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PRIVACY ACT STATEMENT

Pursuant 10 5 U S C 552a(e)(3), enacted in1o law by section 3 of the Privacy Act of 1974 (Public Lew 83-578), the follow-
ing statement s furnished 10 individusls who supply information to the Nuclesr Regulatory Commission on NRC Form
313, This informption is maintained in 8 system of records designated as NRC.3 and described st 40 Federal Register 46334
{October 1, 1975).

1. AUTHORITY: Sections B and 161(b) o1 the Atomic Energy Act of 1954 as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE(S): The information is evalueted by the NRC statf pursuant 1o the criteria set forth in 10 CFR
Parts 30, 32, 33, 34, 36 and 40 1o determine whether the application meets the requirements of the Atomic Energy Act of
1864, as amended, and the Commission's reguletions, for the issuance of o radioactive material license or amendment
thereof,

3. ROUTINE USES: The information may be (a) provided 1o State health departments for their information and use,
and (b) provided to Federal, State, and locel health officials and other persons in the event of incident or exposure,
for their information, investigation, and protestion of the public health and sefety. The information may also be dis
closed 1o appropriste Federal, State, and local agencies in the event that the information indicates 8 violation or potential
violation of law and in the course of an administretive or judicial proceeding. In addition, this information may be trans
ferred 10 an appropriate Federal, State, or local agency to the extent relevamt and necessary tor an NRC decision or 10
an appropriate Federal agency 10 the extent relevant and necessary for that agency's decision about you,

4 WHETHER DISCLOSURE 18§ MANDATORY OR VOLUNTARY AND EFFECT ON INDIVIDUAL OF NOT PROVID.
ING INFORMATION: Disclosure of the requested information s voluntary. If the requested information is not furn.
ished, however, the application for radiosctive materia! license, or amendment thereof, will not be processed. A request
that information be held from public inspection must be in accordance with the provisions of 10 CFR 2.780. Withhold-
ing from public ingpection shall not attect the right, if any, of persons properly and directly concerned need 10 inspect
the document,

5 SYSTEM MANAGER(S) AND ADDRESS: U .S Nuclear Regulatory Commission
Director, Division of Fuel Cycle and Material Safety
Oftfice of Nuciear Material Satety and Sateguards
Washington, D.C, 2065656

NRC FORM 313
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Addendum A

Radioactive Material



. clement and Mass Number Phosphorus - 32
Chemical and/or Physical Form Aqueous nucleotides

Maximum possession | millicurie



Addendum B

Purposes for which Licensed Material Will be Used



Licensed material used 15 incorporated 'n the GENE-TRAK
Systems pre-packaged, pre-labelled, and pre-tagged kit for
detection of microorgenrisms in test specimens The test

16 an in-vitro diagnostic assay similar to clinical radio-
immunoasseys The usual amount of 1sotope handled at one
time will be 75 microcuries or less



Addendum C
Individual Responsible for Radiation Safety Program and
Their Training and [xperience



The Radiation Safety Officer »!! b= Mone Gleason

Mr. Gleason will receive two doys of hands-on trommq ot

GENE-TRAK Systems, Framingham, MA The irsir 111 cover the
saTe use and handling of ragdiosctive materisl A :::{.’ :‘ the course outling
1$ appended

All laboratory personnel that will be using the GENE-TRAK
assays will receive on-site training at Microbac ! abs , upon
issuence of the license. The trainmng will consist of 1wo deys of
traimng congucted by GENE-TRAK personnel. A certificate of trammng
be1ssued to esch !g[.m‘g!:"'; s1811 member upon completion o the on-:

trayrinn
SR~ g

The course 1s two days in duration and covers the following
topics

principles and practices of radiation protection,

radioactivity measurements, standarization and monitoring
techniques and instruments,

mathematics and caiculations basic 10 use and measurement of
radioactivity, anda,

biological effects of radiation

112
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W o i
\ ramingham. Massechusetts 01701
g TEMS 6178723113

CERTIFICATE OF TRAINING

| W

This is 10 certify that, : //(4‘ AR ‘/;L{.«'.‘?s_é_'_._f.s—_,_ i e
from___ Xz ume_c,... S e N VS
received training in the performance of the GENE-TRAK Assay and its
attendent use of Phosphorus-32 labelled material. The training was conducted
at GENE-TRAK Systems, Framingham, Massachusetts. The training was
conducted by GENE-TRAK Technical Services Department Personnel. The
training was conducted on _} bl 1Y God 15, JI5K il

The training covered the following topics:

Principles and practices of Radiation protection

b. Radioactivity measurements, standardization and monitoring techniques
and instruments,

c. Mathematics and calculations basic to use and measurement of
radioactivity, and

d. biological effects of radiation.

)
Signed: //)‘z sal NIrilel

Date: /' e /9, 1911
| ;

NRC/Agreement State



’ GENE-TRAK Systems
Schedule of In-House Training

Day 1
AM.

Introduction to Gene-Trak Systems

Review the agenda

Review of the assay protocol

Start assay procedure, filter pre-prepared samples

Discussion of the principles of the procedure will
accompany each step of the procedure

P.M.

Introduction to Radioactivity
Blological Effects of Radlation

' Recordkeeping and Regulstory Requirements
Viewing of a video tape on radiation protection

Day 2
AM.

Continue with the test procedure in the laboratory
Add Pre-Hybridization Solution

Discussion of radiation protection

Add Kybridizstion Solution and Prebe

Continue discussion of radiation protection
Pertorm recordkeeping tasks

PlMl
Radlation measurements and instrumentation

Count fliters and review data
Clean-up and radioactive spill procedure

® g
LI VR WS J



Technical Training Course outline

1. Introduction to Radioactivity
A. Definition
B. Types of Radiation
i. Modes of Radioactive Decay
i. Units: Curie, DPM, Half-life, Range, etc...
2. Biological Effects of Radiation
A. Energy and Injury
B. Absorbed Dose
i. Units
ii. Limits
C. Eftects of Low Level Exposure
3. Radiation Protection
A. Standards for Radiation Protection (10 CFR Part 20)
B. Intemal and External Exposure
C. Time, Distance, Shielding
D. Safe Laboratory Practices
E. Personal Dosimetry
4. Radiation Measurement
A. Surveys
i. Geiger-Mueller Counter
B. Beta Detection Instrumentation
i. Scintillation Counters
ii. Gene-Trak Beta Detector
a. Principles
b. Efficiency

f Vv v



#
@
' 5. Recordkeeping and Regulatory Requirements
5 A. Radioactive Material License
il B. Responsbilites of The Radiation Safety Officer
' C. Posting Requirements
< D. Recordkeeping
12 . Reoeipt of Radioactive Materials
k’" b i. Contamination Surveys
iii. Waste Disposal
X a. Liquid
b. Solid
iv. Inventory

v. Personal Dosimetry
vi. Instrument Calibration

o
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Introduction to Radioactivity

Nuclesr species are grouped into Tamilies having certain common
charscteristics A nuclide '¢ characteri2ed by the exact nucleer
composition. For exemple

120 16 131
€, "0 eond [
all are nuclides

Nuclides having the same atomic number (same number o1 protons),
sre colled 1sotopes " 5 &
‘0.5" ‘s'lanol."l

all are 130topes

An 1sotope 1s $810 L0 be radioactive 1T the atoms of that 1sotope
ore undergomg spontaneous d‘SMt.QFQUOﬂ This process 18 known as
radioactivity

The general concept 1s that an unstable nucleus (parent), gives
rise to 8 more stable product (gsughter), through radioactive decay. The
deughter may still be radioactive and decay agein. The result 1s the
trancition.of one nuclear species to another and the transformation of
mass into energy

There are severs! modes of radioactive decay Wwhen 8 neutron i
converted to 8 proton and electron, the electron 1s ejected from the
nucleus and 1s called a beta particle. For example, phosphorus-32 i¢ In
an unstable state In order to become 8 more stable moiecule 1t must
release energy. It does thig by emitting an electron thet takes with it
excess energy. Energy is released in the form of kinetic energy and the
enerqy mparted Lo the ejected electron. The bete particle has 8 spectrum
0f energy that 1s predicted and can only penetrated & small thickness of
z0l1d matera)

In decay by alphe emission, the nucleus ejects an alphs particle
which consists of 2 neutrons and 2 pratons (a hellum nucleus) Heavy
radionuclides, such as uranium-233 and 1te daughter products undergo 8
series of alpha and beta Aecay events to transform into lighter, more
stable nucliges Although very #nerqetic, alphd particles have § very short
range tn s011d materis)

/3




Atomic sng nuciedr processes often result in the emission of
electromagnetic *sgigtion such 8¢ X-roys or gommae roys
Electromagnetic ragiation 15 & packet ot enerqu called o photon A photon
Nas NO Mess or charge snd travels ot the speed of light. Becduse of these
chersclerstics, x=raus sre deeply penetrating but trensfer lttie energy

The above moges of radioactive decay a=e described 8¢ 1on1zing
rodiation. lom2ing redistion i¢ any form of radistion that can directly or
meirectlyomze molecules inate psth Directly ionizing radistion ’
congiste of particies having sufficient energy to produce 1on1zetion by
cothzion Bets perticles are the mejor class of directly tonizing
particles, eg. =P, 'He W Indirectly 1on1zing radiation consisic of
uncharged perticies, such as gammae rays and x-rays thet can produce an
on pair

The activity of ragicactive material 1s expressed in terme of the
Curie (Ci). ' Cure 15 equal 10 2.22 X 10'_2 disintegrations per
minute. | microcure (1 uCi) = 2.22 x 10° DPM.

The half-life is the length of time 1t takes for one half of the
stoms to gecay to a more stable form. Therefore, the rate of emission of
bete particles 18 girectiy proportionsl to the number of ragioactive atoms
present. Example

2p has 8 half-life of approxumately !4 days. If & probe
solution contains 100 uCi on dey |, how many days must
pess until there are 75 uCi remeining?

7 days

If SOR, or SO uCi will be gone after the end of 2 weeks,
then 258 or 25 uCi will be gone at the end of | week.

