Each tres or room in which licensed .tlons in this part.

terials to and from the irradiation material is used or stored and which 3" (v) For containers when they are in
area, and that Ers not intended fot use contains any radioactive material E transport and packaged and labeled in
by ir}dividuals, controlled by such de. (other than natural uranium or thor- [ tecordance with regulations of the De-
vices'and admir:istrative procedures as lum)in an amount exceeding 10 times a partment of Transportation.
are necessary to physically protect and the quantity of such mater 1&l specified ,:-
warn against inadvertent entry by any in Appendix C of this part shall be * (vi) For containers which are accessi-
individual through such portals. Exjt conspicuously posted with a sign or ble 8 only to individuals authorized to
portals for processed mater 1&ls shall signs betring the radiation caution , handle or use them, or to work in the
be equipped to detect and signal the symbol and the words: * vicinity thereof, provided that the con.

E

8 As appropnate, the information win in * by a readily availab e written recor .[ tents are identified to such indhidualspresence of loose radiation sources l dTr "Dansu,,.
that tre carried tortro such an exit (vil) For manufacturing or processand to automatically prevent such n ds o ma
loose sources from being carried out of N'g'"[Iton E equipment, such as nuclear reactors,

, ytg , e yw eh y

[ reactor components, piping, and tanks,the tret. estimated mass enrichment, etc.
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PART 20 o STANDARDS F07 PROTECTION AGAINST RADIATION
~ ~

f (4) Each lleensee shall, prior to dis- I 30.208 Precedutos for picking up, recelt- Tasts op Exsuet seso Tes A Quaemtist
:: posal of an empty uncontamin6ted ing, and opening peekagon

/
j container to unrestricted areas. (t)(1) Each licensee wh; expects to ,,",',',",T.,, ,j,E "maA

, , , , , , , , , , , , ,
, reinove or deface the radionettve mate- receive a package containing quanti. m ==w o * w==
= rial label or otherwise clearly indleste ties of radioactive materitt in excess of
a that the container no longer conttias the Type A quantities specified in . .ei em

radioactive ansterials- paragraph (b) of this section shall: 8, 9 9
(1) !! the ptektge is to be delivered u i ao

to the lleensee's facility by the carrier, y i so

make arrangements to receive the vi - i isso

8'9 $package when it is offered for delivery V8'"

' ' ' " * * * *$ 20.9N Saene: enwpsiens- by the carrier; or
Notwithstanding the provisions of (ii)1f the ptekage is to be picked up .tii. eswun v veessi yme e,w *ssess is="

l 20.203. by the licensee at the ct:71er's termi- e'* eussses s' i N * 's' ***'*.
(6) A room or tret is not required to nal, make artsngements to receive no-

I be posted with a caution sign because tification from the carrier of the arriv- 'The reporting requirements in ( 30.306

E of the presence of a sealed source pro. 61 of the package, at the time of arriv. appfoj by OAO under numeerg
vided the radiation level twelve inches &I-

U from the surface of the source con. (2) Each licensee who picks up 6 (cx1) Each licensee, upon receipt of
carrier,e of radioactive materitt from a
packag a package containing quantities of ra-tainer or housing does not exceed five

s terminal shth pick up the dioactive material in excess of themuurem pu hour' % package expeditiously upon receipt of
| Type A quantitles specified in para.
=

"
g notification from the carrier of its ar* graph (b) of this section, other than

g a package of radioactive material. k he"j'e UQ*'h(~
N1) Each licensee, upon receipt of(b) Rooms or other areas in hospl. s mont rte di titais are not required to be posted with

shall monitor the external surfaces of
| levels external to the package. Thecaution signs, and control of entrance package shall be monitored as soon as

or access thereto pursuant to the package for radioactive contami- practiedk Mtu mtpt, but no latuI 20.203(c) is not required, because of nation caused by leakage of the radio- than three hours titer the package is
gthe presence of patients containing by. active contents, except: received at the licensee's facility if re.
gproduct material provided that there (1) Packages containing ne more
are personnel in attendance who will than the exempt quantity specified in ceived during the licensee's normal

working hours, or 18 hours if receivedg
m take the precautions necessary to pre. the table in this paragraph: titu normal working hours.# vent the exposure of any indhidual14 (11) Packages containing no more (2) If radiation levels are found onradiation or radioactive material in than 10 millicuries of radionettre ma- the external surface of the package inexcess of the limits established in the terial consisting solely of tritium. excess of 200 millirem per hour, or atregulations in this part. carbon 14. sulfur 35, or lodine 126; three feet from the external surface of

(111) Packages containing only radio- the package in excess of 10 millitem"

~ " ** I""** ## "" " E" "#'
( (c) Caution signs are not required to "#IIU, "" =form the ucensee shallimmediate-be posted at tress or rooms containing

radicactive materials for periods of (iv) Packages containing only radlo- ly notify by telephone and telegraph
less than eight hours provided that (1) setive material in other than liquid mailgram, or facsimile, the director of

the materials are constantly attended form (including Mo-99/Tc 99m gener , the appropriate NRC Regional Offlee
h during such periods by an indhidual stors) and not exceeding the Type Aa listed in Appendix D. and the final de-
, who shall take the precautions neces. Quantity limit specified in the table in g livering carrier.

stry to prevent the exposure of any in- this paragraph: and bm

0 dividual to radistic,n or radioactive (V) Packages containing only radion.
*

materials in excess of the limits estab- uclides with half lives of less than 30 (d) Each licensee shall establish and
lished in the regulations in this part days and a total quantity of no more maintain procedures for safely open-
and;(2) such tres or room is subject to than 100 millicuries. g ing ptektges in which licensed materi-

_the licensee's control. The monitoring shall be performed as. El is received, and shall assure that
such procedu s are follosed and thasoon as practicable after receipt, buts

(d) A room or other arem is not re. no later than three hours after,s fa' A instructions for the type of packagethe"

package is received at the licensee being opened,quired to be posted with a caution ellity if received during the licensee's

f sign, and control is not required for
i

each entrance or access point to a normal working hours, or eighteen
room or other tres which is a high ra, hours if received after normal working =

i 20.206 Instruction of personnel.f diation area solely because of the pres hours. g ,

g ence of radioactive materials prepared 1 Instructions required for individuals !for transport and packaged and la* (2)1f removable radioactive contam1M working in or frequenting any portionbeled in accordance tith regulations nation in excess of 0.01 microcuriesf of a restricted tres are specified in Iof the Department of Transportation. (22.000 disintegrations per minute) perm i 19.12 of this chapter. '

100 square centimeters of package sur L.-
;

; itee is found on the external surfaces
I20.2073 of the package. the licensee shall im. Storage and control of licensed j

mediately notify * the final delivering materials in unrestricted areas. .; carrier and, by telephone and tele g (a) Licensed materials stored in an* m
; graph, mallgram or facsimile, the ap K unrestricted tres shall be secured

propriate Nuclear Regulatory Com r from unauthorized removal from the
8 Por example, containers in locauons such

mission Inspection knd Enforcement'I place of storage,as ater. filled canais, storase vaulta, or hot
Regional Office shown in Appendix D| (b) Licersed materials in an unres.
of this part. tricted area and not in storage shall be

20 9 September 1,1982
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| PART Do STANDARDS FOR PR$7ECTISN ACAINST RADIATION
tended under the sonstant survoo. f (b)The r'ammimmian wGl not approve (a) 0.08 inicrocuries or less of hydro. '

lance and lansnediate conteel of the li. 3 any appilotuon for a Heense for dis. sen.3 or earbon 14 per grain ofpesal of 11eensed snatorial at set unless mediusa, used for liquid scint1Dationconsee. * the applicant shows that est disposal counting; and iE offers less haran to man or the envi*.

(b) 0.08 microcuries or less of hydro.. . roament than other practical alterna* sen 3 or carbon.14 per grain of animalWases DaerosaL {Uve smothods of disposal tissue averaged over the weight of theggg,3gg g ,,,,3 entire animal: provided however.
No licensw shan espose of Deensed Ltsue may not be disposed of under

mateMal except: Rthis section in a manner that would
(a) By transfer to ans authorised re. Opermit its use either as food for~

c!pient as provided in the regulauens hum
i in Parts 30. 40.80, el. 70 or 73 of this I20.308 Disposal by release into monitary g (c)ans or as animal feedee* erose systems. Nothing in this section, however'
3 chapter, whichever anay be machamwa- ,

a 'T No Heenset shall discha,rge licensed *",, "", ,: g ep a fmaterial into a sanitary sewerste' system unlus: and disposal of such byproduct materi.
O (a)It is readily soluble or dispersible al as specified in i 30.81 of this chapter;

and
( e quantity of any licensed or (d) Nothing in this section relieves

(b) As setbesteed ender 13Lagg er other radioactive material released Ug romFed r teI '" '

one day does o exe h arter local regulations governing any other
paragraphs (b)(1) or (2) of this section. toxic or hazardous property of these,,

the average dany .1uantity of sewage _ materials.(1) The quantity which if diluted by
f~ (c) As provided in i 20.303. applien . -

e ble to the esposal of Doensed maternal | | released into the sewer by the licensee.O
I by release mte sanitary will result in an average concentration 9 80.811 Trenefer for diepeesland

tems, or in i 20 300 for disposal of equal to the limits specified in Appen. mensseets
I cific wastes or'in i 20.106 (Radionette. |I dix L Table I. Cohmn 2 of this part" (a) Purpose.%e requirements of this
a ity in effluents to unrestricted areas). or esction are designed to control transfers*
' (2) Ten times the quantity of such of radioactive weste intended formaterial specified in Appendix C of

this part: and disposal et a land disposal facility and, -

1 20.302 Method for obtaining appeeval of (c) The quantity of any licensed or establish a manifest tracking system and

proposed d6epenal precedures, other radioactive material released in supplement existing requirements
concoming transfers and recordkeeping

ce ap e * " * *for approval of proposed procedures to by e Ice ntr
in an average concentration exceeding in this noction b ve been approved byespou of licensed material in a

snanner not otherwtae authorised in the limits specified in Appendix B. b Moe oNanagement and Budge
the regulations in this chapter. Each Table 1. Column 2 of this part: and M approval No. 3180 0014.

application should include a descrap. (b)Each shipment of radioactive

a tion of the licensed material and any waste to a licensed land disposal facility
must be accompa Jod by a shipmentO ther radioactive material involved, in. (d) The gross quantity of Itcensed
manifest that contains the name.

