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PRIVACY ACT STATEMENT
!

Pursuant to 5 U.S.C. 552 ate)(3), enacted into law by section 3 of the Privacy Act of 1974 (Public Law 93 579),the follow-
ing statement is furnished to individuals who supply information to the Nuclear Regulatory Commission on NRC Form
313. This information is maintained in a system of records designated as NRC 3 and described at 40 Federal Register 45334
(October 1,1975).

1, AUTHORITYt Sections 81 and 161(b) of the Atomic Ener0y Act of 1954,as amended (42 U.S.C. 2111 and 2201(b)).

2. PRINCIPAL PURPOSE (Sh The information is evaluated by the NRC staff pursuant to the criteria set forth in 10 CFR
Parts 30,32,33,34,35 and 40 to determine whether the application meets the requirements of the Atornic Energy Act of ,

1954, as amended, and the Commission's tegulations, for the issuance of a radioactive material license or amendment
,

thereof,
i

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

,

(~) 4. WHETHER DISCLOSURE IS MANDATORY OR VOLUNTARY AND EFFECT ON INDIVIDUAL OF NOT PROVID.
ING INFORMATION: Disclosure of the reovested mformation is voluntary, if the reouested information is not furn.

'

ished, however, the application for radioactive material license, or amendment thereof, will not be processed. A request
that information be held from pubhc inspection must be in accordance with the provisions of 10 CFR 2.790. Withhold.
ing from public inspection shall not affect the right, if any, of persons properly and directlV concerned need to inspect
the document,

5. SYSTEM MANAGER (S) AND ADDRESS: U.S. Nuclear Regulatory Commission
Director, Division of Fuel Cycle and Material Safety

** Office of Nuclear Material Safety and Safeguards
Washington, D.C. 20555

o
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NnC FORM 313
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1.icensed material used is incorporated in the GENE-TRAK
(o) Systems pre-packaged, pre-labelled, and pre-tagged kit f or -

detection of microorganisms in test specimens. The test :
'Is an In-vitro diagnostic assay similar to clinical radio-

immunoassays. The usual amount of isotope handled at one .

time will be 75 microcuries or less. i
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Addendum C |

Individual Responsible for Radiation Safety Program and
Their Training and Experience i
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The Radiation Safety Of ficer will be Mona Gleoson. ;

Mr. Gleason will receive -two days of hands-on trotning at
GENE-TRAK Systems, Framingham, MA. The training will cover the

! 5efe use end hendling of radioactive meteriel. A copy of the course outline
is appended. -

|

All laboratory personnel that will be using the GENE-TRAL
assays will receive on-site training at Microbac 1. abs., upon
issuance of the license. The training will consist of two dogs of
training conducted by GENE-TRAK personnel. .A Certificate of training will
be issued to ecch leboratory steff mernber upon completion of the on-site
training.

The course is 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 calculations basic to use and measurement of
radioactivity, and,
biological effects of radiation. .

.

.

.
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' CERTIFICATE OF TRAINING |
!

This is to certify that,' hLet NDM'm ,

from d2eoeAar # I
,

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 j

training was conducted on OkLL // od M'. /1ff ld

'
/

!

The training covered the following topics:

,

a. 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: LM A W-R

Date: zu ///, / f ff'

!

;

}

NRC/ Agreement State
- - _ _ , . _ _ _ _ - __
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GENE TRAK Systems
; Schedule of in-House Training '

'
:
i;

;

Day 1 i

!

A.M.

Introduction to Gene Trek Systems !

Review the agenda
'Review of the essay protocol

Start assey procedure, filter pre prepared samples ;

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

4. .. >

P.M. ?' |

|

introduction to Radioactivity -

,

Biologloal ENeots of Radiation'

'

Recordheeping and Regulatory Requirements -

,
- Viewing of a video tape on radiation protection

i

Day 2

A.M.

Continue with the test procedure in the laboratory i

Add Pre 4tytridisation Solution . .

|Discussion of radiation protection
Add Hytridisation Solution and Probe .

Continue discussion of radiation protection
Perform recordkooping tasks

P.M.

Radiation measurements and instrumentation
Count filters and review data
Clean-up and radioactive spill procedure

O . cx 10

\
-

.
|

c
- _ _ _ _
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i - Technical Training Course outline

$;-
"

1. Introduction to Radioactivity

A. Definition
|

Id- B. Types of Radiation

| i. Modes of Radioactive Decay -

! ii. Units: Curie, DPM, Half-life, Range, etc...
'

2. Biological Effects of Radiation '[
''

-

; A. Energy and injury
~

i B. Absorbed Dose
+ .

.

h- l. Unhs -

& - ". ii

| li. Limits --

.

f C. Effects of Low Level Exposure
r -

,

_i 3. Radiation Protection

$ A. Standards for Radiation Protection (10 CFR Part 20)
' B. Intemal and Extemal Exposure

C. Time, Distance, Shielding-

|
D. Safe Laboratory Practicos

E. Personal Dosimetry

4. Radiation Measurement

A. Surveys

1. Geiger-Mueller Counter

B. Beta Detection Instrumentation

1. Scintillation Counters

ii. Gene-Trak Beta Detector

a. Principles

b. Efficiency;
, , ,

7

(" 11uo.

!
I

*
i

I
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5. Recordkeeping and Regulatory Requirements .-

o

,
. A. Radioactive Material License

'

R. .
4e

B. Responsibilities of The Radiation Safety Officer !
/ ',:9 s .,.

.

.
.

'
;N''' C. Posting Requirements

.:
,; . . . i. D. Recordkooping ,

v
t'..;

.

hi' . ..
i. Receipt of Radioactive Materials -Q

-
.

4.;.p m- ;

';
.:,j t. , ii. Contamination Surveys ;

d. .'. . . . iii. Weste Disposal
4

. . .
..