The maximun thickness of 8 substance through which 8 bete
particle will penetrate 1s referred to as the range The range s relsated
to the deniity of the material 50 that if une knows the range 1n a material
o1 1 unit genstity we can divide by the new material density to determine
the renge txampie

TY
“Fhasar ‘ange or O 5 Cman 8 materal with 4 Jeneity ot

10 gm/ cm~ (1 wotPr and soft theeye) |If mo density of
Qlaes 15 2.3 'mhrnv what 15 the ranne af ~<p in qlese”



08 cm
logm/cm3

therefore




Biological Effects of Radiation

Pagistion cen cause injury to living cells by transterring energy
to molecules with which 1t interscte. lonizing radiation dizrupts the
moleculer structure by stripping the orbital electrons from the electron
ghells. The emount of cell damasge 1s directly proportional to the amount
of 1omzing radietion. Some repairing occurs, however the unrepsired
osmage can accumuiste resulting \n permanent demage to organs snd
Lissue Oor cancers

Effects of 1onizing redistion depend not only on the emount of
aneray involved but the location, extent of the region exposed and the
duration of the exposure Radiation 1s different from other harmful
agents, 1e heet, noise, cold, etc, 8s we cen sense these Radiation has no
direct sensory werning.

That's why limits on radistion exposure have been deveioped. They
are derved from epidemiological ead laboratory date on the relationship
between the radistion exposure and the expected biologicel effect.

The absorbed dose is the emount of energy transferred to the
matter divided by the mass of thet metter The abso ped dose can be
gifferent in vamous regions of the body Rad, the radiation absorbed dose,
1s the term used to describe the absorbed dose

lrad = 624x 107 Mev/gm



Note The basic unit of energy is the electron voit (eV)
One eV 1s the omount of energy ocquired by on electron
when 11 sccelerates tarough an electrical potential of

gne volt. 10 Mey = 10° eV

The dose equivalent is the basic quantity 1n radistion protection
The injury produced depends on the emount of energy Imparted on matter
sorne types of redietion produce greeter effects than others with the same
amount of enerqy imparted, for example, &n slpha particle produces mare
injury then an electron. These differences are mainly due the mass of the
particles. Vo provide for these differences the concept of relative
biological effectiveness (RBE) was developed The RBE for alphes
particles is 20, for neutrons 11 18 10, and for x-rays, gamme rays and beta
particles1tig 1 O

The rem i< the umt of dose equivalent and is calculated by
multipiying the rad by the RBE. In the case of 32p the rem is equal to the
rad and | rem is equal to 1000 millirem (mrem).

| rem = | rad x RBE

Different parts of the Body are more or less sensitive to
radiation than other perts Radiation effects the most rapidly growing
Lissues first ancd foremost, 1e. lens of the eye, intestinal 1ining, hair
follicles and gonads.

Limits on ragigtion exposure have been developed by the United
States Nuclear Regulatory Commission (NRC) and are printed in the Code of
Federal Requlations, Title 10, Chapter 1, Part 20. Some of the more
Impartant ones are:

whole body, (including gonads, 5.0 rem/yr
ienges of the eyes, and
red bone marraoy)

Skin 1S rem/yr
Hangs 79 rem/yr
Pregnant warmen (Wwith respect 0.8 remiyr

to the retus)



It1s sometimes eas'er Lo appreciate hazards when one comperes
estimoted 1oss of life expectancy from heaith risks The folowing have

. been derived by the NRC, Office of Standards and Development, 1960+
Estimated averege
th Rig gays of life lost

Smoking (1 peck/day) 2,370 (6.5 years)

Overweight (20%) QES (27 yeers)

Auto sccidents 200

Alcohol consumption (US average) 120

Sefest job (tesching) 30

Netural background radiation 8

Medicel x-rays )

| rem ocupetional dose* I

I rem/yr, 30 yeers 30

S rem/yr, 30 yeers 150

* industrial average is 0 34 rem/yesr
** Miller, B, 1966, Laboratory Safety: Principles and Practices,
Americen Society for Microbiology

The quantities of radioactive material used in the performence of
GENE-TRAK assoys are well below what is necessary to cause any type of
immediately detectable effect. Of more concern 15 the potential long term
effects thet can result from chronic exposure to even low levels of
redistion. At the present time there is no threshold dose for these long
term effects. Although the rsk i1s smail, common sense tells us thet
radiation exposure in the 1ab should be xept “As Low As Ressorsbly
Achievable”. This ALARA concept has been adopted by the NRC and cannot
be overemphesized!



Radiaetion Protection

As slated earher, the standards for radiation protection are
formulsted by the NRC Code of Feders! Reguietions, Title 10, Part 20, but
1t 18 much essier Lo remember and sdopt the ALARA concept. Regerdless of
the limits of redistion exposure, it should be maintained that the geners|
policy 1s to avord any unnecessary exposure 10 10nizing radiation.

Exposure Lo regioactivity con be clessified as either internal or
external exposure. Internsl exposure comes {rom inhalation, injestion,
or penetration of a radioactive materiel (e.g. absorption through the skin)
Some basgic rules for avoiding interns) radiation doses are:

0o not eat, drink or smoke 1n the laboratory
L0 avoid accigental injestion.

wear protective clothing and gloves to protect the skin
and avoid possible absorption of radioactive materisl.

wash your hands efter performing procedures involving
radionuclides

In certain chemical forms some radionuclides, e.g. '251, are
volatile. Prevent inhalation by using & fume hood and keep the
source container capped when volitile chemical forms are
possible.

Radiation exposure from external sources are those that deliver 8
dose from outside the body. Protection from external sources of radiation
1s accomplished through Time, Distance and Shielding Obviously the
longer one 1s exposed to the radiation source, the greater the number of
particles will be incident on the body, therefore the greater the dose Wwe
cannot feel radiation, so there is nothing to remind us of the exposure
One can limit the time, and therefore the length of exposure by knowing
the procedures well and perfecting technique.

By increasing the distance between you and the source you can 8lco
lmit expozure. The intensity varies inversely vith the square of the
distance E.ariple

whet 15 the requcton o exposure when a radicactive
source 1S move from 1o cm 19 100 ™



The distance 18 increased by 8 1actor of 10, therefore
our equetion reads as follows
| | |
. IS e, T o
d.

. R 00

By moving our source bu 8 Tactor of 10 we have reduced our
exposure 100 times. In other words, the number of beta particles incident
on the skin will be 1/100th the number at 10 cm.

Another means of reducing ragiation exposure 1s to place &
ragiation-absorbing shield between yourself end the radionuclide. When
working with *“P, the most commonly used type of shielding 1s Lucite
plastic. Shielding isn't quite a¢ simple @s calculating the range of 8
particle in @ particular substance. when a beta particle strikes a target it
may result in the emission of x-rays from that target. These x-rays are
Known as bremsstrahlung radiation The efficiency of the x-reys
produced increases with increasing atomic number, therefore it 1s better
to shield beta emitters with alumicu oo plaatics, cather than steel or
leac

‘ Limiting the time of exposure, Incressing the distance between
you and the source and using 8 shield are all important things to consider
while handling radionuclides. We must not, however, forget the the need
for safe leboratory practices. Basic laboratory common sense cannot he
overemphasized. Do not eat or drink in the laboratory; do not pipette by
mouth; weer protective clothing, keep the work aree clean and
uncluttered, etc.. These and other precautions are required by the NRC and
are listed in your license application

Monitoring devices may be recommended and individual users have
8 right to see reports from these devices at any time. Monitoring devices
are more commonly referred to 8¢ film badges These will not provige
protection, however they are usaful even if the risk of exposure 13 sma!!
Their use insures that unexpected exposure does not go unnoticed

Film bedges themselves are typically @ small prece of x-rau film
The film blackens &s It hecomes exposed Lo radiation in the same way
~ray film 1s used L0 take -raus of Z.es bodu The blackening 15 read on 9
gensitometer and 13 proportional to the amount of axposure Selective
filters provide density differences The different densities identity
. '_]él’:é‘?"ﬂ gnergies and allow for the neerzisnof the fi1lm doze Lo 8 L1ssye

L



dose To be effective the badges must be worn whenever one 1§ working
with rodionuciides. It must be worn by the individuol uniy ond not left in

the radistion gres when not worn

) )



Rediation Messurement and Instrumentation

When radiastion passes through matter 1t interscts with atome and
molecules by transfering energy to them.  This results 1n either of two
situations. 1. The energy 1s sufficient enough to strip en ordbiting electran
from the atom of 3 molecule. This is known as ionization end results in
8n 10n pair (8 negetively charged electron and 8 positively charged atom or
molecule) 2 Excitation occurs when the electrons are disturbed enough
Lo enter sn excited state but not enough to be e)ected from the atom or
molecule

The Gerger-Muller counter is 8 type of 1onization chamber. It
messures the amount o1 10m2ing radistion. The GM tube responds to
rediation by mesns of 10n1zation induced 2iectricsl currents. A volume of
ges or air s contained between two electrodes having different volteges.
This results in an electrical field between the negetively charged csthode
and the positively charged snode. Normally the gas is on insulator and
there 13 no current flowing between the electrodes. However, when the
ges 1¢ 1omzed by ragiation the charged molecules are attracted to the
cathude This causes 8 momentary eiecimcal current. The flow of
electrons is picked up on an ampmeter where the emount can be read from
8 scale.

Une uses 8 GM counter to conduct surveys of the work ares to
monitor for ragioactive contamination The survey meter should be
present and operabie ot ail times ana shouid be used to check fingers and
hands, clothing and the work ares. It should aiso be used during spill clean
up. Although radistion cennot be sensed we are fortunate to have an
instrument such as this so that we can momtor of its presence.

when redicactive materal reacts with matier end ceuses
excitation or ionization the molecules or atoms of the matter undergo
recombination or de-excitation to relesse energy. Most of this energy is in
the rarm of thermal enerqu. However, 1f the energy 1< relessed in the
form of vigible light the materis i called & scintillator. An instrument
that detects scintilistion is known as 8 scintillation detector

In zeintiliation counters ysed to count gamma roye, the
scintiilator 18 3 sodium rodide crystal The ramoactive material emits
ragiation which mts the cryztal. Energy 1n the form of visible hignt 1s
hode to release
3 10 3 cernec 01 dynodes

-1 -m . - ~ Ty SNArM S=i mam s . .
reiedzed ang the ignt energy Causes a photocat
photoelectrons. The photoeiectrons are attracte
Each dunode relegzes mare and mars photoslectrons and u'timately the

nirater ol ohotoelettrans M Iz cazrane are firact i eeapnrtinng' fa the uf M
L) 444 AL AA Rl 2 LG AL - ) 1B (



it ol Fagigtion incrgent on the scintilletor

To count bets rediotion, o scintillation cocktall 1® commonliy used
Lo convert the ragiation into visible light. The light is captured by 8
photomultiplier tube which relesses photoelectrons ac described shove 'n
iome C3%es, however, radiation cen be detected without cocktail The
electrons sre erntted from the source 8t various speeds Because some
ExCesg the speed of 1ight in & particuler medium, they releese energy 1n
the Torm of visible light. This pnemonenon is known ac Cerenkoy
Paciztion When one counts the filter circles in 8 scintiliation counter
without cocktar! the counts represent the Cerenkov radistion and this 1s
proparnionst 1o the bets ragigiion from the source.