"t
O cluding the quantitles ard kinds of and other radioactive material, exclud.

address and telephone number of the! such material and the levels of radio. ing hydrogen.3 and carbon.14. released * person g,enerating the weste.De. activity involved. and the proposed
into the sewerage system by the licensq manifest shall also include the name.a manner and conditions of dispoenL et does not exceed one curie per year.= ddrwsThe application should also include an The quantities of hydrogen.3 and * name an. and klephone numkr or th

e
analysis and evaluation of pertinent d EPA hasardous westecarbon.14 released into the annitary
information as to the riature of the en* oewerage system may not exceed 6; identification number of the personvironment. including topographical,
geological. meteorological, and hydro * curies per year for hydrogen.3 and 1 transporting the waste to the land

logical characteristics: usage of ground Curie per year for carbon.14. Excreta disposal facility. The manifest must also

and surface waters in the general area: from individuals undersoing medical indicate as completel practicable: a
diagnosis or therapy with radioactive ph sicaldescriPtion a weste: the

the nature and location of other po d material shall be exempt from any vo ume:redionucMa hmy and
tantially affected iacilities; and proce. Hanitations contained in this section. quan the total radioactivHy.' and ths
dures to be observed to minimine the a chemical form.herisk of unexpected or hasardous espo. m soli tion agent must be specified.*"'***

8 30.306 Treatment or dispoest by inciner. * ' * " "",

**'*"' g agen weigh mustbe
identified and the weight percentage of

No licensee shall treat or dispose of the chelating agent estimated. Wastesi licensed material by incineratiott cleastfled as Class A. Class B. or Class
'

except for materials listed under Cin 6 01.88 of this chapter must be
1 20.306 or as specifically approved by clearly identifled as such in thethe Commission pursuant to manifest. %e total quantity of the
il 20.106(b) and 20.302. radionuclidu H-a, C-14. 70 0e and I-
0 20.306 Disposal of specific westes. 120 must be skwn. W MHt

Any licensee may dispose of the fol. required by this paragrsph may be
shipping papers used to meetlowing licensed material without Department of Transportation orregard to its radioactivity:

February 28,1963(reset) 2NO
(n.nt m einto.1to
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PART 20 o STANDARDS FOR Pr.OTECTGN ACAlNST RADIATION

hvironmentalProtection Agency
from)the generetor within one wwk of(t AcLaowledge receipt of the wasteequivtlent documentation by theregulations or regubomente of the collector,

resolver, provided all the regelred receipt by returidng a signed copy of the (f)laclude the new manifest with the*

\
leformaties le included. Copies of manifest or equi alent documentatica' shipment
manifests required by this esotion may (2) prepare a new manifest to teSect (s) Reteln copies of original manifesti
be legible carboa espies erlegible consolidated shipmento; the new and new manifeste and documentationphotocopea. manifest shall serve u a listing or index of acknowledgement of receipt as the

(c) Rach manifest must Inalede a for the detailed pnerator manifwts. record of tunefor oflicensed materialeartification by the waste generator that Copies of the generetot manifests shau required by arts 30,40. and yo of thisp
the transported makrials are properly be a part of the new taanifwt.ne west, chapter, and
claeolf!ed, described, packaged, marked, coDector may prepare a new manifest (g) For any shiprnent or part of a

,and labeled and are la p*oper condities without attaching the generator ehlPment for which acknowledgement is
|for transportation accordlag to las manifesta, provided the new manifest not received within the times set forth in !appucable regulattens of the ocatains for each package the thle section, conduct an investigation in

Department of Transportaties and the information specirled in paragraph (b) of socordance with paragmph (h) of thle
Co==l==tos. As autberleed this section. De collector licensee shall uctim
representative of the waste erster certify that nothing has been done to the shag:De land dioPosal facility operator

'(
,

aball sign and date the weste which would invalidate the
(d) Any generating lloonsee who generator's certification: (1) Acknowledge Mceipt of the waste

transfers radioactive waste to a land (3) Forward a copy of the new within one week of receipt by returning
die,posal facihty or a licensed waste manifest to the land dispoul fact'Jty a e ned copy of the mantleet or
conector shall comply with the operator at the time of shipment; eq valent docurnentauon k es
requirements la paragraphe (d)(1)

sh(p) ment to the disposal site:4 !adude the new manifest with the
ohlppw.b shippw to be nound is ee ,

i licensee who last possessed the weste jthrough (0) of thle section. Any
generating licensee who transfere waste (8) Retain a copy of the manifest and and transfwnd b waste k he
to a lloensed weste processor who treats documentation of acknowltdgement of opwatw.N Mturnd #py d es j

or repackages waste shall comply with receipt as the record of trenefer of manWnt w equhalant bmenteuon i
<

the ulteraents of paragraphs (d)9) heennd matwial as required by Parts shaU indicate any discrepanelse
. thro (3) of this section. A hoensee 30,40, and 70 of this chapter, and totein betwun meMals bekd on b mandet
i shall: j information from generator manifeste i and nt ln$

j'

E

. [ho'r';a'ndispooluonp aueded by es; man)ifeste or equivalent documentation
gt f aU cosnpleted

[ wa(1) prepare all wutu ao that the ,ste is classified according to B 31.55 * un e Com niph Wam helthipments or any part of aand meets the waste characteristice-

requiremente in 101.86 of thle chepter; ; shipment for which acknowledgement of ; disposition; and
(2) Label each package of waste to recelPt is not received within the times (3) Notify the shipper (l.e ,the

8""*'' r*ec* tor of the ' nearest""'**" " P**"I!Identify whether it le Class A waste "g g,eth in thi' "Cti* * * duct '8
and the Di""8' ""C' *Clue B weste, or Clus C waste,in ' pengrapMN) (*g[* Hettm Comminion Regional OfBee listed in

accordance with i 01.88 of thle chapter,
" sete proe w who Appendix D of this put when any

(3) Conduct a quality control program ( pc[sgew shipment or part of a shi ment has nottnat orto assure compliance with || 81.88 and , , ,
|

1 * N** "31.06 of this chapter; the rogram must fro (m) Acknowledge receipt of the westethe generator within one week of '"'"""I*""" |

' ' rt d atoclude management eva untion of lreceipt by te a signed copy of the shipme tlo I ac wiedgement le 1"(4) Prepare salpping manifests to meet parfa n w "' "
the requirements of || 30.311 (b) and (c) the r)equirements of paragraphe b and

a at e to ' " *
part; (g) B et sted by the shipper if(c)of this section. Preparation o e

the shipper has not received notification
t e ed t, at the ti " , ' " , , [o t e w e

' t eprocessor of ceipt wtthin 20 days after transfer:r nshipment: or, deliver to a coUector at the
time the waste is collected, obtaining (3) Prepare all westes so that the

weste le classified according to | 81.58 (2) Be traced and ed, he 'g' ,P c , '"" and meets the waste characterisuos investigation shall e tredag the

'" '
y

equivalent documentation from b requirements in i 61.56 of this chapter; shipment and flting a report with the
coBecten H) bbel uch packase d wute k mrvet Commlu'on Regimd OfBoe

ft) Include one copy of the manifest identify whether it le Class A waste, listed la Appendix D of this part. EaabClue B weste, or Class C wasta,in
heenees who conducts a troos*

do(cumentation o acknowleof the manifest and
etain a thi opt Pg'' g| ment of

receipt as the record of trane er of (5) Conduct a quality control program
office within a weaks of complette of

,

Bcensed material as required by Parts to usure comphance wuh ll 61.56 and

| 30. 40. and 70 of this chaptu: and, 61.Se of this chapter. The program shall b in""8'u"
include management evaluation of

oh(lpment for which acknowledgement of8) For any shipments or any part of a audits:i

(6) Forward a copy of the newreceipt has not been received within the rnanifest to the disposal alte operator or
times set forth in thle section. conduct waste collector at b time of shipment,