,';. s. Liquid- *
,

,, > -

e. ;.

..o . b. Solid . ,
-

.
.

> . - .' ~; ' ' . . iv. Inventory
,

.

.
. . . . .

If , v. Personal Dosimetry' ..

Nh~ vi. Instrument Calibration
i

I
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Introduction to Radioactivity

~

j Nucleer species are grouped into f amilles having certeln common
choret.teristics. A nuclide is cherectert:ed by the enact nucleer
composttion. For exemple.

I2C, 160 and I3I l

all are nuclides.

Nuclides having the some atomic number (seme number of protons),
ere celled isntopes:

125, 1271 end 1
333

ell are isotopes.

An isotope is sold to be radioactive if the atoms of that Isotope
are undergoing spontaneous disintegretton This process is known as
radioactivity.

The general concept is that en unstable nucleus (parent), gives
rise to e more stable product (daughter), through radioactive decog. The
daughter may still be radioactive end decay egeln. The result is the
transition.of one nuclear species to another and the transformation of !

[v') mess into energy. '

There are several modes of radioactive decay. When a neutron is
converted to e proton and electron, the electron is ejected from the

'nucleus and is celled a beta particle. For exemple, phosphorus-32 is in;

en unstable state. In order to become a more stable molecule it must
release energy. It does this by emitting en electron that takes with it ,

excess energy. Energy Is released in the form of kinetic energy and the j

energy imported to the ejected electron. The bete particle has a spectrum
of energy that is predicted and con only penetrated a small thickness of
solid meterial,

in decay by alphe emission, the nucleus ejects en alphe particle
which consists of 2 neutrons and 2 protons (a hellum nucleus). Heavy
radionuclides, such as urenlum-238 and its daughter products undergo e
series of alphe end Deto decog events to transform into lighter, more !

Steble nuclides. Although very energetic, alpha particles heve e very short |
rence in solid meteriel )

|

/^\
.

/3

t
.

i
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Atomic and nuclear processes of ten result in the emission of

electromegnetic redietton tuch et x-regs or gomme rays.
) Electromegnetic rectetton ts a packet of energy celled a photon. A photon4

' ''
has no mess or cherge end travels et the speed of light Because of these

! cherecteristics, x-reys ere deeply penetreting but trensfer little energy.

The above modes of radioective decay ere described es ionizing
radiation lont:tng radiation is eng form of redletion that con directly or
Indirectig tom:e molecules in its path. Directly lonizing radiation

'

consists of porticles heving suf ficient energy to produce ion 120 tion by
ce!liston. Bete particles are the mejor class of directly ionizing
particles, e.g. 32 , I4C, H. Indirectly lonizing radiation consists ofP

uncherged perticles, such as gemme rays and x-reys that can produce en
ton pelr.

The activity of reoloactive meterial is expressed in terms of the !

Curie (Cl).1 Curte is equel to 2.22 x 10,2 disintegrations perI

0minute. I microcurie (I uCl) = 2.22 x 10 DPM.

The half-life Is the length of time it tekes for one half of the
atoms to decay to a more stable form. Therefore, the rate of emisston.of

g beta particles is directly proportional to the number of radioactive atoms
g present Exemple:

32P has a half-life of approximately 14 days, If a probe
solutton contains 100 uCi on day 1, how many days must ;

pass until there are 75 uCI remaining? i

7 days.

If 50%, or 50 uCi will be gone ef ter the end of 2 weeks, 4

then 25% or 25 uCI will be gone at the end of I week.

The maximun thickness of a substance through which a beta
perticle will penetrate is referred to es the range. The range is related
to the density of the material 50 that if one knows the range in a meterial
of 1 unit censity we can divide by the new material density to determine
the range. Example:

,

I2 F has a rance of 0 6 cm in a matenal with a densitu of
1.0 cm/cm ([e water end sof t tissue.). If the denstth of3

gle[S is 2 3 gm/cm . What.ls the range of 32Pingle-[t3 ?

i
.

//
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Biological Effects of Radiation *

, 7-~

Y Radiation con cause injury to living cells by transferring energy
to molecules with which it interacts loni:ing redletion disrupts the
molecular structure by stripping the orbital electrons from the electron
shells. The emount of rell demege is directig proportionel to the omount
of ioni:ing radiation. Some repairing occurs, however the unrepaired
oemoge con occumultte resulting in permanent demoge to orgens end

- tissue or concers.

Effects of ionizing radiction depend not only on the amount of
energy involved but the location, extent of the region exposed and the
duration of the exposure. Rediation is different from other harmful
egents, ie. heet, noise, cold, etc., es we con sense these. Rediation has no
direct sensory warning.

That's why limits on redietton exposure have been developed. They
are derived from epidemiological and laboratory date on the relationship
between the radiation exposure and the expected biological effect.

The absorbed dose is the emount of energy transferred to the

_ { }~
metter divided by the mass of that metter. The absoiced dose con be

* different in various regions of the body. Red,' the redletion absorbed dose,
is the term used to describe the obsorbed dose.

I red = 6.24 x 107 MeV/gm

L

L

,|

n
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Note. The basic unit of energy is the electron volt (eV).
One eV le the omount of energy ocquired by on electron

(] when 11 accelerates through en electrical potential of |' ' - ' one volt.1.0 tieV = 100 eV. |
l

The dose equivalent is the basic quantity in radietion protection.
The injury produced depends on the amount of energy imported on matter.
Some types of radietion produce greater effects then others with the same '

amount of energy imported, for example, an alpha particle produces more
injury then an electron. These differences are mainly due the mess of the
particles. To provide for these differences the concept of relative
biological effectiveness (RBE) was developed. The RBE for alpha
particles is 20, for neutrons it is 10, and for x-rays, gamme rays and beta
particles it is 1.0.