Although these instruments give us readings in proportion to the
amount of radistion emitted from & particular sample, the results are not
1ecesasrily the true amount of radigtion emitted. instruments that
messure ragiation eech have perticuler efficiencies that they ere
cepable of achieving. Although the efficiency is 8 function of the type of
inetrument 1tseif, 1t is alco related to the radionuclide it 1s measuring.
Az different radionuclides emit perticles or photons at different
Intengities of energy, 1t follows that some emissicns are more easily
detected then others. It 1s important to know the efficiency of the
ragistion getector you ere using as the source strength can be determined
by the count rate of the detector The following equation is used to
convert Counts Per Minute to Disintegrations Per Minute

cPM
Efficiency of the Detector =

OPM

Example: The efficiency of the GENE-TRAK Beta Detector
1s 40%. If the 2191t .| readout displays 400 counts per
rainute for a filter usea during 8 wipe test, what 1s the
actual value 'n disintegrations per minute?

400 CPM

04 = 1000 0PM

(v



Recordkeeping and Regulatory Requirements

'norder for an individual to initiate 8 program that incluges the
handling of radioactive materials, one must obtain authorization from the
Nuclesr Regulatory Commission (NRC) or the appropriate stete agency The
authorization is in the form of 8 license specific for the designated
material at a specific site The license is granted after an application has
been submitted and its requirements have been met

Although the specific sites where procedures invoiving
redionuclides are performed are documented in the NRC license, these
areas rmust be cleerly posted 8s @ caution to those that have sccess to the
area. A "Coution Radioactive Material® plaque 1s required in a room
or area where the radionuclige 1s stored or used. Stickers with the same
warning must be used o appropriately label containers holding radioactive
material. A sign of this nature indicates that the amount of radioactive
material used is in the range of 10 - 100 uCi. Other warnings, such as
“Caution Radiation Area” or "High Redietion Area” should not be used as
these indicate that much greater quantities of radioactivity are present

A radiation safety program is conducted under the autharity of a
. Radiation Safety Officer (RSO). the RSO 1s responsible for conducting
8 radiation safety program to insure that all users are aware af the ricks.
and know the responsibilities for the sate use of radionuclides. The RSO i
also responsible for keeping appropriate records for inventory and disposal
of radionuclides

Although the RSJ 1< responsible for averseeing the radiation
safety program, ndividual users are responsibie far both complying with
the regulations set fourth by the governing agency and the safe use of the
radionuclide by himseif and others in the factlity.

~ppropriate and sccurate recorakeaping cannot be over
emphagized!ll Your records are importart legai documents ang provide
proat of compliance with your license as well s provide for effective
admimistration of the radiation protection program

Receipt of radionuclides
ilpon arrival, the radiation sarety afficer 1 responsibl rl
inspecting the package to insure that 1t has not been damaged during
Shpping. A measurment af the amount of radiation emitted from the
. D&UZO")-E-IS taken to 1nsure that the content s gre ntact  Inaddition wipe
teete :_m both the paci.aqe and the source cantainer are perfarmed tn

Cx




deterinine whether or not the radiation emitted, if any, 1s due to the
source 1tself or 18 g result of removable contamination See Appendix A

Inventory

It1g 1important to keep track of the total amount of radionuclide on
hand st any one time. As your license restricts your facihty to a hmited
quantity, & record of your inventory is important o that you will not
exceed your limit. Total inventory includes both the unused portion of the
radionuclide as well as the solid radioactive waste teing held for decsy
See Appendix B

Dosimetry Reports

If dosmetry bedges are recommended by the governing agency end
8 film badge service is established, periodic reports will be sent and
should be made aveilable for sl users to see and inspect. The reports
generally include the exposure for the given period (i.e., one month),
quarterly exposure, annual exposure, end accumulated occupational dose.

Radiation Surveys

Rediation surveys in the form of wipe tests should be performed
weekly. Severs| locations in the laboratory should be tested for removable
contamination by rubbing 8 100 cm? surface with 8 fiter paper circle
The filter paper 1s then counted 1n either a scintillation counter or with
the GENE-TRAK Beta Detector. Remember to convert CPM to DPM and
cetermine the smount of radioactivity removed from the surface. Choose
several locations 1n your laboratory that are likely to become
contaminated, for example, the refrigerator door handle, waterbath nendLe,
31NK drain and bench top. In most cases the limit i SO0 DPM per 100 cm=
but keep in mind the ALARA concept. If survey results usually are close to
background, but suddenly an srea has jumped to nearly SO0 DPM, perhaps
that area 1s siightly contaminated. It can never hurt to clean 8 higher than
usual area even though it i1s 1ess than the limit. See Appendix C.

Disposal Records

Solid énd lquid wwaste disposal must also be accounted for
Becsuse the quantity of radionuclide baing uzed iz low, in most
jurizdictions 11quid waste can be gisposed of Jown 3 designated sink arain
There are, however, limits on liquid radicactive waste disposal It i:
important to keep up 10 dzte records 50 that these himits are not »ucesdsd
o110 waste, on the other hand, rmust be stored rar 3 minimum of 10 hall
lyes before 1t can be d1sposed of A record of the imtial date of



storage 3nd the dete of disposel must be kept on file See Appendices D
end E.

Instrument Calibration

Your survey meter must be calibreted snnuelly and the certificete
of cahbration should be kept on file. The company thet will periorm the
calibration of your survey meter 1s designated in your Radiosctive Materis|
License spplication. Keep in miac thet while your survey meter 1< out for
celibration you must have 8 replacement on hand. GENE-TRAK will be
happy to 10an you 8 survey meter for the period that yours is out

Your beta detector wiil be calibrated at the manufacturer and will
be checked with standerds during the installation. Periodically, stenderds
will be sent to your facility The standards sre to be counted and the data
sent 10 us to determine whether or not your instrument should be
recelibroted. Again, GENE-TRAK will send you 8 loaner as necessary.

9



Glos~ary of Terms

Absorbed Dose
The mean energy of 10n121ng rediation imparted per umt mess
irradieted material st & point of interest.

Absorbed Dose Rate
Absorted dose gelivered per unit time

Absorption
The process by which radistion imparts some of all of its energy
to the material through which 1t passes

Activity
The nucleer transformations accuring in a given quantity of
meterial per unit time at o given time.

Background Radiation
loniZing radistion srising from radioactive meteriels other than
that directly under consideration Beckoround radietion comes
from cosmic rays and other naturelly occuring radioactivity that
is alwoys present

Beta Particle
A charged particle emitted from the nucleus of an stom, having &
mass and charge equal to that of an electron.

Bremsstrahlung
Secondery photon radistion produced by decelerstion of a charged
perticle passing through matter

Cosmic Ray
High energy perticulate and electromagnetic radiation thet
orginates outside the earth's atmospere

Curie
A unit of activity. One curie (C1) equale 222X 102
disintegrations per minute

Decay
The process by which and unstable nucleus spontaneously emits &
charqeqd particie or photon

b \-«/
O



Dose Equivelent
The dose eqiivalent 15 used in ragiation protection as an indication
of the bioloy.cal effect that will be produced 'n an irradisted
tizsue. The dose equivslent 1s the product of the sbsorbed dose in
Ligsue (see “rad”) end the radistion biologicel effectivness (REE)

Efficiency
A measure of the probability that e count will be recorded when
ragistion 1s incident on the detector

Film Badge
A packet of photographic film used for the approximate
measurement of radistion exposure for personnel monitoring The
fiim may contein more then one film of differing sensitivities, or
11 may contain filters which shield parts of the film from certain
types of radiation.

Geiger-Mueller
A type of 1onization chamber which meesures the electrical
potential between two electrodes thet is created by ionizing
radiation

Half-life
The time required for & radioactive substance to lose SOT of its
activity through radioactive decsy

Half-veiue Luyer
The thickness of any material that will reduce the intensity of
jom2ing radistion by SO%.

Inverse Square Law
The intensity of radistion at any distance from a8 point source
varies inversely as the square of that distance.

lonization
The process by which a neutral atom or molecule acquires either s
positive or 8 negative charge due to the transfer of enerqy from 8
radioactive source

lonizing Radiation

Any electromagnetic or particulate radistion capable of producing
10ns 8s it passes thrrngh matter

4



Isotopes
Nuclides hoving the some atomic number (2eme number of protons)

but giffering in the number of neutrons, end therefore in the mess
number Almost 1dentical chemical properties exist between
1£0topes of 8 particular element

Quality Foctor
The hineer energy transter factor by which absorbed doses are
muitiplied to obtain & quantity thay expresses the biological
effectiveness of the absored dose.

Rad
The basic quantity thet characterizes the amount of energy
incident un matter 1 Rad = 624 X107 Mev/gm

Rem
A special unit of dose equivelent. The dose equivalent in rems 1s
numerically equal to the absorbed dose in rads multipled by the
quality factor

Relative Biological Effectiveness (RBE)
The RBE 1s o factor used to compare the biological effectiveness
of the radiation absorbed dose (rads) due to different types of
ioni1zing radiation

Roentgen (R)
A special unit of exposure refenng to photons of electromagnetic

radietion. | R equals 2.58 x 10 coulombs per kilogram of air

Scintillation Counter
An 1nstrument in which l1ght flashes caused by fonizing radiation

incigent on a scintillator are measured.

X-ra
’ Fenetrating electromagnetic radiation having wavelengths shorter
than those of visible light. They are usuaily produced by
vombai ding & metallic target with fast electrons in a high vacuum
These photons originate from the extra nuclear part of the atom as
opposed 10 a garnma ray which origiaates from the nucleus
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NOTE:

10.

Form

RADIQACTIVE SHIPMENT RECEIVING/INSPECTION REPORT
Isotope: Total No. of mCi: _

Appendix A

Date Rec'd Time Rec'd PO, MO

visual Inspection of Vendor's Shipping Carton. If the shipping
carton is damaged, notify the RSO immediately.