,

i an investigation in accordance with
or deliver to a collector at the time the

) paragraph (h) of thle section. weste le collected, obtaining
ha(ndles only prepackaged waste shall:e) Any waste coDectorlicensee whoacknowledgement of receipt in the form

of a signed copy of the manifest or

2010a December 30,1982
(next page is re.10 b)
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PART[]o STANDARDS POR PROTECTION ACAINST RACIATIEN l

I-

s n.ai n rd. of =mys. r. dieu
monitoring, and elopmenL j

(a) Each lleenset shall maintain re- !

cords showing the radiation exposures
of all indh'iduals for whoma personnel
monitoring is required under i 30.30s

i of the regulations in this part. Such v

records shall be kept on Form NRC-8. t

E in accordance with the instructions >

2 contained in that form or on clear and !4

?
' legible records containing all the in.

formstlen required by Form NRC-8. - |

The doses entered on the forms or re-
cords shall be for periods of time not
exceedina c.ne calendar quarter. ;

- ,

:

r

f
(b)Each heensee sheB maintain '

resents la the same units need la this -
I part, showing the results et surveye

' required by a 30.ast(b). monitoring ).
g required by ll asJos(b) and 30. age (s
~ ~ and disposals made ander il abana.
' 30.30s, resseeed I 30.304.' and Part M af

this shapter.
;

- ,

e
. ;

(c)(1) Records of individual exposure .

to radiation and to radioactive materi.
Tal which must be maintained pursuant

to the provisions of paragraph (a) of
this section and records of blotasays.

*

including results of whole body count-
ing examinations, made pursuant to
I 30.103, shall be preserved until the

i Commission authorises disposition.#
(2) Records of the results of surveys

f and monitoring which must be main.
< t&ined pursuant to paragraph (b) of
' this sectio'l shall be preserved for two'

years after completion of the survey ,

except that the followirig records shall
be maintained until the Ccmmission
authertses their disposition: (1) Re-
cords of the results of surveys to de- .

termine compliance with 6 20.103(a);
(11) in the absence of personnel moni-
toring data, records of the results of
surveys to determine external radi- 4

'ation dose; and (till records of the re-
sulta of surveys used to evalvate the
release of radioac*:ve effluents to the
em'ironment.

2010bDeesmber 30,1982
(next sage is t 011)

>

= ,, ~, wwee--ww,- --,,www- - -=,e -e,- _,w-e--,-,vn,- -.-en,-,,m---en--,+-~.n -m-- . , , - - , , -,ww-,--w ---,-,,e,e- , - - -,ve.-- -mm--*



- - -- . - _ . . - - . .----- - - _- . -- - .-

PART 20 o STANDARDS FOR PRDTECTICN ACAINST RADIATION
j

(8)Raesede of dispeest ofliseased uals, circumstances under which the h (b) 7kenty-four hour not/ficolion. I
3 materiale made pursuant to $$ BJa, exposures occurred, and the artent of 3 Each liconese shall within M hours of |
7; 3.308, semoved $ m.306,8 and Part M of possible hasard to persons in unres* 14 discovery of the event,mport any event
a thle chapter ese to be maintained use0 tricted areas; a involving hoensed material possessed

{ disposition.
0the Commisalon autorises heir ,, ,! u Se e m ed.' . by the liconese that may have caued or! r r

I threatene to cause: |1.

(4) Records which must be main. '
t al; and

(6) Procedures or measures which
.' have been or will be adopted to pre. - (1) Exposum of tM whole body of I

~

tained pursuant to this part may be g sent a recurrence of the loss or theft any indhidual to 6 rems or more of ra.
the original or a reproduced copy or ,11ation; exposure of the skin of themicroform if such reproduced copy or E of !! censed material, whole body of any individual to 30
microform is duly authenticated by 'Cbentofil roms or more of radiation; or exposure(*) 8 t *
authorised personnel and the micro. 7,p,rt e

substandve additional informa. of the feet, ankles, hands, or forearms
form is capable of producing & clear tion on the loss or theft which be. to 78 rems or more of radiation; or

| &nd legible copy after storage for the comes available to the licensee,51 thin I (2) The release of radioactive materi.
period sperified by Commission regu. 30 days after he learns of such infor. Il alin concentrations which,if averaged

a laticms. mation. over a period of 24 hours, would
', (6) If there is a conflict between the (d) Any report filed with the Com. exceed 600 times the limita specified
e Comraission's regulations in this part, mission pursuant to this section shall for such materials in Appendix B.

license condition, or technical specifl* be so prepared that names of individ. Table II of this part; or
cation, or other written Commi.elon unis who may have received exposure (3) A loss of one day or more of theapproval or authorisation pertaining to radiation are stated in a separate operation of any facilities affected; or
to the retention period for tb* same * part of the report.type of record, the retention period
specified in the regulations in this M(e) Pot holdere o' en operating hoenu
part for such records shall apply for a nuclear power plant. the evente (4) Damage to property in excess of,
unless the Commission pursuant to included la ph(b)of thle section g $2,000, || 20.601, has grsted a specific exemp. must be to in accordance with the |

tion from the record retention require. procedures described in 680J3 (b), (c). t
J

;

| ments specified in the regulations in (dl. (e), and (3) of thle chapter and must I (c) Any report filed mith the Com.
.this pan. include the information required in $3 mission pursuant to this section shall
"$ 20.400 Reports of theft er lose of paragraph (b) of this secticn. Evente 8 be prepared so that names of individ.

seensed motoriet. reported in accordance with I8053 of et uals who have* received exposure to ra.

$ (a)(1) Each licenses shall report to the thle chapter need not be reported by a * dittion will be stated in a separate

Commiselon. by telephone, immediately R duplicate report under paragroph (b) of { part of the report.
efter it determinee that a lo.x or theft of g this action. .

(d) Reporte made by licensees in
licensed material has occurmd in such a i E400 theneesene et m response to the requirements of this

uantitles and under such circumstances section must be made se followe:
et it appears to the licensee that a (a) lok orlori. Each*

'
11consee ohan f rt en (1) 1.lconsees that have an installedsubstantial hasard may result to persone ediakl(m Emergency Notification System shallg

g in unreetdekd amas, ,

special nuclear material = --- ~by 3 make the reporte required by paragraphe
g ((2) Reports must be made as follows:l)1.icensees having an installed the licensee that may have caused or 3 (a) and (b) of this section to the NRC
, Emergmcy Notification System shall tlaestens to cause: e Operations Center in acconlance with

y make the reports to the NRC Operatione (1) Exposure of th6 whole body of g i 8052 of thle :hapter,S -

Center in accordance with $ 50J2 of this
any individual to 20 rems or enore of . (2) All other licensees shall make the

chapter. radiation: exposure of the skin of the ' reporte required by paragraphe (a) and
whole body of any indhidual of 160 (b) of this section by telephone and by

(11) All other licensees shall make tems or more or radiation; or exposure telegram, mailgram, or facsimile to the
reports to the Administrator of the of the feet, ankles, hands or forearms Adminletrator of the appropriate NRC
appropriate NRC Regional Office listed of any indhidual to 378 rems or more Regional Office listed in Appendix D of

,

in Appendix D of thle part. of radiation: or this part.
| (b) Each licensee who makes a report I (2) The release of radioactive materi. -

| under paragroph (a) of this section shall. I
alin concentrations which,if averaged (I 20.404 1 Reserved)withing 30 days after loaming of the loss over a period of 24 hcurs, would

or theft, make a re in writing to the exceed 5,000 times the limits specified i 30.40s Reporte of overeupesures and
U.S. Nuclear R tory Commission, for such materials in Appendix B, emessesve levels ens eem
Docmnent Control Desk. Washington. Table II of this part; or > (a)(1) In addition to any notification
D.C. 20666, with c copy e the (3) A loss of one working week or requimd by i 20.40s of this part, each
appropriate NRC Regional Office listed more of the operation of any Iacilities licensee shall make a report in writing
in Appendix D of this part.'Its report i, affected; or R concoming any one of the following

,shall include the following information: g- [ types ofincidents within 30 days ofits

[ (1) A description of the licensed ma. J, (4) Damage to property in excess of E (1) Each exposure of an individual to
occurrence:

g f'yfe"f,I"[g'hd ph ig,quanth g A200,000. ; radiation in excess of the applicable
l g

g
(2) A description of the circum, g limite in || 20.101 or 20.104(a) of this*

8 part, or the license:**

$ stances under which the loss or theft (ii) Each exposure of an individual tooccurred:
a (3) A statement of disposition or ts,dioactive materialin excess of the

l probable disposition of the licensed applicable limite in il 20.103(a)(1),
materialinvolved: 20.103(a)(2), or 20.104(b) of this part, or

(4) Radiation ecosures to indhid. In the license:

I'
'

2048 July 29,1983
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PART 20 o STANDARDS FOR PRDTECTIDN AGAINST RADIATl3N
l
1

(iii)Invoie of renation er with the deselbedla year was in each of the foHowing eed. '

comessentlene of emeenseve materialla 30J3 (b) (o). (d). (e), and (a) mated exposme ranges: )
a restr6sted area la eneses of ear other and must alas include the ;

applicable limit is the lisamos; information required by parepephs (a) s,,,,,,,,,,,,,,,,,,,,,, ie ies, e

(iv) Amy taaldest for which | . and (c) of this emotion. lacidents semin ' 7,,,a i

notinostion is required by $ 31.40B of reported la sessedance with i 8053 ofa i

this part or [ this chapterneed not be reported by a e amme.ame,

(v) levels of radiation or g deptiosto report under paragraphs (a) or ,g ***'a == **a s''

concentrations of radioactive material !c) of this esotloa. us = o a
i (whether or not involving emessolve (e) All otherliosaseos who make as = eis

capoewe of any individual)in an reporte under paragraphs (a) or (c) of k Q ," '
unrootncted sees la excess of ten times this sootloa aba!!. within 30 days after I. '

c y applicable limit set forth in this part learning of the overexposure or es=*
or esosesive level or concentration make e iW

E (in the lioones.2) Each report required under f* pert la writing to the U.S. Nuolent e.r
'

U pareysph (a)(1) of mis esedan must Regulatory Commission. Document r=8

describe the extomt of exposure of Control Desk. Waskington. D.Ct3Dee8 j ", ',,
individuals to radiation er to radioactive with a espy to the appropriate NRC se is
material inclueng: Reg 6enal Ofbos listes in Appenez D of si w is

'8+
(i) Estimates of each laevidual's .this part.