The rem is the unit of dose equivalent and is calculated by
32multiplying the red by the RBE. In the case of P the rem is equel to the

rad and 1 rem is equal to 1000 millirem (mrem).
.

i rem = 1 red x RBE

.

( Different parts of the body are more or less sensitive to"'^
radietton then other parts. Radletion ef fects the most rapidly growin_g
tissues first and foremost,le. lens of the eye,Intestinel lining, hair
follicles and gonads.s

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

whole body,(Including goneds, 5.0 rem /gr
lenses of the eyes, and
red bone marrow).

( Skin 15 rem /gr
.

Hands 75 rem /gr
~

Pregnant women (with respect 0.5 rem /gr
to the fetus).

/7
. .
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'
_ lt is sometimes easier to appreciate herards when one comperes 'j

,7 _ estimated loss of life expectency from health risks. The folowing have j

.(J been derived by the NRC, Office of Stenderds and Development,1960**

|

Estimated overage
Health Risk' deus of life lost.

'
1

- Smoking (1 pack /dey) 2,370 (6.5 years) !
Overweight (20%) 965 (2.7 years)
Auto accidents -200
Alcohol consumption (U.S. everage) 1304

Sefest job (teaching) 30
Natural beckground radiation 8
Medicel M-reys 6
1 rem ocupational dose * 1

1 rem /gr,30 years 30
5 rem /gr,30 years 150

* Industrial everage is 0.34 rem /geor.
** Miller, B.,1966, Laboratory Safety: Principles and Practices;
American SociettJ for Microbiology.

-)

The quantities of radioective metenal used in the performance of
GENE-TRAK esseys are well below what is necessary to cause eng type of
immedletely detectable effect. Of more concern is the potential long term
effects that can result from chronic exposure to even low levels of
radiation. At the present time there is no threshold dose for these long
term effects. Although the nsk is small, common sense tells us that
radiation exposure in the lab should be kept "As Low As Reesorebly
Achieveble", This ALARA concept has been adopted by the NRC and cannot
be overemphesized!

,
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Radiation Protection'

s y,

As stated earlier, the stendards for radiation protection ere
formuleted by the NRC Code of Federal Regulations, Title 10, Port 20, but '

it is much easier to remember end adopt the Al. ARA concept. Regerdless of
the limits of rediction oxposure,it should be maintained that the general
policy is to avoid eng unnecessary exposure to ionizing radiation.

Exposure to radioactivity can be classified as either internal or
external exposure. Internal exposure comes from inhalation,injestion,
or penetration'of a radioactive meteriel (e.g. ebsorption through the skin).

. Some basic rules for avoiding internel radiation doses are:
1

Do not eat, drink or smoke in the laboratory
to avoid accideatol injestion,

Weer protective clothing and gloves to protect the skin
and avoid possible absorption of radioactive materiel.

..

Wash your hands ef ter performing procedures involving
. . radionuclides. .

in certain chemical forms some radionuclides, e.g.1251, are
'

vo!atile; Preved inholation by using a fume hood and keep the i

source container capped when volittle chemical forms are
possible. j

_

l

p Radiation exposure from external sources are those that deliver o
dose from outside the body. Protection from external sources of radiation
is accomplished through Time, Distance and Shielding. Obviously the |
longer one is exposed to the radiation source, the greater the number of
particles will be incident on the body, therefore the greater the dosec We

| cannot feel radiation, so there is nothing to remind us of the exposure.
i

'_ One con limit the time, and therefore the length of exposure by knowing |

the procedures well and perfecting technique. |

L By increesing the distance between you and the source you can also
limit exposure. The intensity varies inversely with the square of the
distence. E;-:emple:

,

What is the reduction in exposure when a radioective
j source is move from 10 cm to 100 cm?

M
,

, __- - ,..m.. .. ~-
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Tne distence is increased by a f actor of 10, therefore
' '

our equetion reeds os follows:
'y ,

if I g i ,

2: 2d 10 100

-By moving our source by a factor 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 radletion exposure is to place a
radiation-absorbing shield between yourself and the radlonuclide. When

32working with P, the most commonly used type of shielding is Luclte
plastic. Shielding isn't quite as simple es calculating the range of a
particle in a particuler' substance. When a bete 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 is better
to shield belo emitters with aluminum cr Mastics,isther then steel or-

leco

( ) Limiting the time of exposure, Increasing the distance between
you and the source and using a shield are all important things to consider
while handling redlanuclides. We must not, however, forget the the need
for safe laboratory practices. Basic laboratory common sense cannot be
overemphasized. Do not eat or drink in the laboratory; do not pipette by
mouth; weer protective clothing; keep the . work aree clean and

c uncluttered; etc...These end other precautions are required by the NRC and
'

are listed in your license application. |

f1onitoring devices may be recommended and individual users have
.

a right to see reports from these devices et any time. f1onitoring devices
I are more commonlu referred to as film badges These will not provide

protection, however they are useful even if the risk of exposure is small.
Their use insures that unexpected exposure does not go unnoticed. 1

|.

''

Film badges themselves are typically a small piece of x-rau film
The film blackens os it becomes exposed to radiation in the same way
:(-rau film is used to take :;-raus of Ones bodu. The blackening is read on a
densitometer and is proportional to the amount of exposure. Selective |
filters provide density dif ferences. The dif f erent densities identif y |

t general energies and allow for the conver::en of the film dose to o tissue

20

.- . .
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dose..To be effective the badges must be worn whenever one is working )- with radionuclides, it must be worn bt; the individual only and not lef t in j
V the radiation area when not worn. i
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Radiation Measurement and instrumentation

7_y

When radiation passes through matter it interacts with atoms and
molecules by tronsfering energy to them. This results in either of two s

situations.1, The energy is sufficient enough to strip en orbiting electron
from the atom of a molecule. This is known es ionization end results in
en ion pelr (e negelively charged electron end e positively charged atom or
molecule). 2. Excitation occurs when the electrons are disturbed enough
to enter en excited state but not enough to be ejected from the atom or
molecule.