___Intact ___Punctured ___Wet ___ Crushed ___Other (note)

Vendor's Stated Rad‘ation on Shipping Carton Label (s) _________
(Toutal in Curies).

Closed Shipping Carton Radiation Scan.
Meter Jdentification:
Background Count (BKG): (mRem/hr)
Activity at 1 meter: (mRem/hr)
Activity carton surface: (mRem/hr)

Onm)

If C exceeds 10 mRem/hr or D exceeds mRem/hr, notify the
Radiation Safety Officer or Deputy immediately.

Open carton(s). Total number of vials:

Do the P.0., Packing Siip & Viais agree as to:

A. Radioisotope yes no, difference ____ _________
B. Quantity yes no, difference
C. Chemical Form yes no, difference

Wipe Results From:

( com - _BKQ)
A. OQuter Shipping ( OPM Factor ) = DPM
Carton

( cpm - BKG)
8. Source Container ( DOPM Factor ) = DPM

Survey results from packaging materials and empty shipping
carton(s) mRem/hr.

1f contamination is detected, its source must be located and the
RSO notified.

A. Disposition of packaging materials
B. Disposition of source contiiner(s)

1f NRC/carrier notification 1s required, log time
Date: Person(s) notified:

Received/Inspected By:

1G4 Date:
HP-006-03

SAVEVRY L 31



Date

uCi Received

P-22 INVENTORY LOG

uCi Drain
Disposed

uCl Added
to Solid
Haste

Decay from
Prev. HWeek

Appendix B

Current
Quantity
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Appendix C
' WIPE TEST RECORQ

DATE UACKGROUND (cpm) LOCATION NO.,* ! WireE st NET dpm/ |
i RESULT _(cpm) 100 _cm**

b —— - ——— -

Tl p————

Net dpm/100 cmle
(Total cpm/100 c¢m - Background) 2.5
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Appendix D

DISPOSAL RECORD FOR I1SOTOPES RELEASED INTO THE SEWERAGE SYSTEM

=
=)
»
a
-

SOTOPE VOLUME . MICROCURIES INITIALS

(I
ARG

TR

. (' WHEN DATA HAS BEEN ENTEI

FOR ANOTHER DISPOSAL RE( °D.

N LINE 40, CONTACT THE RADIATION SAFETY OFFICE

o
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DATE PUT
AWAY FOR
DECAY

SOLID WASTE DISPQSAL RECORD

DATE DISPOSED
AS REG. TRASH

SURVEY METER READING
(mRem/hr )
WASTE BACKGROUND

Appendix E
RADIATION
SYMBOLS
REMOVED
(Checked)
Lal

2238b




SOLID WASTE DISPOSAL RECORD

Appendix E
DATE PUT DATE DISPOSED SURVEY METER READING RADIATION
AWAY FOR AS REG. TRASH (mRem/hr ) SYMBOLS
DECAY WASTE BACKGROUND REMOVED

(Checked)

-+ttt

2238b
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Appendix A
RADIOACTIVE SHIPMENT RECEIVING/INSPECTION REPQRT
. 1. Isotope: 7 VYRR AT o S S
LU TR B ¢ | Al SRS P.O. NO. __ :
2. Visual Inspection of Vendor's Shipping Carton. If the shipping
carton is damaged, notify the RSO immediately.
____Intact __ __Punctured Wet Crushed __ Other (note) _ ___
3. Vendor's Stated Radiation on Shipping Carton Label (s) _
(Total in Curies).
4. Closed Shipping Carton Radiation Scan.
A. Meter ldentification: ==
B. Background Count (BKG): (mRem/hr)
C. Activity at | meter: (mRem/hr)
D. Activity carton surface: (mRem/hr)
NOTE: If C exceeds 10 mRem/hr or D exceeds mRem/hr, notify the
Radiation Safety Officer or Deputy immediately.
5. Open carton(s). Total number of vials:
6. Do the P.0O., Packing Slip & Vials agree as to:
A.. Radioisotope yes _____ no, difference
. 8. Quantity yes no, difference
C. Chemical! Form yes no, difference
7. MWipe Results From:
[C— ] BKG)
A. Outer Shipping ( DPM Factor ) - DPM
Carton
( cpm - BKG)
B. Source Container ( DPM Factor ) = DPM

8. Survey results from packaging materials and empty shipping
carton(s) mRem/hr.

1f contamination is detected, its source must be located and the
RSO notified.

9. A. Disposition of packaging materials
B. Disposition of source container(s)

10. 1f NRC/carrier notification is required, log time __ .
Date: Person(s) notified:

Received/Inspected By:

1G# Date: _ ____ . .
. Form HP-006-03




Appendix B
. P=32 INVENTORY LQG
uCl Received uCi Drain nCi Added Decay from Current
e Disposed to Solid ! Prev. Week Quantity
Haste | T
J ——————— — —
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| |
1 !
| |
i
T |
i |
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Appendix C
WIPE TEST RECORD
DATE | BACKGROUND (vpm) | LOCATION NO.' | WIPE DiST NET dpi/
g S A I RN D PR S R I (cpm)f 100 cm=*
tEE - PUIRESREESS, KPS S b L
’ l
- —— .?- — ——
i
e, |
i
1
|
1
|
}c
| |
| |
t :
|
‘Lm Location e
! Net dpm/100 cmla
2 (Total cpm/100 cmé - Background) x 2.5
3
4
5
6
7
8
9
10

/1697b



Appendix D

DISPOSAL RECORL FOR ISOTOPES RELEASED INTO THE SEWERAGE SYSTEM

DATE

"

SOTOPE VOLUME MICROCURIES

=
-
e
-3
L
>
e
n

|

HHTHTRNE

|

27.

3s.

TG

T
ST

TR T

. WHEN DATA HAS BEFNM ENTERED ON LINE 40, CONTACT THE RADIATION SAFETY OFFICE
FOR ANOTHER DISPQOSAL RECORD.



Addendum D
Facilities and Equipment




A FACILITIES

A diagram of the laboratory is appended.
B EQUIPMENT

Diagnostic tests are completed en a membrane filter
and results are determined by the use of the GENE-TRAK
Beta Detector

The Detector is modei CTC-4 manufactured by Radiation
Monitoring Devices, Inc , 44 Hunt Street, Watertown,
Massachusetts 02172 Performance of the Detector will
be routineiy checked in accordance with the GENE-TRAK
Systems quality control procedure.

A geiger counter, such as a Ludlum 2 or 3 or equivalent,
will be used to survey incoming packages and the work
area. Calibration of the survey meter will be performed
annually and after service and repair by

Ludlum Measurement Inc
Sweetwater, Texas

Personnel monitoring devices will be worn when performing
the GENE-TRAK assay. Monitoring will include use of a beta-
gamma film badge supplied and processed monthiy by

R. S Landauer, Jr, and Co.

Shielding composed of one-half inch thick lucite, will
be used during handiing and storage of the isotope
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<udlum SURVEY METERS

GEIGER-MUELLER OR SCINTILLATION

SPECIFICATIONS ON REVERSE SIDE

— - o

MODEL 3

LUDLUM MODEL 2 AND MODEL 3 SURVEY METERS

THE MODEL e OR MODEL WITH ANY L
PRORBT

COMBINE Tk
3 o NT % N T ACC A )
. ELITHON-OR X-RAY COUNTING NEC T

DETECTOR SPEC&FICAT!ONS ON DETECTOR SHEET
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GEIGER-MUELLER OR SCINTILLATION

SPECIFICATIONS ON REVERSE SIDE

MODEL 3

LUDLUM MODEL 2 AND MODEL 3 SURVEY METERS
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THE MODEL 2

Two “D" celi flashiight batteries, replaceable from the front panel, operate
his survey meter and alse the speaker. The meter is housed in a castaluminum
bezel The audio system is standard o ' this counter. Any GM probe offered by
Ludlum s compatible with tnis unit, as well as many scintillalors, since an
ADJUSTABLE HIGH VOLTAGE s provided

Hi GHTS:

® Indivigual range calibration potentiometers ¢ Huggedized Meter o IC
Circuitry o Temperature compensated o Electronically reguiated power
supply ¢ Corrosion resistant » All components derated 1o insure long lite ¢
Liberal one year warranty e Probe clips furnished at no extra charge, upon
reques!

SPECIFICATIONS:

Range: Three linear ranges from 0-50 MR/Mr Meter scale presentation
0-5 MR/Hr (0-5X CPM upon request) with multiples of X1, X1, ang X10
Response: Toggle switch selection for 3 or 11 seconds

Sensitivity: 40 Millivolts.

Reset: Push button swilch for meter reset.

High Voltage: 900 Volts tor Geiger Mueller probe

Externally adjustable from 400 to 1500 volits

Audio: A built«in Unimorph speaker system with On-OHf switch
Connector: "C" Series

Linearity: Pius or minus 5% of full scale

Calibration Stability: Less than 5% variance 1 battery end point

Meter: 50 Micro-amp, 2'4" diameter

Size: 34" X 35" X 70" (M x W x L, exclusive of handle)

Weight: 32 pounds. less batteries and detectors.

THE MODEL 3

This unit incorporates all of the deluxe features found in the Mode! 2 pius an
adaitional range. The four scale unit allows operation from 0 to 200 MR/Hr Four
scales of 0-2 MR/Hr with multiples of X 1, X1, X10. and X100, (0-5K CPM or 0-50
CPS upon request)

LUDLUM MEASUREMENTS, INC.

501 Qax Sireet . Sweetwater Texas 79556 . Telepnone (915) 235-540.
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THE MODEL 2

Two “D" cell flashiight batteries, repiaceable from the front panel, operate
'his survey meter and also the speaker. The meter is housed in acastaluminum
bezel The audio system is standard o * this counter Any GM probe otfered by
Ludium 18 compatible with this unit, as well as many scint [lators, since an
ADJUSTABLE HIGH VOLTAGE is provided

HIGHLIGHTS:

* Indwigual range calibration potentiometers o Ruggedized Meter o IC
Circuntry o Temperature compensated e Electronically regulated power
supply ¢ Corrosion resisiant ® All components derated 10 insure long life o
Liberal one year warranty ¢ Probe Clips turnished at no extra charge, upon
request

SPECIFICATIONS.

Range: Three linear ranges from 0-50 MR/Mr Meter scale presentation
0-5 MR/MHr (0-5K CPM upon request) with multiples of X1, X1, and X10
Response: Toggle swilch selection for 3 or 19 seconds

Sensitivity: 40 Millivolts.

Reset: Pusn bution switch {or meter reset.