[this metIm
P88afr*M "g gg,4gg gg,,,,,,gy ,,',',e,,ne,,s,y,,m e,ssr ge,.mm,ye," ' n im

we w .

(ii) levels of radiation and ggg.407 Pereennel monitoring nporta. The low exposure range data are re,
* * "* **

f'' Each person described in i 30.408 of quind in ordu to obtain better infor.

* this part shan, within the first quarter madon about the esposures actusur
(iii)The oeuse of the exposure. levels I. of uch calmdu ym. submit 2 me recorded. This secuen does not require

or concentrations: and Director of Management and Program imped musurements.
(iv) Corrective steps taken or planned f Analysis. U.S. Nuclear Regulatory 8 30.408 Reports of pereennel seen tennt

,,13 prevent a recurrence. 3 Cammlanton. Washington, D.C. 20888. en terminetten of employsment er
repoNs specWM in paragraphs (a) ,ork.'

(b) Any report filed with the Com.
"" N *' 8mission pursuant to paragraph (a) of (a) This section applies to eacheal du u8 AD 02this section shall include for each indl. pwoons specifially kneed by h person Ucensed by the Cosamission to:

,, vidual exposed the name. social secu. Commission shau, within the first (1) Operate a nuclear reactor de.
rity number, and date of birth, and an quarter of omiendar yeare 1979 and signed to produce electrical or host

a estimate of the individual's exposure.
1980, submit to the Director of Man, energy pursuant to 6 80.31(b) or

The report than be prepared so that asement and Program Analysis. U.S. I 80.33 of this chapter or a testing fa.
. this information is stated in a separate Nuclear Regulatory Cammiazion, cility as defined in i80.3(r) of this "

[part of the report. Washington D.C. 30888, the reporta chapter;
specified in parsgraphs (a) and (b) of (3) Possess or use byproduct matert..> (c)(1)la addition to any notification this section covering the proceding cal. al for purposes of radiography pursu.

required by I 31403 of this part. each endar yeare 1978 and 1979.W
licensee shall make a report in writing of (a) A report of either (1) the total ". ant to Parts 30 and 34 of this chapter;
levels of radiation or releases of number of individuals for whom per. (3) Poseems or use at any one time,

radioactive tasterial la excess of limite sonnel monitoring was required under for purposes of fuel praaaantaqr. fabri.
opecified by 40 CFR Part se0 I 20.203(a) or i 34.33(a) of this chapter cating, or reprocessing, special nuclear

''Envirorunental Radiation Protection during the calendar year; or (2) the material in a quanuty exceeding 3,000

Standards for Nuclear Power total number of individuals for whom g grams of cont 4ined uraniurn 238. urs.
personnel monitoring was provided - nium 233 or plutonium or any combi.Operations." or in excess oflicense dudng h alendar yw' h4ded & nauon m,ai punuant to Part M ofconditions related to compliance with 40 hotoever. That such total includes at . this chapter;

.

least the number of ind viduals re * (4) Poseems high level radioactive(a)Each mport aagmd undw quired to be reported under paragraph waste at a geologic repository oper.
,g paragraph (c)(1) of this section must (a)(1) of this section. The report shall suons tres pursuant to Part 60 of this
3 describe: indicate whether it is subrnitted in ac- chapter; or(!)The extent of exposure of cordance with paragraph (t)(1) or ".
a

E individuals to radiation or to radioactive tax 2) of this section. If personnel (8) Possess spent fuel in an inde-
g material; monitoring was not required to be pro. pendent spent fuel storage installation

(ii)1ovels of radiation and vided to any individual by the licensee . (18P81) pursuant to Part 73 of this
concentretions of radiosotive material under il 20.202(a) or 34.33(a) of this 3 chapter. or
involved; chapter during the calendar year, the : (8) Poseoas or use at any one time.

(sti)'!he cause of the exposure levela, licensee shall submit a nettuve report a for processing or manufacturing for
or concentrations; and indicating that such personnel moni. ' distribution pursuant to Parts 30, 32

(iv) Corrective steps taken or planned toring was not required. I or 38 of this Chapter, byproduct mate,
t3 assure agelnet a recurrence including (b) A statistical summary report of I rialin quantities exceeding any one of

the personnel monitoring information
recorded by the licensee ior individ. L the fouowing quanuuse:the schedule for achieving conformance

with 40 CFR Part 190 and with
associated license conditions. uals for whom personnel monitoring . A 11eenase wheee 11eense expires or termi. 1

(d) For holdere of an operating license was either required or provided, as de. natas prior to, or on the last car of the eaa. '

for a nuclear power plant. the incidents scribed in paragraph (a) of this sec. endar year shall subaut reporta at the espi.
tion, indicat:ng the number of individ. rauon or ternmauon of the lleenne, oover.included in paragrepbe (a) or (c) of this uals whose total whole body exposure ins that part of the rent during which the

section must be reoorted in socordance recorded during the previous calendar lleense was to effect. 1

|

l
July 29,1983 2042 |
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PART 20 * STANDAR38 POR PRSTECT13N AGAINST RADIATION ]'

I

I.

-

p) s ee.4ee Nettfnestions and reparts to ladi. j
'

, n , ,, ma 4_,V a'"" (a) Requirements for notificationsoa and reports to individuals of exposure
E $8' } 3 to radiation or radioactive maternal art
I eennes iss a specified in i 10.13 of this chapter.
n amiest .$ e. (b) When a licensee is required pur.
6 "'awnter is'''' 2 euant *.o il 20.406 or 30.408 to reportOm to the Commission any exposure of an

"- "'

temusewmasm 1. ass individual to radiation or radiosotive
material, the lleensee shall also notify

e/,",",. ,8,',",,'."'n*,""*,',",,*,,"." " 'g IA's. W.,,' the individual. Such notice shall be''
,

eseruses ms we eseress e nos _ - non si me transmitted at a time not later than'",,{**"""*"'*******"*""*"'****"'" the trarsmittal to the Camminston.,
and small comply with the provtsions
of i1943(a) of this chaptar. l=

i
.

ExcsPriows ama AnstrionaL l-,.
. Raevraansswes |'3 (y) Reesive radiomotive waste ben
3 other persons for disposal under Part et 1 30.601 Applientless for enesupuoma.
& of this ohneter. The Commission may. upon applies.

tion by any lleensee or upon its own '~

( 'initiative, grent such exemptions fronso

j the requirements of the regulations in -
this part as it detennines are author.-

.

E leed by law and will not result in-

,, unstue hasard to lite or property.,

, a

(b) When an individual terminates . I 30.302 Additlenal requirements. '
,

' employment with a licensee describe The Commission may, by rule, regu.
In paragraph (a) of this section, or an lation, or order, impose upon any li.
Individual assigned to work in such a consee such requirements, in addition
licensee's facility but not employed by to those established in the regulations,

g the licensee, completes the work as. In this part, as it deems appropriate or
; signment in the licensee's facility, the necessary to protect health or to mini.,

t a licensee shall furnish to the Directer tr.ise danger to llie or property.-' S of Management and Program Analysis.
0 U.S. Nuclear Regulatory Commission.

. EirrametMENT ,

' Washington. D.C. 20666, a report of i

the individual's exposures to radiation "

and radioactive material. incurred i 20.001 Violatless.
during the period of employment or An injunction or other court order
work assignment in the licensee's fa, may be obtained prohibiting ar.y viola.cility, containing information :Scorded tion of any provision of the Atomic
by the licensee pursuant to Energy Act of 1964, as manended. Oril 20.401(a) and 20.108, Such report Title II of the Energy Reorgantastionshall be furnished within 30 days after Act of 1974, or any regulation or order
the exposure of the individus1 has
been determined by the licensee or 90, issued thereunder. A court order may r

days siter the date of termination of be obtained for the payment of a civil
assignment, || penalty knposed pursuant to sectiorsemployment or work 234 of the Act for violation of sectionwhichever is earlier. 6 83,67,62,63.01.82,101,103,104.107,

? or 109 of the Act, or section 200 of the
Energy Reorganisation Act of 1974, or
any rule, reirulation, or order tesued
thereunder, or any term. condition, or
limitation of any lleense lesued there.
under, or for any violattrm for which a
license may be revoked under section
186 of the Act. Any person who will.
fully violates any proviaton of the Act
or any regulation or order issued
thereunder may be guilty of a crime
and, upon conviction, may be punished
by fine or imprisonment or both, as

'The Commlaston will evaluate the data provided by law.
obtained for 1978 and 197s pursuant to this mun NcTE: The reportins and record keepinsparastaph, and the benefits derived there.
from and mar take action. Including pubil. secutremer.ta contained in this part have

been apprcved by the General Accountine

utend$r r isUm ytE knj office under B-1802:8 (R0043), (R0044),
requirement. and (R00:4).