.

The Geiger-Muller counter is e type of ionization chember. It
measures tne amount of ionizing radiction. The GM tube responds to
radiation by means of loni:etion induced electrical currents. A volume of
ges or cir is conteined between two electrodes having different volleges.
This results in en electrical field between the negatively charged cathode
and the positively charged enode. Normally the ges is on insulator end

- there is no current flowing between the electrodes. However, when the
gas is ionized by radietion the charged molecules are attracted to the
cathode. This causes a momentory electrical current. The flow of

g electrons is picked up on en empmeter where the cmount con be reed from

V e scale.

One uses e GM counter to conduct surveys of the work eree to
'

1

monitor for rooloective conteminetton. The survey meter should be
present and operable et all times eno snould be used to check fingers and
hands, clothing and the work aree. It should also be used during spill clean
up. Although radiation cennot be sensed we are fortunate to have en
instrument such es this so that we con monitor of its presence.

When radioactive meteriel reacts with metter end causes
L excitation or ionization the molecules or atoms of the metter undergo

recombination or de-excitation to releese energy. Most of this energy is in
the form of thermal energy. However, if the energy is released in the
form of visible light the meterial is celled e scintillator. An instrument
that detects scintilletion is known es e scintillation detector.

In scintillation counters used to count gemme rays, the
scintillator is e sodium iodide crystal. The redlocctive meterial emits

h re010 tion Whlen hits tne crystal. Energy in the form of visible light is
,g relected ano the light energy causes a photocathode to release
(j photoelectrons. The photoeiectrons are attracted to e serier of dynodes

Each dynode release? r^ ore and more photoelectrons and u!timately the
number of photoelec'ront in this cascade 3re tractin crocortinW to the 1 7

'

C W '~

.
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cm0unt of.r60letion incident on the scintilletbr.

To count beto rodiction, o ecintillotion cocktail te commonly used i

:( ) to convert the redletion into visible light. The light is captured by a
photomultiplier tube which releases photoelectrons es described ebove. In '

some cases, however, rodietion con be detected without cocktail. The
electrons are emitted from the source et various speeds. Because some
exceeo the speed of light in a particuler medium, they release energy in
the form of visible light. This phemonenon is known es Cerenkov -
Rediction. When one counts the filter circles in a scintilletian counter
without cocktail the counts represent.the Cerenkov radiction end this is
proportionel to the bete radiction from the source.

Although these instruments give us readings in proportion to the
amount of radiation emitted from e particuler semple, the results are not
necesserily the true emount of redletion emitted. Instruments that

,

measure radiation each have particular efficiencies that they ere
cepeble of echieving. Although the efficiency is a function of the type of
instrument itself, It is also related to the radionuclide it is measuring.

_

-As different radionuclides emit particles or photons et different
intensities of energy, it follows that some emissions are more easily
detected then others. It is importent to know the efficiency of the

f- radiation detector you are using as the source strength can be determined

() by the count rete of the detector. The following equation is used to
convert Counts Per Minute to Disintegrations Per Minute:

!

CPM
: DPt1Efficiency of the Detector

L
j. Exemple: The efficiency of the GENE-TRAK Bete Detector
| is 401 If the digital readout displays 400 counts per
L minute for a filter used during a wipe test, what is the

actual value in disintegrations per minute?

100 CPM
= 1000 DPt1

L 0.4

1
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: Recordkeeping and Regulatory Requirements '

:

,m i

j )
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~~

!n order for on individual to initiate _ a program that includes the
handling of radioactive meterials, one must obteln author 1:allon from the
Nuclear Regulatory Commission (NRC) or the appropriate state agency The

i
authorization is in the form of a license specific for the designated j'

material at a specific site. The license is granted af ter en application has '

been submitted and its requirements have been met.

}
Although the specific sites where procedures involving ;j

radionuclides are performed are documented in the NRC license, these !
areas must be clearly posted as a caution to those that have access to the
area. A * Caution Radioactive l'faterial" plaque is required in a room
or area where the radionuclide is stored or used. Stickers with the same j
warning must be used to 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 Radiation Area" should not be used as

;

these indicate that much greater quantities of radioactivity are present. j
'i

p A radiation safety program is conducted under the authority of a i

O. Radiation Safety Officer (RS0). the RSO is responsible for conducting
{

a radiation safety program to insure that all users are aware of the risks, !

and know the responsibilities for the safe use of radionuclides. The RSO is '

also responsible for keeping appropriate records for inventory and disposal
of radionuclides. '

Although the RSO is responsible for overseeing the radiation
safety program, Individual users are responsible for both complying with '

the regulations set fourth by the governing agency and the safe use of the
;

radionuclide by himself and others in the facility. |

Appropriate and accurate recordkeeping cannot be over
,

emphasized!!!!!!! Your records are important legal documents ano provide
proof of compliance with your license as well as provide for ef fective
administration of the radiation protection program. !

Receipt of radionuclides.

Upon arrival, the radiation safetu officer is respons:t.le fcr
inspecting the package to insure that it has not been damaged durtna

' '

n shipping. A measurment of the amount of radiation emitted from the
.Q package is taken to insure that the contents are intact in addition wioe

tests on both the pacLage and the source container are performed to '

UY
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determine whether or not the radiation emitted,if any,is due to the I

cource iteelf or is o result of removable contamination. See Appendnt A. |

Inventory,
i

11is importent to keep track of the total amount of radionuclide on i

hand at any one time, As your license restricts your facility to e limited
~

;

.quentity, e record of your inventory is importent so that you will not j
exceed your limit. Total inventory includes both the unused portion of the
radionuclide es well as tho solid radioactive weste being held for decey.
See Appendix B. !