High Voltage: 900 Volts for Geiger Mueller probe

Externally adjustable from 400 1o 1500 volts

Audio: A built-in Unimorph speaker system with On-OH switch
Connector: “C" Series

Linearity: Plus or minus 5% of full scale

Calibration Stability: Less than 5% variance 10 battery end point

Meter: 50 Micro-amp. 24" diameter

Size: 34" X 35" XT70" (HxWxL. exclusive of hangle)

Weight: 3 2 pounds, less batteries and detectors

THE MODEL 3

This unit incorporates all of the deluxe leatures found in the Mode! 2 plus an

aggitonal range The four scale unit allows operation from 0 to 200 MR/Hr Four
scales of 0-2 MR/Hr with multiples of X 1, X1, X10. and X100, (0-5K CPM or 0-50
CPS upon request)

LUDLUM MEASUREMENTS, INC.

sO

Qak Street B Sweetwator, Texas 79556 . Te'ephone (815) 235-5404




:l udlum BETA-GAMMA DETECTORS

WINDOW: 1.4 10 2 0 mg/em? mica.
/ WINDOW DIAMETER: 1-3/32" dismeter
WALL 0.046 inches stainiess steel, plus 0.062 aluminum

) " hoider
\ MOUNTING Aluminum holder
Voo e G ar——— DIMENSIONS 1" diameter by $%" long
WEIGHT 10 oz.
e L Replaceable GM tube
END \VLINDOW GEIGER-MUELLER PROBE Aemovebie protective T T

L



:l udlum BETA-GAMMA DETECTORS

4

-
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MODEL 487
END WINDOW GEIGER-MUELLER PROBE

WINDOW 1.4 10 2 0 mg/em’ mica.
WINDOW DIAMETER 1-3/32" diameter.
WALL 0046 inches stainless steel, plus 0.062 aluminum
holder
MOUNTING Aluminum holder
DIMENSIONS %" diameter by %" long
WEIGHT 10 02
Replaceable GM tube
Removable proteciive wire screen
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COUNTING EQUIPMENT ~,
TYPE OF INSTRUMENT USED / NUMBER AVAILABLE /RADIATION
DETECTED g,
MODEL CTC-4 ! Bete
-
DOSE OR COUNT RANGE USE :
0=100,000 cpm SOKEY

Reading of filters of GENE-TRAK
assoy



COUNTING EQUIPMENT

TYPE OF INSTRUMENT USED / NUMBER AVAILABILE /RADIATION

DETECTED
MODEL CTC-4 ! Beto
DOSE OR COUNT RANGE . USE
0=100,000 cpm BOKEV Reading of filters of GENE-TRAK

assay



Now, accurate, reproducible
beta emission  detection

in a compact, easy to use, economical unit

INTEGRATED

' GINLTICS

Custom designed for use with the GENE-TRAK system, %
the GENE-TRAK Beta Detector affords unmatched con- ¥
venience and efficiency in a small, modular bench-top 5
instrument. Compare these festures to other beta-par- ;
ticle detectors
* Unique, custom-designed sensors eliminate the need
for and expense of scintillation vials and fluids. Radio-
active waste 1s mimimized
* Three counting times allow maximum pperator con-
trol and flexibility. The GENE-TRAK Beta Detector
automatically displays all readouts in counts per min-
ute for assured consistency and convenience
« Streamiined controls and audible counting signal
make the GENE-TRAK Beta Detector easy to use
+ Filters go directly from drying to counting with
no extra handling required
« Lightweight tor ease in handling and portability, the
units compact design also saves valuable bench
JCBCE
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" PR GENE-TRAK" Beta Detectort” ., .. ' X ,
Y
" Custom designed for use with the GENE-TRAK system, >

Now, accurate, reproducible the GENE -TRAK Beta Detector affords unmatched con-

SN . venience and efficiency in a small, modular bench-top

beta emission detection instrument. Compare these features to other beta-par-

: N 3 ticle detectors:
In @ compact, easy to use, economical unit. * Unique, custom-designed sensors elimingte the need

for and expense of scintillation vials and fluids. Radio-
active waste 1s mimimuzed

* Three counting times allow maximum cperator con-
trol and flexibility. The GENE -TRAK Beta Detector
automatically displays all readouts in counts per min-
ute for assured consistency and convenience

* Streamlined controls and audible counting signal
make the GENE-TRAK Beta Detector easy to use.

» Filters go directly from drying to counting with
no extra handling required.

* Lightweight for ease in handling and portability, the
units compact design also saves valuable bench

space
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WARRAGTT? CERTIVICATE

Ludlum Measusements, Inc. warrants the products covered in
this Instruction Manual to be free of defects due to werkmanchicg,
materials, and design for a period of twelve montht from date of
delivery, with the exception of photo tubes and geiger tubes,
which ore varranted defect free to 90 days,

In event of instrument failure, notify Ludlum lHeasurenent:
Inc. for repair or replacement, Liability of this varranty is
limited to the purchase Price of the .nstrument.

RECBIVIG COEDITION EXAMINATION

Be sure to verify thaot the shipping cairton is received in
pgrf;ctly good condition. Ffor example, that no damage shouls ko
vigible.

Should the instrument be feceived in a damaged conditic-,
Save the shipping contsimor and the packing material and LequUCES
an lmediate inspection - the carrier.,

Ludlum lieasurementy, Inc. is net Tegronsible fcr the damzsze
which oceurs during shipmane but will make every effort to help
odtain restitution from “ho cazrcier.

BCTURD OF COCDE TO MARUTACTURER

if equipment needs to be feturned to Ludlum Measurement:,
Inc. for repair, calibration, etc., please do so by the
appropriate method of shipment. All shipments should include
documentation containing chipping address, customer name and
telephone number, and all other necessary information.

. Your cooperatien yill expedite the return of your equipment,
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1. GENERAL
2. OPECIFICATIONS
DESCRIPTION OF CONTROLS AND FUNCTIONS

OPERATING PROCEIZURLS
S. CALIBRATION

§. lLIRTEmANCE
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Tae Medel 2 is a portable Survey lnctrument that operssor o=

two ctandard "D" cell flashlight batteries., The imetsru=sss
9h voltage power supply adjustas.s

features a regulated hi
from 400 to 1500 velto,

The unit bedy is made of caste~alunminum, including the zcter
housing., The can is 1/16 aluminun., Other operating fcasuras
of the instrument include a unimor speaker mounced to L0
instrument can with an 2udio ON=OFF capability, fast-slow
meter reset button and & S-focicion swised
e

meter response,
for selecting battery checi: or scale oultiples of xC.1, »:

and %10. CZach range dultiplicr has its own calibrasics

potentiome tar.
Any G-k prolbe offered by the conpany will operate on this
unit as well 25 many of the scintillator-type detectors, T:2
instrumen. is set for 900 volts G- tube operation, fe:

it may be cdjusted for oparaticn wis

special requircments, e
any Celi or geintillator tube boetween 400 and 1500 volss.

The uvnit ic oporated with two flashlight batteries fz-
opecation from 150° (o oppresimately 329p, o
cenperatucec omorasicn teo 0OF, asither veery Tsesh alhizliiss
Or fechargockle NiCd battesics Tey be vced. Battery drii-s
aveorages 30 miliianroares.,
ALESITICLTIONS
POWER:: two ctandard "D” cize Latteries
TOREE LINEAR RANCES: scom 0 to 50 amR/hr; meter s2zle
prescontation - 0 to 5 @R/hr with range multiples of X0.21, i,
£0; 0 to SR Counto=-par=liinute option
SENSITIVITY: 40 millivelits, (+20mV, «16mV)
AUDIO: built=in unimorph speazker with an ON=OIF switeh
HIGR VOLTAGL: onxtersnally adjustable from 400 to 1500 volt:
RESPONSE: £ cr 2D caconds Zor 90% of €inmal gcading
LINEJRITY: plus or minus 85 £ull seale

Badtosy oné

CALIBRATION STARILIY:
gcoint
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g‘.?fQCTCS: Svilce O, e e (3N or
nroviasd).,

SICC: 3.4 2 3.5 x 7.0 inches (B 2w x1L) oz;lusivc of hzandle

WZICET: 3.5 pounds less detector

JCSCEIPTION OF CaONTRCLS AND PONCTIORS

Range Multiplier Seleccor Switch is a S-position ewitch
marked OFF, BAT, X10, X1, %0.1. Turning the range sclecsar
switch from Orr to BAT Po&ition provides operator 2 battery

checik of the inctrument. a EAT check sccle on the meter
2rovides 2 visuzl means of cthecking the battery =ztatus.
lloving the range selector Suitch to one of the range
multiplier positions (X0.1, X1, X10) provides the operator

ge of 0+50 m3/hr (0-50K if the CPM ecale

vith an overall ran
ig installed). Mulliply the scale feading by the muliiplicr
for determining the actuzal reading.

AUDIO ON=OFF Toggle Switeh, in the i pocition, opsrates =n»
enimorph speaker, lecated on the lafs Side of the inctrumens.
The frequency of the clicls is realative to the rate of e
ingconming pulses. The bigher the rote i€, the higher !
audio froquency. The cudio 2uo1nld be turned COFF when =

SOaUirec Lo reduce bottary drain.

Tact=Slow Tsggle Switeh pProvidcs moter responsze. Selecting
the "F" position of the toggle switch provides 90% of ddnal
feading in 5 seconds, 1In "ge gogiticen, 900 of final reading

Strument is get on "I, thers

tolies 25 seconds., ihen che in
is Jgst regsponse and large meter deviation., [mon «c i8 so¢
en "8" position, there is a siow respronss and darmpsd meter

‘i:‘-’ia ti en.

RCS Butten, when depressed,
the moter to zezo.
!

Provides a rapid means to drive

t provices 2 means to vary the hign
-he high voltage setting ~ay

Bigh Voltage Adjustnen
an appropriate veolimeter,

voltage from 400 to 1500 volts.
be chechked a2t the connector with
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P it pov}t)bt . £
idual culibration for cae:r

¥

JANEC CAsibragien Adjustuents

’OCJLLG oOn line
adJuotnont controls cllow indi:

ange multiplier.

OFZRATIES FROC=DORCS
Ox button to the rear, open the lid

4.1 8lide the batte:! b
" sizc batteries. Note (+) (- ) =atis

and inctall tweo
on the inside of the lid. Match battery polarity to

these maris,
MOTI: Center rost of flachlight battery is pocitive.