20 13 .luly 29,1983
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AppIndix V

PART 2 e RULES OF GENERAL APPLICAtlWTY TO DOMESTIC LICENSING ~g
< 1 ,,

) Byproduct material Microcuries Byproduct maternal Microtunen Byproduct metenal Micro' runes

Cesium 134m (Cs 134m) . . . . . . . 100 Neodymium 149 (Nd 149) . . . . . 100 Tellurium 127 (Te 127) . . . . . . . . 100

Cesium 134 (Cs 134) . . . . . . . . . . 1 Nickel 5 9 (Ni 5 9) . . . . . . . . . . . . . 100 Tellurium 1 9m (Te 129m) . . . . . 10

Cesium 135 (Cs 135) . . . . . . . . . . 10 Nickel 63 (Ni 63) . . . . . . . . . . . . . 10 TeDunum 129 (Te 129) . . . . . . . . 100

Cesium 136 (Cs 136) . . . . . . . . . . 10 Nickel 65 (N165) . 100 Tellurium 13 t m (Te 131m) . . . . . 10. ........

Cesium 137 (Cs 137) - , 10 Niobium 93m (Nb 93m) . . . 10 Tellurium 132 (Te 132) . . . . . . 10... ........

Chlorine 36 (Cl 36) . . . . . . . . . . . 10 Niobium 95 (Nb #5) . 10 Terbium 160 (Tb 160) . . . . . . . . . 10........

Chlorine 38 (Cl 3 8) . . . . . . . . . . . 10 Niobium 97 (Nb 97) . . . . . . 10 Thallium :00 (TI :00) . . . . . . . . . 100...

Chror!.ium 31 (Cr $ 1 ) . . . . . . . . . 1,000 Osmium 185 (Os 185) . . . . . . 10 Thallium :01 (Tl :01) . . . . . . 100. ..

Cobalt 58m (Co $ 8rr.) . . . . . . . . . 10 Osmium 191m (Os 191m) . . . . . . 100 Thallium :02 (Ti :02) . . . . . . . . . 100

Cobalt 58 (Co $ 8) . . . . . . . . . . . . 10 Osmiurn 191 (Os 191) . . . . . . . . . 100 Thallium 204 (TI :04) . . . . . . . . . 10

Cobalt 60 (Co 60) . . . . . . . . . . . . 1 Osmium 193 (Os 193) . . . . . . . . . 100 Thulium 170 (Tm 170) 10......

Copper 64 (Cu 64) , . . . . . . . . . . . 100 Palladium 103 (Pd 103) . . . . 100 Thulium 17 3 (Tm 171) . . . . . . . . 10...

Dysprosium 165 (Dy 165) . . . . . . 10 Pa!!adium 109 (Pd 109) . . 100 Tin i 13 (Sn i 13) . . . . . . . . . . . . . 10.....

Dysprosium 166 (Dy 166) . . . . . . 100 Phosphorous 32 (P 32) 10 Tin 125 ($n 1:5) . . . . . . . . . . . . . 10........

Erbium 169 (Er 169) . 100 Platinum 191 (Pt 191) . . . . . . . . . 100 2 Tungsten '81 (W 181) . . . . . . . . . 10........

Erbium 171 (Er 171) . . . . . 100 Platinum 193m (Pt 193m) . . . 100 8 Tungstet.185 M 185) . . . . . . . . . 10.. .

Europium 152 9.:h Platinum 193 (Pt 193) . . . . . . . . . 100 * Tungsten 187 (W 187) . . . . . . . . . 100
(Eu 15 2 9.:h) . . -. . . . . . 100 Platinum 197m (Pt 197 n) . . . . 1001 Vanadium 48 (V 48) 10.... .... .

Europium 15 13 yr Platinum 197 (Pt 197) . . . . . . . . . 100 Xenon 13 tm (Xe 13 tm) . . . .. 1.000
(Eu 15213 yr) . 1 Polonium :10 (Po 210) . . . . 0.1 Xenon l33 (Xe 133) 100..... .. . .. . .......

Europium 154 (Eu 154) . . . . . . . 1 Potassium 4 (K 42) 10 Xenon 135 (Xe 135) . . . . . 100......... ....

Europium 155 (Eu 155) 10 Praseodymium 14:(Pr 140) 100 Ytterbium 175 (Yb 175) . . . . . . . 100....... ..

Fluorine 18 (F 18) . . . . . . . . . . . 1,000 Praseodymium 143 (Pr 143) . . . . 100 Yttrium 00 (Y 90) . . . . . . . . . . 10.

Gadolinium 153 (Gd 153) . . . . . 10 Promethium 147 (Pm 147) . . . 10 Yttrium 91 (Y 91) . 10. ..., .....

-

Gadolinium 159 (Gd 159) . . . . . . 100 Promethium 149 (Pm 149) . . . . . 10 Yttrium 9: (Y 92) . . 100.........

Gallium 72 (Ga 7 0) . . . . . . . . . . . 10 Rhenium 186 (Re.186) . . . . . . . 100 Yttrium 93 (Y 93) . 100... .....

Germanium 71 (Ge 71) . . . . . . . . 1001 Rhenium 188 (Re 188) . . . . . . 100 Zinc 65 (Zn 65) . . . . . 10. .. ... .

9.._)- 100 4 Rhodium 103m (Rh 103m) . 100 Zinc 69m (In 69sa) . . 100

V | Gold 198 (Au 198) . . . . . . . .
.. ......

Gold 199 (Au 199) . . . . . . . . . . . 100 Rhodium 105 (Rh 105) . . . . 100 Zinc 69 (Zn 69) . . . . . 1,000... ........

e 'lafnium 181 (Hf 181) . . . . . . . . . 10 f Rubidium 86 (Rb 86). . . . . . . . . . 10 Zirconium 93 (Zr 93) . . . . . . . . 10
'

Holmium 166 (Ho 166) . . 100 ll; Rubiditim 87 (Rb 87) . . . . . . . . . 10 Zirconium 95 (Zr 95) . . . . . 10..... ...
$ Hydrogen 3 (H 3) . . . . . . . . , , 1.000 Ruthenium 97 (Ru 97) . . . . 100 Zirconium 97 (It 97) . . . . . . . . . 10..

Indium 113m (In i13m) . . . . . . 100 Ruthenium 103 (Ru 103) . . . . . . 10 Any byproduct matenal not listed
Indium 114m (In i14m) . . . 10 Ruthenium 105 (Ru 105) . . . 10 above other than alpha emitting....

Indium 115m (In i15m) 100 Ruthenium 106 (Ru 106) . . . . . I byproduct material . . . . . . . . 0.1.. .

Indium 115 (In 115) 10 Samarium 151 (Sm 151) . . . . . . , 10 -
;........
'

lodine 1:5 (I 1 5) . . . I Samarium 153 (Sm 153) . . . . . . 100,,. ...

ludme 126 (I 1 6) . . . I Scandium 46 (Sc 46) . . . 10 ~ { 30.71 Schedule B........ ......

todine 129 (I 129) . . . . . . . . . . . . 0.1 Scandium 47 (Sc 47) . . . 100......

lodine 131 0 .131 ) . . . . . . . . . . . . I Scandium 48 (Sc 48) . . . . . . . . . . 10 Byproduct material Microcursts
lodine 132 (1 132). 10 Selenium 75 (Sc 75) 10.......... .........

lodine 133 0 133). I Silicon 31 (Si 31) . . . . . . . . . . . . . 100 Antimony 1:2 (Sb 1:2) 100.......... .......

lodine 134 0 134)......... 10 Silver 105 (As 105) . . 10 Antimony 124 (Sb 1:4) ....... 10.. ... ...

lodine 135 (I 135) . . . 10 Suver 110m (As 110m) . I Antimony 1:5 (Sb 125) 10........ .. ... ....... ;

tridium 192 (Ir 190) 10 Silver 111 (Ag Ill) . . . . 100 Arsenic 73 (As 73) . . . . . . . 100 j..... , .... . ....

tridium 194 (Ir 194) . . . . . . . . . . 100 Sodium 24 (Na 24) 10 Arsenic 74 (As 74) . . 10
'

. .. .. ..... ..

fron 55 (Fe 55) 100 Strontium 85 (Sr 85) . 10 Arsenic 76 ( As 76) . . 10... ........, ....... .........

tron 59 (Fe 59) . . . . . 10 Strontium 89 (St 89) . . . . . . . . . . 1 Arse nic 77 ( As 7 7) . . . . . . . . . . . . 100 |... . ..