.

Dostmetry Reports.
If dosimetry bedges are recommended by the governing egency end

a film badge service is established, periodic reports will be sent end
should be made evellable for ell users to see and inspect. The reports
generally include the exposure for the given period (i.e., one month),
quarterly exposure, ennual exposure, and accumulated occupational dose.

Radiation Surveys.
Rediation surveys in the form of wipe tests should be performed

weekly. Several locations in the laboretcry should be tested for removeble,

_(f contamination by rubbing e 100 cm surf ace with a filter paper circle.2
~

The filter paper is then counted in either a scintillation counter or with
the GENE-TRAK 8ete Detector. Remember to convert CPM to DPH end
determine the amount of radioactivity removed from the surf ace. Choose
several locations in your laboratory that are likely to become
contaminated, for exemple, the refrigerator door handle, waterbeth handle,

2sink drain and bench top. In most cases the limit is 500 DPl1 per 100 cm '
but keep in mind the ALARA concept. If surveg results usually are close to
background, but suddenly en eree has jumped to nearly 500 DPH, perhaps
that area is slightig contaminated it can never hurt to clean a higher then
usual ereo even though it is less than the limit. See Appendix C.

Disposal Records.
Solid and llauld weste disposal must also be accounted for.

Because the quantity of radionuclide being used I? low,in most
jurisdictions liquid weste can be dispos 9d of down a designated sink drain.
There are, however, limits on liquid red 10 active waste disposal. It is >

important to keep up to date records 30 that these limits are not eNCeeded.
Solid Weste, on the other hand, must be stored for a minimum of10 half

. 4 lives before it can be disposed of. A record of the initial date of

X
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l1Storege 2nd the date of disposal must be kept on file. See Appendices D i
|

' end E.,3 j
'

t- V
' ~

Instrument Calibration. | |

,

Your survey meter must be celibrated annuelly and the certificete ! 1

of eclibration sh0uld be kept on file. The compong that will perform the
celibration of your survey meter is designated in your Radioactive Meterial

,

License application. Keep in mind that while your survey meter is out for
celibration you must have o replacement on hand. GENE-TRAK will be
heppy to loan you a survey meter for the period that yours is out.

.

Your bete detector will be celibrated at the manuf acturer and will
be checked with standards during the instellation. Periodically, stenderds
will be sent to your facility. The standards are to be counted and the dateg ,

sent to us to determine whether or not your instrument should be
recelibrated. Again, GENE-TRAK will send you e loaner es necessary.s

.
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Glosnary of Terms

J
.

- '
Absorbed Dose

The mean energy of ionizing redletion imported per unit mess
irredicted meterial at a point of interest.

I,

Absorbed Dose Rate
,

Absorbed dose delivered per unit time,
,s. .

Absorption

The process by which radiction imports some of all of its energy
to the meteriel through which it passes.

Activity
The nuclear transformations occuring in a given quantity of
meterial per unit time et a given time.

Background Radiation
loni:ing radiation erising from radioactive meterials other then
that directly under consideration. Background radiation comes
from cosmic rays and other naturally occuring radioactivity that

,

'

is alwegs present.

Beta Particle
A charged particle emitted from the nucleus of en atom, having a
mass and charge equel to that of en electron.

'

Bremsstrahlung
Secondary photon radiction produced by deceleration of a charged

- perticle possing through metter.

Cosmic Roy
High energy perticulate and electromegnetic radiction that
originetes outside the earth's atmospere.

Curie
A unit of activity. One curie (Ci) equels 2.22 X 10 12
disintegrations per minute.

Decey

The process by which and unstable nucleus spontaneously emits e '

.

Charged particle or photon

ay
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- Dose Equivalent
The dose equivalent is used in radiation protection es en Indication,

[]" of the biolog.cel effect that'will be produced in on irradiated
V tissue. The dose equivalent is the product of the absorbed dose in

tissue (see " red") and the radiation biological ef fectivness (RSE).

Ef ficiency -
A measure of the probability that a count will be recorded when
rediation is incident on the detector.

Film Badge
A packet of photographic film used for the approximate '

measurement of radiation exposure for personnel monitoring, The
film meg contein more then one film of differing sensitivities, or
it meg conteln filters which shield parts of the film from certain
types of radiation.

Geiger-Mueller '

A type of ionization chamber whish measures the electrical
- potential between two electrodes that is created by ionizing
radiation.

- Half-life
- The time required for a radioactive substence to lose SOS of its

activity through radioactive decog.-

Half _velue Luger
The thickness of eng meteriel that will reduce the intensity of
ionizing radiation by 50%.

Inverse Square Law
The intensity of radiction at eng distence from a point source
varies inversely es the square of that distence.

lonization
The process by which a neutral atom or molecule acquires either e
positive or a negative charge due to the transfer of energy from a
radioactive source.

lonizing Radiation
Ang electromagnetic or particulate radiction capable of producmg
lons as it passes througn metter

LO
"
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Nucitdes hoving the some otomic number (some number of protons)
[[ but dif fering in the number of neutrons, and therefore in the mass
'~'

. number. ' Almost identical chemical properties exist between
isotopes of a particular element.

.

Quality Factor
The lineer energy transfer factor by which absorbed doses are
multiplied to obteln o quantity that expresses the biological
effectiveness of the absored dose. -

Red
-

1

The basic quantity that chorectenzes the amount of energy ,

t.- incident un matter.1 Red : 6.24 X107 lieV/gm.
Rem

A special unit of dose equivalent. The dose equivalent in rems is
numencally equal to the absorbed dose in rods multipled by the
quality f actor.

,

Relative Biological Ef fectiveness (RBE)
_-The RBE is e f actor used to compare the biological ef fectiveness-

. of the radiation absorbed dose (rads) due to different types of
ionizing radiation.