20.NOT TITOT LID AUTTON - It slides to rear.

Closa the battery bo:x 1id. "
The neter shculéd

4.2 Switeh the range switch to BAT.
deflect to the L2 avery chochk portion of the meter scale.
respond, recheck that tae

i1f the nmeter cocs ot
polacity.

instrunent and dotector.

batteries have propas

3 Coarsct ths eabls 2 the
“ed 'ugn the lastrument ranze suitch to %10. Cxpose wie
‘gtecter Lo & echock soures. The speelkars shoulad el ek
Ath e AUDIO Cl=Qf? suwisched to Q.

to the lcower scales unt.l) a poter
The toggle switesh labeled P-S

‘ed ve the fango switeh
in "Fr", slow response in °s°.

gedding iz irndiceted.
should ha" Zees responge

tha RIS suitch. The meters chould gserc.

4.6 Depress tho
4.7 Proceed to use the instrument. ‘~§§s
. 5 Lo
.fJfﬂﬁz
CALIT2ATION .-.‘_“5"‘\;,
¢ '
S.1 Detector Oporating Point: Adj st the bigh V°1°ggg' _ ’:l
consrol to. 900 volts at the instrument S8 ot 3ﬁi
G=!! detecters, . O] s 2 b cn i
it A
..ub??ga' ol
N'.‘,. A‘-n 'sl-r_‘x‘?.‘.,_l|
DRy Cikd A
. a e Oy 4 LS TR
" - 2 \' H
i .l\.. ..;'*;... Ta
il RN S m_?'r
: ;-V"’..a' !\k' :.“
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Tl Gh CoadTY Vcit-u;m-m;lJXU&CtC! Wwiga &
PEOViIGe L Jeast 20,000 Ohagepe r-

vsbuauates v
YOLL metor rosistance. geleet the approprizte
tié8de and then adjust the high voltage to reas

230 wvolss.

Do not uwse & Vasuum-tube~type voltmeter for this
ddjustment .nless &n external high voltage

mulidplier rcobe is used,

ern the instrurent to X10. Lxpose the instrument to a
«dbrated ganma ficl1g and vary the fange calibraticen

el
aéciuciment conirol for Proper roading.

Special Use Celibration: por épecial G-N detector
applicactions, the power lngply may be adjusted for
s50=volt and 1200-volt G-l tubes, "Pollow the above
pzfcedure, encep: get the Supply at the new operating
voltage. :

For geinsillation counters,
Supoge Lhe unit to & Zource end develop an operating
vollidge versgus Ccunt=rate plot, ges the operating
veltage ot :u- flattest portion O thiz curve: thes
2 0 2djust caek Salibrition control for siha

“onrect the scintillato:r,

we3ized macrse TRacing.,
"Tating CD0M Sc2le: 1Ts Caiibrate CpM scale, &
Si0n PuUlse generator i required.  The pulse
efater shculd be cagpable of Providing a 40-millivels
gf23ter negactive Pulse with a rige tine of
€Ingecond and 2 pulce=widih ef 5 microseconds.

Connect the zulse generater to the instrument and adjust
tie pulse frequency to Provide 4/5=gcale deflection on
the X10 fange (40,000 cpM), Adjust tle X10 range
calibration Potenticmeter as fcquired., Decrease the
Pulse £requency by cne decade ang Rhove the range
nultiplier switeh to the 31 position, Adjuat the X1
Tange cal'bratien Fotentiometer ac fequired (4,000 cri),

Cy by another decacde. Move

° ftange multiplier to %0.1 cnd adjust the calibratics
Fotonticmeter as feguired (400 con),

vy
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WOTE:  LEVER CTORE TUL IUSTRUUENT OVER 30 Diyws witiec.
RENOVING BATTERIES., ALTUOUGH TUIS INSTRU;ZuT Wil
OPERATE AT VERY NIGH ANDIENT TLHPCRATURLS, oAT:a!
SEAL FAILURE CAN OCCUR AT TEMPERATURES AS Lo 438 -¢
DEGRELS FAERENHEIT. NCGLECTED BATTERY ZEAT FAZLLIT
WILL SURELY CAUSE ONC AwryL MESS!

Instrument ma.ntenance congists of kooginq the inctrunel
clean and periodically checking the batteries aa.
calibration., Once initial calibration is perforczec,
recalibration should not be reguired 4 the batierics ar:

naintained in good conditisn,
i 4

An iastrument orerational check should be rerfermed prios
ceach use by oupesing the detector to a iaown goures 25

confirming a propar reading on each scale.;

Under certain conditions, NRC requircs inst:susent
tecalibration cvery three months., Checl the apprepriz:c
regulations to detesrmine a recalibration schedule.

Alsc at three month intervels, the batteries cheulé S¢
removed and the battery contaces clezned ¢f =y sorresicn.
1 the instrurant hag been coxposed O very Qusty or csrres.”
stmosphere, rnere {reguent Isa.f:c:;' serviecing Shoelid ce g3 d

Yee & Spanntei wegeneh Lo ungerew the battery cencas
ingulators, cuposing the iatcrnal contacis and Loiter
cprings. Reroving the handle willd fccilitate gce8s Lo thes

contacts.
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BILL O MATENIALS
CIRCUIT BOARD, DRANING 176 X 4
Part lo.

CAPACITORS .
2 1009F, 3KV, © 04=5532
c2 OINF, S0V, C 04=5523
s S00PF, 500V, © 04~5555
¢a 0047P, 100V, p 04=5513
cs o 3 BOV. c 04-5523
c6 28p, ‘20v, o8 04-5573
C7-c8 100RP, 10V, DsT 04=557¢
s 4,7MF, 10V, OsT 04-£578
¢10 JANF, 10V, ¢ 04=5521
¢11 4.7MP, 10v, osT 04=5878
. @12 220p, ‘20v, 'n 04=5579

CJ.3 '-‘.Ow. SW' (o .04-5523
4 JAEF, 10V 04=5821
c1s 100027, 10V, os? 04=557¢
c1s r, 35V, o031 04=8575
c17 AF, 100, 04=5521
c18 1008P, 31V, oSt 04=523n
c19 L00SMF, 210, o 04=38 20
c20 001MF, gy’ & 04=£510
21023 0017, 1xv. ¢ 04=8519
¢ae OLUF, 50V, ‘¢ 04=5523
TRATEISTORS

04 NPSE53 4 05=5763
05 -06 2N3877 05-5755
&7 MPSGS34 05-5763
IETECRATED CrmcyTYS

02 CA3096 06=6023
2 CD4093 06=6030
03 CD4098 06=-6066
va. CA3096, 06-6023
05~06 LN 06=G024

-%e
viemm gy g o o Nadd

T me—— -
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CRl
CR2~CRS
CRG=CR10
CR11l

LR

SORVES MBS

N340
184007
1N4148
LM38s 2-1.2

SAT @ 820k
i

3.3K
SGOK

loon

75R

n

2 .7(-1

82K

33K

<70

E.2K

g2R

i00R

220K

330 O8N
470K

75K

10K

13K

100K 1%
16.5K 18
10K

1.5K

200 oBM
l0M

| =
BAT (TYP. 2.2K)
100K

1 GIG oanM

07-8§223
07-6274
07=-6272
05-5808

10-7070
10-7029
10-7016
10-702¢
10-7028
10-7048
10-7063
10-7028
10-7013
10-7027
10-7023
10-7074
10-702¢
10=7029
10=-7022
10=7018
10=7009
10-7007
10-7023
10=7022
10-7023
10=-7066
10-7083
10-7026
10-7074
10-7016
10-7017
12-7857
12=-7541
10=7016
10-7065
10=7006
10-7031
10-7028
10-7012
10-7023
12=-7606
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Tl LB0SO

ot Lvrs

[(ISCELLAREOUS

7 EBACH CLOVERLEAF RECEPTACLES

1 EACB WALDON 16-06-0007

< EACH WALDON 16-06-0004 LARGE PIN

ASSENBLZD CIRCUIT 30ARD

011-680¢

40-0002
10=-0944

18=-8771
18-98782
18-8795

5176=001-00
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SILL OF MATRIZALS
CHASSIS WIRING DIAGRAM, DRAWING NO. 176 X 3

AODIO Part Ne.
D8l DNINMORPE 60690 es=823)
m
Pl SERIBS "C" 0S 706/0 13=-77:1
STITIHES
8l CENTRALAB PAG00-210 s 08-6502
82 RESPONEE P/S MST 105D 08-65211
£3 AUDIC ON=OPF KS3T 10S8-D 08=-6512
g4 RESET 30-1 P/B 08=-€3.7
POTEETINETERS
ad EM LOCR FOTENTIOMETER 0&=-67¢2
n2 S00R LOCRX POTENTIOMETER 08=¢7¢2
e S0K LOCR POTENTIOMETER 08=077%2
R4 100R LOCR POTENTIOMETE: C0=67C02
BATTERY .
STi-4T2 "D" DURACELL BATTERY el=9213
E1ESCRLLANROUS
MODEL 2 CASTING 7176-019-02
lIODEL 2 BARNESS 8176-021-00
PCRTABLE EANDLE 8176-021-00
PORTABLE METER » 40-1€05
MUDBL 2 BATTEPY BOX LID . 7001=012-01
{IODEL 295 BATTERY. CON'.!'&CT SET 40-1707
08-6613

POMABLE RNOB
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WUUAITY CIRTIrICNGE

Ludlum Measuremunts, Inc., warrants the products coversc :r
this Instruction nanual to be free of defects due to workmanszip,
matecials, and design £or A period of twelve months £rom cote cf
delivery, with the exception of photo tubes and geiger ti.tes,

wvhich are warranted doefcct frec to 90 days.
In event of instrument failure, notify Ludlum Measurezents

inc, for repair or replacement. Liability of this wearrancy i
limited to the pu:chase price of the instrument.

RECEIVIEG COLDITION EXANIHATION :

Be Zure to verify that the shipping carton is recuives <=
fecily @cod condition. Tlor cxemple, that no damage shouls &

per
pigible,

Should the inctrument be reucived in 2 damaged conditien,
£ave the ghipping container and the packing material and cosusz-
an smmediate inspacticn DYy tae carries.

Ledlen lensursnents, Inc., iz not responsibie for thae 2548 L
Whigh occurs curing shipmeont but will male every offozt &£ ¢l
QREAIN FOSSitUCIon $o0n R cartior.