Krypton 85 (Kr 85) . . . . . . 100 Strontium 90 (Sr 90) . . 0.1o Barium 131 (Ba 131) . . . . 10 i.. ..... . .. .

Krypton 87 (Kr 87) . 10 Strontium 91 (St 91) . . 10 i Barium 133 (Ba 133) . . . . . . . . 10
!

.. . . .. ...
.

Lanthanum 140(La 140) . 10 Strontium 92 (Sr 92) . , 10
100 *; Barium 140 (Ba 140) . 10. .. .... . . ..

Lutetium 177 (Lu 177) . . . . . . . 100 Sulfur 35 (S 35) . . Bismuth 210 (Bi 210) . . . . . I. ...... . ..

Manganese 5: (Mn $ 2) . . . . . . . 10 Tantalum 182 (Ta 182) . . . 10 4 Bromine 82 (Br 82) . 10 i.... . . ....

Manganese 54 (Mn 54) . 10 Technetium 96 (Tc 96) 10 Cadmium 109 (Cd 109) . . 10 i... .... . .. ..

Manganese 56 (Mn 56) . . 10 Technetium 97m (Tc 97m) 100 Cadmium 115m (Cd i15m) . 10 i...... . . .

Mercury 197m (Hg I97m) . . 100 Technetium 97 (Tc 97) 100 Cadmium i15 (Cd i15) . 100....... .. .. ,

Mercury 197 (Hg 197) , , . . 100 Technetium 99m (Tc 99m) 100 Calcium 45 (Ca 45) 10 |...... .. . . .

Mercury 203 (Hg :03) . . . . 10 Technetium 99 (Tc 99) 10 Calcium 47 (Ca 47) . . . 10 i......... . .....

Molybdenum 99 (Mo 99) . . . , 100 Tellurium 125 m (Te 1:5m) . . 10 Carbon 14 (C 14) . 100 |... . ... ..

Neodymium 147 (Nd 147) . . . . . 100 Tellurium 127m (Te 127m) . . . . . 10 Cerium 141 (Ce 141) . . . 100 :.....
"

Cerium 143 (Ce la3) . . . . . . 100.

Cerium l44 (Ce l44) . . 1.......

September 1.1982 3012 LCesium 131 (Cs 13I) . 1,000........

CONTROL No 8 m 5 6 1
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U. S. Nuclear Regulatory Commission.

7- Region lli

f '799 Roosevelt Road
,

,

Glen Ellyn, Illinois 60137
.

Attn: Materials Licensing Section

Re: Cont rol Number 22150, License SNM-116

Dear Sirs:

This letter replies.to your request for additional information in letter form dated,

August 2, 1983 The responses below are numbered to correspond with the specific !

requests- contained _in the ref erenced letter.

1. Referenco steadards are stored'in a designated drawer in a laboratory which is -
kept- locked -unless occupied by an authorized staff member. . All other SNM is >

.- stored within the reactor laboratory security area. Reference standards are
accounted for by the quarterly leak tests. The remaining SNM is inventoried semi- <

onnually.

2. The attached document UWNR 100, section 6, specifies annual HP instrument call-
brations and quarterly checks. The attached document UWNR 177 is the procedure

. for HP' instrument checks and calibrations.
F

3 All staff' members who routinely use and supervise use of the materials are ?

issued R. S. Landauer, Jr. 6 Co. type -Z ITLD,'3 chips), Fast Neutron (Neutrak
1441 which'are changed monthly. Students in ou.- laboratory are issued type K

| ~ (TLD,' 3 chips) from the same vendor, which are also changed monthly. It is
; possible that the university will change vendors during the license period under
L the usual bid process, but dosimeters with similar capabilities would be used.
I 4. The attached document UWNR 176 details the leak testing procedure. The detector +

used to count -the swipes is an Eberline Model FC-2 flow counter operated without
a window. It is set up and calibrated by the Pu sources covered under license
SNM-ll6.

5. If dissolution or chemical treatment of material is carried out under the license,,

i

contaminacion surveyg are carried out at the end of each such procedure. Swipes
| are taken on a 100cm area using alcohol saturated filter discs which are then

allowed to dry and are counted in the detector referenced in item 4. The actionI

level for decontamination i s any detectable alpha activity picked up by the
swipe. Records of such surveys are retained in the research notebook of the

|

,
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U.S. Nuclear Regulatory Commission -2- August 5, 1983*

Individual doing the work and are locally posted in the area on a nonthly basis
' If any contamination is found.

~ 6. Students use licensed material only under the direct supervision of a laboratory
instructor who is a staff member authorized by the University Radiation Safety
Committee under the regulations referenced in items 7 and 8 of the application
for renewal of SNM 116. Students receive an orientation, outline of which is
given in the attacheu Student Laboratory Orientation Handout. Aside from
sealed PuBe sources, the students use only the 12.7 micrograms of SNM in the ,

plated reference sources.

Very truly yours,

/
,//|4./pa. . . 2 <&L,
R. J. Cashwell
Reactor Director -

RJC:mid
En c. UWNR 100

'

UWNR 176
UWNR 177
Student Lab. Orientation

! Handout
L-

Registered Mall
Return Receipt

!

|
~

. . . .



_ ,'~

/' ..

N.)\ .
.p
d|j

'~'

UWNR 100 Revision 14-*

RSC' Approval 5/20/83 Page 1 of 6
..

SURVEILLANCE ACTIVITIES ,- See UWNR 100A for details of activities listed and procedure
'index for techniques of measurements.

.l. . WEEKLY ACTIVITIES
.

. Wxk Date Initial Demineralizer Hold Vent System Intr GeLi.N -2

Inlet Outlet Tank Operable Alarm Add ed --

F. ph Res ph Res- Gal- (/) (d (d Operable Date/
>, 2 >1 *4 Emerg Room BP & Date/ Initial

'

M n Cm M/ lcm
' "' *

1.

2.

3.

'4.
5.-

*
,

. Support liquid waste disposal with completed UWNR 109A Date+1

. .

| : 2. MONTHLY ACTIVITIES

Date Initial Item ,
_

Radiation Survey Performed (See Page 4;j)
Personnel TLD's Changed (Environmental TLD's Quarterly)

Beam Port Monitors Operable

HV Monitor Scram and Alarm Operable hoiENg" _"
Pool Level Scram and Alarm Operable (Ext Alarm Jan & July)

1250F)Core Inlet Temp (1300F) Scram and Ai(nrm Onerable

.
Check and/or Clean-Pilters per 100A List

I (1/ml(4 3x10-7-UWNR 1000)Primary H90 Activity n
- Secondary H O Activity ,u C1/ml(4 3x10-7-UWNR 1000)2

| If Demineralizer was regenerated, indicate date (UWNR-108)

|
12 Intrusion Alarm Switches Operable

3. SEMIANNUAL ACTIVITIES

To be performed May & November or after major maintenance.

SCRAM DELAY TIMES
^" ^" ^"*Date INITIAL ELEMENT

MSEC RELEASE TIME MSEC (RELAY SCRAM)
(UWNR 168) MSEC (UWNR 167)

Shim 1 (<60 moe=u) (< 2 sec)
Shim 2 (460 msec) (< 2 sec)
Shim 3 (<60 msec) (< 2 sec)

Trans .
_

(< 2 sec)
! MONTH
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1,

i

'(July .and January af ter ' Power' Calibration)
3

Date Reactor Pulsed to ~1.4% core Loading ;
i

- f initial Peak Power MW Fuel Temp' C.

Compare with MW and "C l

L previous 6 months or in present core. !

4. ANNUAL ACTIVITIES
.

J

Initial

L January Power Level Calibration completed
UWNR 170 to be inserted in log. ;

, ,
\

1
-January Air Monitor Calibration' completed. I

UWNR 171 to be inserted in log. |
.

L
' December Fuel element dimension checks and Visual Inspection;

Inspection of control el.ements and other underwater
components. Report results to RSC.

.. December Calibrate Fuel Temperature Monitors.
per UWNR 173.

June Date _,

~ Core Loading Ehutdown margin
Excess reactivity % AK/K at core exposure

,

of MW days.
,

' Shutdown margin with most reactive element and reg blade -j

full out % ( > 0.2% AK/K) |
s

Control Element Worths (% lSK/K) |

#1 #2 #3 Reg Trans 1
i

s2 1.4% AK/K |
I i

| )

5. As Required
i

If solid waste was transferred to Univ. Health Physics iDate
; Insert completed UWNR 100B form in log. |' Initial .

.

6

'

e .

.
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6. - PREVENTATIVE MAINTENANCE SERVICES (Per UWNR 100A)

Jan Feb Mar Apr -May June ' July Aug Sept Oct Nov Dec '

0 0
Fission Counter
Channel
. Power Supplies o o

Ricorders- o o-

Log N o o

PA #1 o o

PA #2 o -o-
.