Roentgen (R)

A special unit of exposure refering to photons of electromagnetic
4radietton. I R equals 2.58 x 10 coulombs per kilogram of otr.

Scintillation Counter
An instrument in which light flashes caused by lonizing radiation
incident on a scintillator are measured.

X-rag
Penetrating electromagnetic radiation having wavelengths shorter

'

than those of visible light. They are usually produced by
Dombatding a metallic target with f ast electrons in a high vacuum.
These photons originate from the extra nuclear part of the atom as
opposed to o gamme rey which origt.iates from the nucleus.

p
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RADIOACTIVE SHIPMENT RECEIVING /lHSEICJ1DMLREPORT

& 1. Isotope: Tott) No. of mCl:, ( ); _

N' A

' ' Date Rec'd Time Rec'd P.O. No.- J
_

' 2. - Visual Inspection of Vendor's Shipping Carton. If the shipping- ;

carton is damaged. notify the RSO immediately.
: .,

Intact Punctured Het . Crushed __._0ther (note).,

I. 3. Vendor's Stated Radiation on Shipping Carton Label (s) '

(Total in Curies).
,

4. Closed Shipping Carton Radiation Scan.'
-

.

A. Meter Identification:'

- ' B. Background Count (BKG): (mrem /hr)
L C. Activity at I meter: (mrem /hr)

; j D. Activity carton surface: (mrem /hr)

'. NOTE: If C exceeds 10 mrem /hr or 0 exceeds mrem /hr, notify the
E ..

l

, ' , Radiation Safety Officer or Deputy insiediately.-

p

! 5. Open carton (s). Total number of vials:
'

6. Do the P.O., Packing Slip & Vials agree as to:
,

~~

A. Radioisotope yes no, difference-

7

( N Ys, B. Quantity yes no, differencel . *
C. Chemical Form yes no, diff,erence'-

7. Hipe-Results From:

( enm - BKG)
| A. Outer Shipping ( DPM Factor )= OPM

Carton .

BKG)( cpm -

8. Source Container ( OPM Factor )= DPH

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

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

9. A. Olsposition of packaging materials .

. B. Disposition of source container (s)'

.

.t

10. If NRC/ carrier notification is required, log time

Date: Person (s) notified:

Received / Inspected By:

1 IG# Date: *

' " Form HP-006-03 ,

,

;

_- _ - , . . . . . ~ . . _ _ . . . _ . . , _ , _ _ _ . _ . . _ _ . _ . _ . . - . . . . . . . . , . _ _ . . . _ . . ___ _ ___
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Appendia B j*-
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,w 1

/ |
' 'g- P-32 INVENTORY LOG

'

1

|

|

Date -uCl Received uC) Drain uC) Added Decay from Current l

o . Olsposed to Solid Prev. Heek Quantity |
;;p:' .. . Haste-

c''
...dc,'..n' |

"
..

*

.Wf. .h. '.'.: ~ .

...
'

't . & .

O ' .'. .
W:d. . . .

, .i,.
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-t ,p. .:
*
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.
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,
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Appendix C
.

WIPC JESI-RE 0ftQ7

- {':4

OATE DACKGROUND (cpm) LOCATION NO.* I h'IPl! TliST Nirr tipm/
.

,

I It!! SUI.T (com) 100 cm-* *

-
-

..

5

* t

.

.

.. %
*

-9* .

h ,,

,

&

* Location No. Location **

1 Net dpm/100 cm2*

2 (Total cpm /100 cm2 - Background) 2.5
3
4

5
6

7

| o3' --

10 ,

/1697b

.- - , . . _ - . _ . . . . _ . . . - . . . . _ , _ _ . . _ . . _ _ _ . . _ _ . . . _ _ _ . _ _ _ - . _ _ _ _ _ _ . _ - - __
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Appendia D-'

.

Ds ..,.
V

.h -

.

,' DISPOSAL RECORD FOR ISOTOPES RELEASED INTO THE SEWERAGE SYSTEM'*

i,'

*- . . .
" */ DATE ISOTOPE VOLUME , MICROCURIES INITIALS

N.Y5-. . .

l. .2.
h . 3.
f.'s:A . .

-

! .- .

.. .
.

dlYf,' - -

~

:.; I '* 9.
~

,+ !/18. .
,

| 1.w."

'

' :s p.m ,,

'13 n . t - , *{;
-

? S14'. .

4 ?15.
- .16. _

- - .. 17.

o 2. .

'' g% .
..,.

'

21.
22.-
23.
24.
25. .

'

26.
27.

-' 28.
29. .

30.
31..

i 32.
'. 33. '

34.
35.

! 36.
|. 37.

38.
| 39.

40. -i

|

'"

O C' VHDI DATA RAS BEDI ENTE!ON LINE 40. CotTIACT THE RADIATION SAFETY OFFICE$

O'"

FOR ANOTHER DISPOSAL REC @.

,

.- -. - n -,
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O O
SOLID WASTE DISPOSAL RECORD ! !Appendix E t;

O, : -

DATE PUT DATE DISPOSED SURVEY METER READING- RADIATION
'

g,' '
<

g. AWAY FOR AS REG. TRASH (mrem /hr.) SYMBOLS
DECAY HASTE BACKGROUND REMOVED

(Checked)
"
,

i
*

]:. j
'

-

:

!
'

t, .
t .

* 6

:
' ' " * . I.t,

I
t g

. . . .
i

' V *
a *

N. ','.' t . :
" s t

, !!
.

:*
!

. .

%)
,

.

9 0

t

e

.

:

=

|.

|
1

'

e ne
- Vw 00.

2230b

|
L
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SOLID WASTE DISPOSAL RECORD e

!Appendix E .

'

DATE PUT DATE DISPOSED SURVEY METER READING RADIATION
'

.