SCTURN CP GOOPS TO Wl FACTORER

If equipment needs to be returned 4o Ludlum Measurements,
Inc., for repair, calibration, etc., please do so bv the

cppropriate method of shipment. ¢lide

All shipments should inczlusde
documentation containing shipping address, customer nac=e 2nc

telephone number, and all other necessary information,
will expedite the return of your cquipment.

=3 ~»
M

Your rcocpera
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The Model 3 is o portable gurvey instrument that operatcs ¢n
two standard "D" cell flashlight batteories. The instrucent
fcatures a requlaoted high=voltage, power oupply adjustable
from 400 to 1500 veolts and providee & 4=linear range fro:

0=200 mR/hr .,

The unit body is node of cast aluminum, including the ceter
housing. The can ic 1/16 aluninum. Other operating feetures
of the instrument include 2 unimorph cpeaker mounted to the
instrunent can with 20 audio ON=0FF cepability, fast-:zlor
neter response, mecer cesct button and & 6=-pesition sguitel
f{or selecting battery chock or scale multiples of X0.1, X2,
¥10 and X100, Cach range multiplier has {ts own calibratien

rotentiometeor.

Any G=!i probe offered by the compzny will opurate cn &
unit as well as many af the scintillatcr~type detectors. ™
instrument is sct for 200~volt, _.=-i tube opezaticn, F
special requircments, it may b2 adjusted for operation wi
G=l: or scincillator tube betwoen 400 and 1500 veolss.
unis is apera:ed wis! wo flashlight batteriz
gation fzom 150° to proninmately 329

mperature operation to 0°F, either very fresh alkalinc
. teriec or rechargeable NiCd batteries may be used.
Sattery drain averages 30 nillicmperes.

R L
DR R I
-

1
5
’

« S

o

o 0 »
2 O

SPEQIPICNTICETS
SCWER: two standard °D® size batteries
from 0 to 200 mR/hz; metar scale

FOUR LINCAR RANGLS:
presentation = 0 to 2 mR/hr with range multiples of X0.1, X1,

110, X100; 0 to SI Counts-per=Hinute option

EoUSTITIVITY: 40 milliveolts, (+20mV, =l6nv)
imorph cpoaler with an ON=OFF swittch

AUDIO: built=in unimelp

HIGH VOLTAGE: extornally adjustable f£rom 400 te 1500 velts

RESFONSS: S or 25 coconds for 90% of £inal meter reading
rius or ninus 58 Zull ssale :-isr e

WINSARITY



culd Ji HoREL 2 LUINDY ot

3.

CALIZPRATION STARILITY: less than 15¢ variance to battory end

point
METER: imA, 2 1/2-inch Scale, with pivot=-and~jevcl
suspension

CONNCCTOR: Seriec “C", 706 U/G: BNC or NHV may also be
nrovided :

3.4 % 3.5 x 7.0 inches (B 2 W x L exclus've of handle)

SIZE:
UEICGET: 3.5 pounds less detector

with computer-beige

FfINISB: drawn-and-cast aluminunm,
omenclature,

Polyurethane cenanel and silk=screened n

CISCRIPTICN OF CONTROLS ASD PUNCTIONS

Range Nultiplier Selector Switch i3 a §-pocition cwiteh
marked OFF, "BAT, X100, «l0, X1, x0.1. Turning the range
Selector switch from OIPF to BAT pocition provides the
GDoracer 2 battery check of =he inctrunent., A DAT chec”
the moter »srovides noans of cheching the

a vigaal

SeSal on
eoLuory tiéotus. toving the range ealezter switch Le cno of
(X0.1, &2, 210, X100 provices

he sange meletiplier positicons
tie orarator wich an overall range of (=200 mR/hr (0=£00R iZ
the CP} scale is installeqd)., Haltiply the scale reading by
e mul:ipl%e: for determining the actual reading.

AUDIC ON-OFF Toggle Stvitch in the CN position cperates the
=nim2rzh cpeaker, located on the left side of the instrument.
The fregquency of the clicks is relative to the rate of the
<ncoming pulses. The Jigher the rate is, the higher the
adudio frequency. The audio ghould be turned OFF when not
required to reduce battery drain.

Toggle Switch provides Deter response., Selccting

the "F" pogition of the toggle switch provides 900 of the
final meter reading in 5 seconds, 1In "g" Positicn, 500 of
the £inal meter reading takes 11 seconds, 1In °pe pogition
there is fast response and large meter deviation, rn "g5°
Position there ig a slov fesponge and damped meter Covigtion.

Fagt=8lou

RCS Buttnn, when depressed, provides a fapid meano to drive

the meter to cero.
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Uign Voltage Adjuustment pProvides a weshs to vary the n.cn
voltage from 400 to 1500 volta, he high voltage Setting =2y
be checked at the connector with an arpropriate voltmeter.

Range Calibration-Adjustments are recossed potentioresirs

located on line with ecach Multiplier po3ition, These
adjustment controls allow individual calibration for ezca

range mults~lier.

OZZRATIZC PROCEOURCS

4.1 8lide the battory box button to the rear. Opan the i
and inetall two "D" gize batteries. Note (+) (=) maris
on the insicde of the lid, Match the bat;cry polarity to

these markse.
NOTZ: Centor post of flachlight Dattery is positive.

RO_NOT TUIST LID RUTTON = It slides to rear.

Close the battery >ox lid.
rangc switch to BAT.

The metes chculs

4.2 8uitech the
coflcct to the baitery check porticn 2f the roter gCcls,
-£ the meter does not respend, recheck that the
battaries have zrorer polazity.

J«2 Cennect tho cakle to the inctrument and detector.

% Turn the instrumont range switeh to %100. Expose &the
detector to a check scursece. The Sspeaker should click
with the AUZIO 2N=CFF switched to ON.

4.5 llove the range switch to the lower scales until a nmete:

reading is indicated. The toggle switch labeled F=5

Should have fast response in "P"and slow response in

%

4.6 Decpress the RES switech,

0

s
-
.

The meter should cero.

4.7 Proceed to use the instrumont.

-
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5.2

S.2

5.3

Detector Operating Point: Adjuct the HV control for
900 volto 3t the instrument connector for G-Ii detectors.

NCIC: Llf an electrostatic voltneter is not available,
usSe an ovdinary volt-ohmemilliameter with an
attenuator to provide at least 20,000 ohms-per~-
volt meter resistance. Select the appropriate
scale and then adjust high voltage to read 850

volts.

Do rot use a vacuun-tube-type voltmeter for this
cdiustment unless &n external high voltage

nultiplier probe is used.

Turn the instrument to X100. Expose the 1nlt£&ment to a
calibrated gamma field and vary the range calibration

adjustaent contreol for proper reading.,

Special Ose Celipration: FPor special G=IN detector
agplicaticns, the power supply may be adjusted for
430=volt and 1200=volt G=M tib2s. Pollow the above
Prooadurc, only set the supply a2t the new oparating
\'G; ;“?s .

For secdintlllcotion counters, connect the seintillator.
supese the unit to a source and develop an operatinc
vo.tace vessus count-rate plot. Set the operating
voltage at’the f£latteost mortion of thic cugve; then
procaed to adjust ceach calibration control for the
desizeé moter reading.

Calibrating CP!! Scale: To calibrace the CPM scale, o
precisicn pulse generator is required. The pulse
generator should be capable of providing a 40-millivolt,
Or greater, negative pulse with a rise tinme of 1
microsccond and a pulse width of 5 microseconds.

Connect the pulse generator to the instrument and adjust
the pulse freguency to provide a 4/5-scale deflection on
the N100 range (400,000 CPM). Adjust the 3100 range
calibration potentiometer as required, Decreasz the
Pulse frequency by decades and adjust cach range
calibration potentiometer accordincly.

“ e
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NOTE: MNEVER STORE THE INSTRUBENT OVER 30 D.L:E P g

REMOVING BATTERIES. ALTHONGYE TUIS INSTAUIIN
OPCRATE AT VERY BIGE AMBIENT TEMPERATURZIS, E~..
SEAL FAILORE CAN OCCUR AT TEMPCRATURES b i 2
100° FAHRENHEIT. NECGLECTED BATTERY SEAL TAce
(7ILL SURCLY CAUSE ONE AWFUL 1iESSI
rnstrument maintenance consists of keeping the instr=
clean and periodically checking batteries and calissaz
once initial calibration is perforned, recalibration si:

not be reguired if battecies are maintained ia ;::
condition.

An instrument operaticonal check should be performed grice
each use by exposing detector to a Ynown scugrce 2
conféirming proper reading on each scale.

Uander certain conditions, NRC requires i=n
-ccalibration cvery three menids,. Cacchk the SFT

wpgulations to deterniae recalibzation schedul>.

aAlsc ot thrzoe month iatervals, the battaries C.fesa:
romovec and the battery contacts eleanod of an sarisis
12 the instzumant has teed cuposed to very dustl

a:mosphere, more frequent datiery servicing sheul

3 R

At

Uem spa r wrench to unscrew the battery ¢
inzuplators, 2urposing intornal contacts and Dbatteorll
ey ) ~a
J - -

(2]

’ -
Removin ¢ handle visl facilitate access to thoese ¢
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BILL CP MATLRIALS
CIRCUIT BOARD, DRAWING 176G X 17

CAPACITORS
c1 100PF, 3RV, C
c2 0lMP, 100V, C
c3 470PF, 100V, C
c4 .0047MP, 100V, P
cs 01MF, 100V, C
6 22MF, 1SV, DT
C7=C8 100NF, 10V, DST
cs $.7MF, 10V, DT
€10 «1NP,100V, C
c11 4.7MF, 10V, DT
cl2 221p, 15V, DT
C13 L01NP, 100V, C
Cl4~C18 1008F, 10V, DT
C16 InF, 35V, OST
c17 J1WF, 100V, C
c1g 100PF, 3KV, C
19 .00271r, 3RV, C
£20-C23 00181F, v, C
c24 0147, 109V, C
c2s 470PF, 100V, C
TRATSISTCRS :

26 MPSE53 4

Q8=-Q5 213877

Q7 MPS6534
IIEGRATED CIRCUTTS

o1 CA3096

U2 CD4093

03 CD4098

U4 CA3096

US~06 LM358

4

04-5532
04-5523
04-5555
04-5513
04-5522
04-5579
04-5576
04-5578
04-5521
04-5578

'04=-8579

04=-5523
U4=5576
04=-5575
04=-3521
04-5832
06~5520
045513
04=5522
04=5585

05=5763
05-5758
05~5763

06-6023
06-6030
06-G066
06-6023
06-€024
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DIODES

CR1
CR2-CRS
CRG=CR10
CRll

BEIRBRBER E

dN342
124007
iN4148

LM335, 1.2V

22K
2.7M
10K
470K
k¥,
12K
M
M
3.3R
SGOR
100R
7SR
1N

2.7H
CeR
- ...

o aidh

270
8.2K
G2R
100K
SAT

230 OEM
7SR

10K
4.7X
100K 1%
16.5K 1%
10K

iR

200 0OBM
104

i

BAT (TYP.2.2K)

78R -

1l GIG OBH

d.?R

— . ——— —— .