Servo o o

B1*de Drives 1,2,3- o o

Drives-Reg, Trans,FC o o

Lubricate Fans, g g. g. 9
Motors, Pumps, AC

Arca Monitors o o

Air Monitor o- o o o

HV Monitor oo

Lirk Test all Pu Pu

Sources, Send Record Only Only
to U. Health Physicist

Intrusion Alarm o o o o

Chsck Logic Element,
Trip Actuators ~

L Water Process o o

! Instruments
Hs11th Physics o-Check
In9truments Cal-Calibrate o o o Cal

,

Emsrgency Procedures
' Drill Performed o o

Rnview Procedures
00001-149, 150-up o

| &. Submit to RSC for
|~ ' Approval

Continuous
~ Air Monitor I; o o o o

|

MONTH

_
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i

2SWIPE TESTS (100 cm Area--See Page 5 & 6 for location) .!

l
y

Date performe'd Initial <

!

pCi/100 cm.2LOCATION pCi/100 cm LOCATION

l

A J

B K ,

'C L

D- M
.

E N
'

F 0

G P

H O

FILTER RADIATION LEVELS & .d P READINGS WITH FAN RUNNING

.Date. Initial

,

FILTER MR/HR in H O (LIMITS)
2

BP & TC VENT (.25-2.5)

(.25-2.'5)ROOM EXHAUST '

'~EMERG EXHAUST

ROOM 132 FUME HOOD (.25-2.5)

(.25-2.5)ROOM 43 FUME HOOD

,

e

.

'

. .

.
. - . _ - - . - - - _ . .
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PARTICULATE AIR SAMPLES,(llWNR-172)
..

RADIATION LEVELS, AREAS- 1. - 22.,(mr/hr.)L. -

.a?

~ DATE PERFORMED DATE PERFORMED I. U,
_

-POWER LEVEL I.DEMIN.' AREA ' #Cl/mi -

[, lNITIAL H. CONSOLE AREA #Cl/mi

_

.

l

.|i

/6.- 3. -\. j
,.. ,

p- 7
8.- i

l '. !
ID
i

|O' 4. C. ,

i
o

1 9.',

,

_

B.
'

.!

!

5. 10.

O N / !
\

11. \ l
'\f K. J, 12. Tj

'

-T ( A.C. FILTERS) 'jy

\
/, '

| A.
-

2.

H.
4

_

fMONTH-
_

4
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UWNR 177 Revision 1
".

RSC' Approval 5/20/83 Page 1 of'2

PROCEDURE FOR USE AND CALIBRATION

OF HEALTH PHYSICS INSTRUMENTS

Use of Portable HP Instruments

In addition to the normal steps of battery test and zeroing (where provided on
the instrument), the response of the instrument to a standard source must be
checked before each use and occasionally during long periods of use.

The detector is placed into the appropriate position on the standard source fix-
ture. The instrument must read within 120% of the indicated source response.

If the instrument does not meet this requirement, it is to be removed from ser-
vice by removing the calibration tag and returning it to the electronic shop.
If failure to respond to the source was a result of low batteries, the instru-
ment may be restored to service without recalibration if it responds properly
to the source after battery replacement. Replacement of any component other
than the battery requires a complete recalibration.

Checks and Cn11brations

Each instrument in routine use will be checked on a quarterly basis by perform-
ing steps 1-6 of the precalibration checks. The instrument will have the entire
precalibration and calibration performed on an annual basis.

'The scheduled checks and calibration will occur per the schedule contained in
UWNR 100, using the attached procedure.

A number of older instruments are retained for special purpose use and demonstra-
tions. These instruments are not to be used for general'HP purposes unless they
are calibrated according to the manufacturer's instruction book before use.

- . _ .



ee ,

.' LO
,,o _-

-- 10.

--_.t

UWNR 177,3

43 _

Page 2.of 2

h

'

PRECALIBRATION CHECKS.~
.

P
,

| '1. ~No physical damage.
p

2. . No contamination found with_end-window GM. instrument.
'

13. Meter reads zero or minimum on-scale marking when instrument is-
' ' t'urned off.

4. One minute warmup _ time before further checks.
li

5.- Battery checkf(if any) within designated meter reading and each-
L. ,

L battery is' greater than or equal to nominal battery voltage.
; For rechargeable battery,-instrument battery check indicates o.k.

:when not plugged into AC power source.
| '

E 6. Reproducibility checked by_ exposing detector to same field three-
times (fixed source to detector distance, turn _ calibration range:

:on and off). Instrument must. read within 10% of_mean reading,
~
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.

APPENDIX
.

CALIBRATION METHODS

:A.1 GM Instruments

PRI Model 1070'

NOTE: .04 mr/hr rangecis not calibrated..

1. Range Irradiate with Adjust Check within 10% at
I

2 mr/hr 0.1 mr/hr Cal pot 10.15 mr/hr.

2 1.0 Trimmer 2 0.25,1.5 mr/hr" "

" " "20 10.0 Trimmer 20 '2.5, 15

2. . Affix calibration tag and log in calibration log.
.

NUCOR CS-30

1. Remove probe. Connect pulse generator through a .01 pfd >1000 volt
capacitor into detector input. CAUTION: HIGH VOLTAGE PRESENT AT
CONNECTOR. Insert negative 0.1 volt pulses and calibrate per table ,

below.

Range Frequency Adjust-for reading with

X1 300 cpm - 5 Hz R10

X10 3000 cpm - 50 Hz R11

X100 30000 cpm -.500 Hz R12

2. Turn' instrument off and connect probe. . Irradiate probe with 1. mrem /hr.:
Attach tag "approximately cpm per ar/hr". Fill in value found in
this step.

3. Affix calibration tag and log in calibration log.

EBERLINE RM-14

1. Remove probe. -Connect pulse generator through a .01 fd 1000 volt

capacitor into detector insert connector. CAUTION: HIGH VOLTAGE
,

PRESENT AT CONNECTOR. Input a negative 0.1 volt pulse and calibrate {

,as per table below.

Range Input Frequency Adjust for reading with
;

X1 360 cpm - 6 Hz Caix1

X10 3600 cpm - 60 Hz Caix10

X100 36000 cpm - 600 H7 Calx 100

2. Turn off and replace detector. Turn on and irradiate probe with 1 mr/hr.
Attach tag "approximately cpm per mr/hry". Fill in value found in
this step.

, - . .. - -
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EBERLINE RM-14 (continued)

3. Affix calibration tag and log in calibration log.

EBERLINE E520

* Note: The.x100 range uses the detector built into the case and, thus, that ;

detector must be positioned at the appropriate position when calibrating i

that range,
i.

1. Range Irradiate with Adjust Check 110% at

. 01 0.1 mr/hr .01 Cal .15 mr/hr
" " "

.1 1.0 .1 0.25,1.5
" " "

1.0 10.0 1.0 2.5.15.0 3

10.0 100.0 - " 10.0 25, 150.0 |" "

" "
*100.0 250.0 100.0 --

:

2. Affix calibration tag and log in calibration log.

B. Ion Chamber Instruments ;

NOTE: CaiPLETE CALIBRATION MAY REQUIRE USE OF HIGH DOSE RATE CALIBRATION :

RANGE. THE NOTATION (h) IN THE TABLE BELOW INDICATES A DOSE RATE OBTAINED
FROM~HIGH RANGE.

PIC-6A

CAUTION: HIGH VOLTAGE HAZARD IN NEXT STEP.

1. Connect an electrostatic voltmeter to high voltage output. With instrument
in background radiation level and range switch on R/hr range, adjust R18
(high voltage adjust) for an output of 3100 volts.

2. Turn instrument off and disconnect voltmeter. Install meter in special
case with cutout for adjusting appropriate range calibration pots.

3. Scale Irradiate with Adjust for reading
1

mr/hr 1 mr/hr R10 (mr/hr zero) ;

250 mr/hr R12 (mr/hr span) |
If R12 is adjusted, repeat sequence.

4. R/hr 1 R/hr(h) R9 (R/hr zero)
|i|100 R/hr(h) R11 (R/hr span)

) If R11 is adjusted, repeat sequence. |
1 R/hr(h) on mr/hr range

Check response is within 10% at:

5. Place back into instrument's own case. Affix calibration tag and log in

|
calibration log.

_ _
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'1. Set range. switch to " SET". Turn zero control 3/4 revolution;from extreme
-

CCW.- Adjust internal coarse zero (R13) for zero reading after 1 minute
warmup.-

-- NOTE: TWO DIFFERENT FULL SCALE INSTRUMENTS - USE APPROPRIATE TABLE BELOW
NOTE: SET ZERO ON EACH RANGE BEFORE ADJUSTING CALIBRATION

Range Switch Irradiate with Adjust Check 110% at

Full scale = 5

2. - x1 mr/hr 2.5 mr/hr x1 1,5 mr/hr

x10 mr/hr 25 mr/hr x10 10,50 mr/hr
x100 mr/hr 250 mr/hr x100 100 mr/hr

P. 3. xl' R/hr 2.5 R/hr(h) xik . 1,5 R/hr
x10 R/hr 25 R/hr(h) x10k 10,50 R/hr

' Full scale = 2.5

2. x10 mr/hr 25 mr/hr mr Cal
i:

3. x10k mr/hr 25 R/hr(h) R Cal
1,2.5 mr/hr1 mr/hr- -- -- ---

10 mr/hr10 mr/hr- ---- --

100,250 mr/hr100 mr/hr -- -- --

1 R/hr(h).1 R/hr -- -- --

10,25 R/hr(h)10_ R/hr -- -- --

4. Affix calibration tag and log in calibration log.

VICTOREEN FALLOUT METER-

Range Irradiate with Adjust Check 10% at j
1. x1 2.5 R/hr(h) x1 (F10) 1,5 R/hr(h)

x10 (R11) 10,50 "x10 25 " ,

_ |l(x100. 250 x100(R12) 100" "

2. Affix calibration tag and log in calibration log.

3. Remove batteries; store with meter in emergency kit in room 141. ,

,C; ' Neutron Survey Meters'

SNOOPY (TRACERLAB NP-1)

1. (a) Turn HV-set pot R1039 full CCW.
(b) Place PuBe source near detector.
(c) Slowly turn R1039 CW until a constant level is indicated.
(d) Turn R1039 three turns CW to set to optimum point on plateau.
(c) Remove neutron source and expose to y calibration range at closest

distance to assure no response to y. If gamma response occurs,
reduce HV setting to eliminate (not more than 1 turn on R1039).