AHAY FOR AS REG. TRASH (mrem /hr.) SYMBOLS
DECAY HASTE -BACKGROUND REMOVED

(Checked)
.

|
|

-

T

'%

'

-

.

1
1-

|

l

l

|

|

1
|- 1

o .

2238b

. - . _ - - -_ _ _ _ - . - _ _ . . _ _ _ _ - . , . . _ _ _ . _ - _ _ - . - ~_ . - . _ - - - . _ . . _ _ _ . _ , _ . - _ . . . _ _ _ _ - . _ _ _ -
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L O O
8_ADIDACTIVE St!!PHENT RECEIVING /INSE[CJ,1QM_8EEORI

'

j 1 .-- Isotope: Total No. of mCl: _.

_ , , . .

~ . - , _

,

Date Rec'd Time Rec'd P.O. No. __.
,

2. .' Visual Inspection'of Vendor's Shipping Carton. If the shipping ,

carton is damaged, notify the RSO immediately.

Intact _ _,, Punctured Het Crushed _ 0ther (note)__
,

'

3. Vendor.'s Stated Radiation on Shipping Carton Label (s)~

(Total in Curies).

4 -Closed Shipping Carton Radiation Scan.
,

A. Meter Identification:
B .- Background Count (BKG): (mrem /hr)
C. Activity at I meter: (mrem /hr).

D. Activity carton surface: (mrem /hr)

NOTE: If C exceeds 10 mrem /hr or D exceeds mRom/hr,' notify the
Radiation Safety Officer or Deputy immediately.

5. Open carton (s). Total number of vials:

6 .' Do the P.O., Packing Slip & Vials agree as to:

A.. Radioisotope yes no, differenceem
( J-

B. Quantity yes no, difference
C. Chemical Form yes no, di f f,erenceN

7. Wipe Results From: ,

( com - BKG)

A. Outer Shipping ( OPH Factor )- DPM

Carton

BKG)( cpm -

B. Source Container ( DPM Factor )- DPM

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

If 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. If NRC/ carrier notification is required, log time
Date: Person (s) notified:

Received / Inspected By:

IG# Date: _. .p
Form HP-006-03

- . - .
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Appendix B

- ry.,

. ' s_)- E-32 INVENTORY LOG-

Date .uCi Received uCl Orain ::Ci Added Decay from Current
- Disposed to Solid Prev. Heek Quantity

Waste

J

-
;

i

,

(D j

u .) :
;

,

1

i

!

,

/1669b/ *
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Appendix C !

i

l: r''-)
HIPE lESI REQRQ

:v. ,

DATE BACKGROUND (cpm) LOCATION NO.*
| lt1Pli TIST

Ni;T dpm/ ],

luLstil|0 (enm) IU(}_c!3 *
'

,.

1

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

,

.. !

.._.

i

.

-

;") .
,.

.

9

* Location No. Location **

1 Net dpm/100 cm2, ,

2 (Total cpm /100 cm2 - Background) x 2.5
3
4
5
6
7

#
.

10'-
.

/1697b

_ _ _ _ _ _ _ . . _ . -
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Appendix 0- )s

rs 1

'

,,
1

DISPOSAL RECORD FOR ISOTOPES RELEASED INTO THE SEWERACE SYSTEM

DATE ISOTOPE VOLUME MICROCURIES It3ITI ALS

1.
*

2 ~.

3 '.
4..

5.
6.

7.
-8.

9. |

10.
11.
12. 1

'13.
14. I

'

15. !
:.16.
17.
.18.

-

QJ: _21. .

22.
23.
24.
25.
26.

n:- |
29. l

.

30.
31.
32.
33. ls

34. I
35. !

|36.
_

37. ~-

38.<

39. ~
40 1

0' ;
Wi!EM DATA liAS BEEN ENTERED ON LINE 40, CONTACT T}lE RADIATION SAFETY OFFICE

FOR ANOTi!ER DISPOSAL RECORD.

. . . - _ - - , . . - , ___.. . , _ _ . _ . . . . . . . . . , _ _ . _ _ _ _ . _ . _ . _ _ _ _ _ . . ~ . . - _ . . - - - - . _ . _ - - - _ _ _ . . _ . .
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Addendum D
- Facilities and Equipment

:i

?|
'

L

.. j

-

i

;

i

.

..

.

I

[

!

( ..

|

LO
,
:-
t

(1

. _ . . . - .. ____. _ _.._ _ ._ . .._ _. _ ._ _ _ - _ . ___ _ -.. _- _ _ ._ _ . __ ___ __



. . _

~

OL O
. .

-

,a _ .

s -

A. FACILITIES '

- |,

|

A-diagram of the laboratory is appended. |

- !

B. EQUIPMENT

Diagnostic tests are completed en a membrane filter
an'd'results are determined _by the use of the GENE-TRAK !

Beta Detector.

The Detector is model CTC-4 manuf actured by Radiation
Monitoring Devices, Inc.,44 Hunt Street, Watertown,
Massachusetts 02172, Performance of the Detector will

be routinely checked in accordance with the GENE-TRAK
Systems quality control procedure.

A geiger counter, such as a Ludlum 2 or 3 or equivalent,,.q

Q' .will be used to survey incoming packages and the work
area. Calibration of the survey meter will be performed
annually and_af ter 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 monthly by:

R. S. Landauer, Jr, and Co.

Shielding composed of one-half inch thick lucite, will
be used during handling and storage of the isotope.

|

| O

r-
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udlum susvey METess !
,

g

o-"

8 ;

.GElGER-MUELLER OR SClNTILLATION!I '

SPECIFICATIONS ON REVERSE SIDE ' ;

! !
'

,

M |, '' . .
.

' ~ :w - ,

'

'ig,

'

N .. . . hA
@,r;;, ~ . ... :$s'R, ,~..'