07-€253
07-6274
07-6272
05-5808

10-7070
10-702%
10-7016
10-7026
10-7028
10-7048
10-7023
‘10-7028
10-7013
10=-7027
10-7073
10-7074
10-7028
10-7323
10=7022
10=7ClS
10-7007
10-7018
20-7022
10-7023

10-7053
10=-7074
10-7016
10-7014
12=-7557
12-7541
10-7016
10~7009
10-7006
10-7031
10-7028

10-7012
10=7074

12-7686

10=7014

- -

—— g —
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TRARSTORaERRS

5 v L80So

T2 Lves

NISCILLAZEOUS

7 BACB CLOVEBRLEAP RECEFTACLES 011-6809

1l BACH WALDON 16-06-0007 BMALL RECEPTACLE
1 BACH 'WALDON 16-06-0004 LARGE PIN

.

40-0902
40-0944

18=-8772
18-8792
18-8795
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DILL O [ATERIALS
CHASSIS WIRINC DIAGRANM, DRAWING NO. 176 X 18

LINI0

DSl UNIMORPH €0690 di=3g3
ConuECToR

Pl SERIES "C" UG 706/U d3=7%2
sl CENTRALAB PAG00-210 00=€:°
82 RESPONSE F/S MST 105-D CO=£22.
S3 AUDIO ON=OFP HST 105-D 0=£Z2..
5S4 RESET 30-1 ?/B Qf=g2 .
RTECRI0NETTS

R&2 34 LOCR TOTINTIOMETER & Lol

43 S00K LOCR POTENTIOMETER Sewit ]

P44 SOR LOCK POTENTIOMETER Co=?T

R4S 100R LOCK POTENTIOMETER w9978

R46 . S LOCX POTENTIOMETER 0§e=t7 2

BATTERY

BT1-BT2 D" DURACELL BATTERY dl=3dal
NMISCILLAEEUUS

MODEL 2 ASGEMELLD CIRCUIT BQARD i §176=017="

MODEL 3 CASTING : 7063=082=232
MODEL 2 HARNCSS Ci7¢=020=C.
PORTABLL BANDLE 7001=012~C2
FORTABLE METER 40=.C%.
MODEL 3 BATTERY BSOX LID 7203=005=00
MODEL 295 BATTERY CONTACT SET e S (1 bl

PORTASLL [NOB
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Addendum E
Radiation Safety Program



A Radiation Safety Officer
The Radiation Safety Officer
The RSO i1s responsible for the following

I. Maintaining the radioactive material license in a
compliance state.

2. Providing training of personnel to insure that safe
procedures in the laboratory are practiced.

5. Providing consultation to management and radiation
workers on all matters relating to radiation safety.

4 Be available to respond to any radiation emergency

9. Reviewing all proposed procedures to insure that staff
personnel will not become unnecesarily exposed to
radiation In addition, the RSO will insure that
maximum permissable concentrations 1n air and
water are within acceptable limits.

6. Insuring that the following documents are properly
posted in the laboratory:

8 Radioactive Material license and all
supporting documents
b. Appropriate state regulations or KRC Parts 19 and 20
b Notice to Employees,
d. Emergency Procedures

7. Advising radiation workers of any unusua) procedures
which they must employ in order to reduce
unnecessary exposure. Also, advising workers
of the location of radioactive material, and
their responsibilities with reqgard to the safe use of
radioactive materials

O Nenmanersonn amis wamisnn nw
u T tepariny any |t:qucb Ui

‘9
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9 Conducting a monthly physical inventory of all
radioactive material to insure that possession limits
are not exceeded



B. Health Physics Surveys

On o weekly basis, the RSO will conduct o rodiation safety
survey of all areas where radioactive materials are used
or stored. The surveys will include the following.

1. A survey of the work area by means of wipe tests
wipe tests will be conducted using 25mm diameter
filter paper circles. For each test, a 100 cm J area
will be wiped, and results determined by counting
filters in the Model CTC-4 Eeta Detector This instrument
has a counting efficiency for Phopshorus 32 on dry
filters of 0.4 Results will be recorded as disintegrations
per minute (DPM). Permissable contamination levels
have been established at 500 dpm per 100 cm 2
Contamination detected in excess of this level will
be reported immediately to the responsible user who will
insure that appropriate decomtamination is achieved.
Follow-up reports will be submitted to the RSO accordingly.

A standard pattern of wipe tests will be performed
weekly in all areas of possible contamination, including
benchtop(s), floors, refrigerator door handle, water bath
cover, sink used for disposal of aqueous phosphorus -32
waste.

2. Review radioactive material storage areas to insure that
materials are properly shielded, stored in double
containers and properly labelled.



‘ C. Authorized Users

The authorized user will be responsible within the
department for the daily on-site management of
radiation safety They will report directly to

the RSO who has overall responsibility if any of |
the following occurs: }

Spill of radioactive material

Suspected overexposure of personnel

Malfunctioning radiation detection equipment
.LContaminated shipment of radioactive material

Any other conditions that may resuit in unnecessary
radiation exposure

U oW -

D. Procedures for Ordering Radioactive Materials

Prior to placing an order, the inventory will be reviewed
to insure that possession limits will not be exceeded The

. RSO will review these inventories and related procedures
on a moathly basis

During normal working hours, carriers wiil be instructed
to deliver radioactive material packages directly to

to the receiving department There will be no after

hour deliveries

incoming shipments will be examined visually. If the
shipment appears wet or damaged, the RSO will be
notified \mmediately.

The RSO will provide their office and home telephone
numbers for any authorized user, and the numbers
will be available in the laboratory



E. Procedure for Safely Opening Packages Containing
Radioactive Materials

| Gloves will be worn to prevent hand contamination

2. Packages will be visually inspected for any sign
of damage (i.e. wetness, crushed, etc) |11 damage 1¢

noted, the procedure will be stopped and the RSO
notified.

3. The external surface of the outer package will be
surveyed with the survey meter and the results
recorded. If a surface exposure rate of greater than
10 m REM/hr is obtained, the procedure will be
stopped and the RSO notified.

4. The outer package wiil be opened in a restricted area
. In accordance with the manufacturer’'s directions
(if supplied), and the packing slip removed. The inner
package will be opened and the contents verified
by comparing requisition , packing slip and label on the
bottle. The final cource container will be checked
for breakage of seals or vials, loss of liquid, discoluration
of packing materials, etc. The possession limits will
be checked to insure they are not exceeded.

S5 A wipe test will be performed on the outer surface of
the final source container and results recorded Contamin-
ation in excess of S00 dpm per 100 I:m2 will be reported
to the RSO

6. Packing materials will be surveyed with the survey meter
and results recorded before disposal



F. General Rules for the Safe Use of Radioactive Materia!

ﬂ

- Radioactive materials will be locked when personnel

. Emergency notification home telephone numbers will

laboratory coats and other protective clothing will be
worn at all times in areas where radioactive materials
are used.

. Disposable gloves wili be worn at all times while

handling radioactive materials.

- There wili be no eating, drinking, smoking or application

of cosmetics in any area where radioactive material
1s used or stored.

- There will no storage ot food, drink or personal effects

with radioactive materials.

- Radioactive waste will be disposed of only 1n specially

designated receptacles.

No pipetting by mouth will be permitted.

Radioactive solutions will be confined in covered
containers, plainly 1dentified and labelled with name
of compound, radionucleotide, date , activity and
indication level 1if applicable.

are not present.

be pasted in the laboratory.
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ersonnel Training Program

The personnel training program will be given to all
personnel who work with radioactive materials.
The training will be given in the form of lectures

nd the duration of each session will depend on the
xtent of applicability to the employees involved.
he training program will be of sufficient scope

to insure that all personnel receive proper
instruciion including:

- Areas where radioactive materials are used or
stored.
. Potent hazards associated with radioactive materials
- Radiological safety procedures appropriate to their
respective duties.
Pertinent requlations and terms of Radioactive
Material License.
- Rules and regulations of the license.
. Their obligation to report unsafe conditions
- Appropriate responses to emergencies or unsafe
conditions.
- Their right to be informed of their radiation exposure.
- Locations where the license 1s posted or made available
notices and copies of pertinent licenses and license
conditions (including applicable correspondence)

Personnel will be properly instructed as follows:

2

N

Before assuming duties with or in the vicinity of
radioactive materials.

. During annual refresher training
. whenever there 15 a significant change i1n duties,

requlations or in the terms of the license.
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‘ H. Emergency Procedures |
1 Radioactive Spills

a. All persons in the area will be notified when a spill
has occurred.

b. The spill will be covered with absorbent paper to prevent
1ts spread.

c. Disposable gloves and tongs will be used to clean
up the spili. The absorbent paper will be carefully
folded, inserted into a plastic bag and disposed of in
the radioactive waste container. Al other contaminated
materials such as disposable gloves will also be inserted
into the plasiic bag.

d. The survey will be conducted using a low-range
thin-end window G-M survey meter  The area will
around the spill, hands and clothing will be checked
for contamination.

e. The incident will be reported to the Radiation Safety

' . Officer

f. Decontamination will be accomplished by scrubbing
the spill areas with an industrial cleaner using
disposahle towels until readings on the survey
meter indicate background levels have been achieved.

g. If the spill 1s on the skin, the area will be flushed
thoroughly and washed with mild soap and lukewarm
water.




‘ ADDENDUM F

WASTE NANAGEMENT




Management will insure that the volume of waste 1s minimized
to the lowest practicai level.

Short-lived radioactive material will be stored for decay
until radioactive levels as measured in a low background
area with a low-level survey meter with all shielding
removed, have reached background levels, to insure that
rodiation levels do not exceed natural background All
radiatiun labels will be removed or obliterated and the
waste will subsequently be disposed of in normal trash

Liquid radioactive waste may be discharged into sanitary
sewerage in accordance with the Reguiations.

L.
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