. . - . , . . . _ .
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SNOOPY (TRACERLAB NP-1) (Continued)

2. Position PuBe source #516 or #517 at distances given in the table below ,3

and adjust or check readings as shown in the table. Source and detector
must be- suspended so that reflection or scatter of neutrons from hydro-
genous material is minimuzed.

Range Source (detector distance (cm)) Adjust or check

20 mrem /hr 50 Adjust cal pot (R1029) for-
meter readitig of 9.1 mrem /hr

200 mrem /hr 30 25.3 mrem /hr i 10%

2000 mrem /hr 30 25.3 mrem /hr i 10%

2 mrem /hr 151 1 mrem /hr i 10% i

3. Affix calibration. sticker and log in calibration log.

EBERLINE PRM-5 AND BALL
,

Since we have no neutron sources large enough to calibrate the top range, the
instrument is calibrated by determining the relationship between counts / minute
and mrem /hr using a 1 CLPu-Be source and then setting scaler.up using a pulse
generator.

1. Place detector in highest gamma field available from source range. Increase
HV setting until gamma counts begin to indicate; then turn voltage down until
gamma counts are just eliminated.

2. Set up a NIM bin with a scaler and a pulser with variable frequency capability.
For lower ranges, the pulser will have to be operated with an external frequency
generator to get low enough rates.
NOTE:- Re scaler will count one-half the actual frequency input, but subsequent
stepe involve using the scaler reading as indicated.

3. Connect the phone output of the meter into the input of the scaler so count rate
can be. determined when the detector is irradiated with a neutron source. The
output is a square wave which will trigger the scaler on either + or - input.

4. Position a 1 Ci Pu-Be source (#516 or #517) 30 cm from the center of the detector
ball. Using the scaler, get a statistically significant count of neutron pulse

rate (>4000 counts--a 30 minute count is advisable).
Calculate C (CPM / mrem /hr) by

Counts
"(Counting time in minutes) (25.3 mrem (hour)
(C is about 20)

|
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EBERLINE PRM-5 AND BALL (continued)

(a) The model PRM-5 count rate meter has been modified for use as a neutron survey
meter. The modification consists of

bi

(1) . Changing the meter scaler to indicate mrem /hr instead of CPM.
-

(2) Shorting the GROSS PHA switch so it always is in GROSS mode.

The digital count rate meter can be made to operate with the detector by
switching high voltage power supply boards (P210A). The neutron meter
needs the higher voltage supply. 1

Adjustments:
4

(b)S. Turn instrument off, remove from case and remove the high voltage power sup- j

ply (board P-210A). Li
!

6. Set up pul'ser for a negative 100 milivolt pulse with faster than 1 microsecond l
rise time and a short fall time. Connect pulser output to instrument input.

l
7. Determine count rates equivalent to:

8 mrem /hr = 80 g

80- mrem /hr = 800 l
800. mrem /hr = 8000

-|8000 mrem /hr = 80000
+

8. Turn R2, R3, R4, and R5 full clockwisc.

9 With input set per table below, make the indicated adjustments.
Set pulser to (ppm) Adjust for Reading of

(mrem / hour) |

8C R2 8 |

80C R3 80
I

8000 R4 800
8000C RS 8000 |

10. Turn instrument off. Reinstall high voltage power supply and assemble
instrument for normal operation.

11. Check for instrument readings with source distances in table below:

Source-Detector Outer Distance (cm) Reading (mrem /hr)

15 101 10%

30 25.3 10%

50 9.1 10%

100 -2.3

12. Affix calibration sticker and log in calibration log.

- . ., . _
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RADIOACTIVE SOURCE LEAK CHECK
,

LSPECIAL PRECAUTION: On Pu eaurces #510 and 511, DO NOT SWIPE THE SOURCE:
Swipe the inside of the source holder, Swiping the source will nearly always
remove enough material to be detectable. Alpha count all Pu containinF source
swipes. Count alpha swabe in a windowless counter.

To leak check sources: Thoroughly saturate a cotton swab with alcohol. Wipe
entire surface of source with swab. Allow time to dry; count swab; determine

,

activity, and record in the appropriate space on attached sheet. Send com-
pleted sheet f.o. the University Health Physicist.
SOURCE LOCATION SOURCE ACTIVITY SWIPE ACTIVITY (pC1)

1. Pu-SRL scorce drawer in
P-510 _ counting room

(10000.D/M 12/74)
~

scorce drawer in2. Pu-SRL
P-511 counting room

(10000 D/M 12/74)
3. Pu-Be #928-1 Ci reactor pool

6 6
(1.80x10 n/sec 11/18/60) 2.22x10 n/sec 11/81 1

4. Pu-Be #516 '. Ci source barrel 6
(1.83x10 n/sec .8/23/61) 2.12x10 n/see 11/81 |6

S. Pu-Be #517-1 Ci source barrel
(1.80x10 n/sec 8/23/61) 2.08x10 n/sec 11/81 ;|6 6

6.-.Cs137 pig in dog-house
(40 mci 10/59) 24.1 mci 11/81

7 .' Cs137 pig in dog-house
(150 mC1 4/58) 87.4 mci 11/81 |

1378. - Cs calibration range

(1 C1 1/58) 529.0 mC1 11/81 |

9. Co60 pig in dog-house
(25 mC1 5/15/63) 2.2 mC1 11/81 |

10. Sr90-30 uC in area monitor
Counting room

11. Sr90-30 uC in area monitor

Pn Tube

12. Co60- pig in Rm. 5F
.(300 mC1 7/28/65) 33.2 mci 11/81

|3 lifting handles

Signature

Date

\

_
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STUDENT LABORATORY ORIENTATION HANDOUT
-

a:
4

1. EVACUATION PROCEDURE

,

The evacuation alarm consists of continuous horns and flashing lights. If
you hear the' alarm, evacuate immediately to Mechanical Engineering Building Lobby ~ ;
or point more distcat from the Reactor Laboratory. Do not take route that will |-get you closer to the Reactor Laboratory.

!

Do not re,-enter area until given all-clear signal by reactor operation staff

2. _ RADIOACTIVE MATERIAL HANDLING

You will be handling sealed sources, alpha sources, and material irradiated
in the reactor.

|

A. Always wear personnel dosimetry equipment provided on front of body,
between waist and neck.

~
1B. Always survey any iten other than the small check sources stored in the

Counting Laboratories.

C. Do not touch surface of alpha sources or foil surface of beta sources.
2

D. Always handle irradiation foils with tweezer.

| E. Any sample irradiated in the reactor must be assumec to be contaminated.-

'

Always (1) Wear gloves,
(2) Wash hands afterwards,

-(3) Survey hands and report to lab instructor or reactor staff if
p contamination is found.

F. Never place radioactive material in regular trash cans. . Specially marked
stainless steel cans are available for radioactive waste disposal. ALWAYS
consult instructor.before disposing of radioactive material.

G. No smoking, eating, or drinking in any areas where radioactive material
is stored or used.

H. You should wash hands before leaving laboratory areas. Leave personnel
dosimeters in racks provided.

I. Although the Nuclear Engineering Department has made extensive efforts to
prevent your exposure to hazardous materials, radiation safety precautions
are stressed as part of your training.

J. Special instructions regarding radiation exposure to females are contained
in Regulatory Guide 8.13. Ask your instructor for a copy of this guide to
read.

K. Radiation exposure records are posted on the Reactor Laboratory bulletin
board and you may obtain information on your radiation exposure upon
request.
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'3. SECURITY , ' -

A. All areas containing radioactive material must be locked if not occupied I
by: persons familiar with radiation safety.

B. The Reactor Laboratory is a highly restricted area. You must be. H
accompanied by your instructor or reactor staff to remain in the area.- i

DO NOT BLOCK OPEN DOOR OR ATTEMPT TO DEFEAT LOCKS.

C. - Do~ not attempt to operate or adjust equipment except on laboratory set-
ups under direction of laboratory instructor or reactor operating staff.

D. Always report any condition you feel is potentially unsafe to your
instructor or the Reactor Supervisor.

.

E. -Refer any questions on radiation safety to instructor or labor ~atory staff,

d
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