>
.

|' .

'
.. ,

.'. . y : . . .: :'s: <
.

N. . ' , . ,

s

'N. , . '

O MODEL 2
*

!
.

1

:
I

'

,.
*

| -

.

Y.'h'h.
~ ,

*

s ...
.

<

'|,s,, :.., ,?> ,(;'
. ,,.

.

S[.
*':'/,4.. ,

h.I-{|[ '' |
.

.

'~. .

!

MODEL 3 -

LUDLUM MODEL 2 AND MODEL 3 SURVEY METERS
i

COMOINE THE MODEL ? OR MODEL J WITH ANY LUOLUM GEICER MvELLER. O
1

OR SCINTILLATION PROBE TO ACCOMPLISH
net > TRON OR X RAY COUNTING NEED 1'GUR AL PH A BE TA ' AMMA -

!

OETECTOR SPECIFICATIONS ON DETECTOR SHEET
.

,

. . , _ . _ . _ _ _ . . _ . _ _ _ _ _ . _ _ _ _ _ _ __ _ _ _ _ _ _ _ _ . _ . . _ _ _ _ _
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d udlum SURVEY METERS
I

!

GElGER-MUELLER OR SCINTILLATION !:

! i

SPECIFICATIONS ON REVERSE SIDE
:

i
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MODEL 3

LUDLUM MODEL 2 AND MODEL 3 SURVEY METERS
O CD'.1 DINE THE MODEL 2 OR MODEL 3 WITH ANY LUOLUM GEIGER M >CLLER00 CCiN TIL L A TION PnODE TO ACCOMPLISH i

NEUTRON OR X nAY COUNTING NEED (OUR ALPHA BETA 'i/iMMA

DETECTOR SPECIFICATIONS ON DETECTOR SHEET
.

_ . _ _ _ _ _ -- - '
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THE MODEL 2.

t
i
;; Two "O" cell flashlight batteries, replaceable from the front panel, operatej '

tnis survey meter and also the speaker. The meteris housed in a cast aluminum
<

4
bezet. The audio system is standard o i this counter. Any GM probe offered by

.
''*

-

Ludlum is compatible with inis unit, as well as many scintillators, since an '

c1
, ADJUSTABLE HIGH VOLTAGE is provided.

] Hl( ; '3 HTS:

t

individual range calibration potentiometers * Huggedized Meter * IC
- e

Circuitry * Temperature compensated * Electronically regulated power.

, ' ' , supply * Corrosion resistant * All components derated to insure long life *
Liberal one year warranty * Probe clips furnished at no extra charge, upon

j request,
,

i
''

SPECIFICATIONS:
3
R
D Range: Three linear ranges from 0 50 MR/Hr. Meter scale presentation

f 0 5 MR/Hr (0 5K CPM upon request) with multiples of X,1. X1, and X10. '

Response: Toggle switch selection for 3 or 11 seconds.j Sensitivity: 40 Millivolts,
1 Reset: Push button switch for meter reset.,

# i. High Voltage: 900 Volts for Geiger Mueller probe( J . ..' Externally adjustable from 400 to 1500 volts.
Audio: A built in Unimorph speaker system with On Off switch.

;| Connector: "C" Series,

j) Linearily: Plus or minus 5% of full scale.1

Calibration Stability: Less than 5% variance to battery end point.
i Meter: 50 Micro amp. 2%" diameter.
'

Size: 3.4" X 3.5" X 7.0" (H x W x L exclusive of handle).
,

: Weight: 3.2 pounds, less batteries and detectors.
.

a

|

-

THE MODEL 3

This unit incorporates all of the deluxe features found in the Model 2 plus an
additional range. The four scale unit allows operation from 0 to 200 MR/Hr. Four,

i scales of 0-2 MR/Hr with multiples of X.1, X1, X10 and X100. (0 5K CPM or 0 50 *

CPS upon request).

I
'

!

I

LUDLUM MEASUREMENTS, INC.
501 Oak Street Sweetwater. Texas 79556e Telepnone (015) 235 5404.

*

l'e st 1,9 9 1.s t f C. A

i

I

.

_ . _ , _. _. - _-__ -
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.- THE MODEL 2
f. ,

:;
Two "D" cell flashlight batteries, replaceable from the front panel, operate !

>j this survey meter and also the speaker The meteris housed in a cast aluminum
bezet. The audio system is standard o $ this counter. Any GM probe offered by'*

Ludlum is compatible with this unit, as well as many scint'llators, since an
-

3 ADJUSTABLE HIGH VOLTAGE is provided.
's ,

'
'

HIGHLIGHTS:
!a

* Individual range calibration potentiometers * Ruggedized Meter * IC
J

Circuitry * Temperature compensated * Electronically regulated power ,

1 supply * Corrosion resistant * All components derated to insure long life *; -

Liberal one year warranty * Probe clips furnished at no extra charge, upon
j request. r

'. *;,

3 SPECIFICATIONS:*
[n

'

,

!
Range: Three linear ranges from 0-50 MR/Hr. Meter scale presentationj 0 5 MR/Hr (0 5K CPM upon request) with multiples of X.1, X1, and X10.
Response: Toggle switch selection for 3 or 11 seconds.

-

' ',, Sensitivity: 40 Millivolts,

j,Gy, Reset: Push button switch for meter reset.( High Voltage: 900 Volts for Geiger Mueller probe
t ;S Externally adjustable from 400 to 1500 volts.N ,

Audio: A built in Unimorph speaker system with On Off switch.
Connector: "C" Series.,

Linearity: Plus or minus 5% of full scale.
7 Calibration Stability: Less than 5% variance to battery end point. ,

.i Meter: 50 Micro amp,2W' diameter.

.1 ;
Size: 3 4" X 3.5" X 7.0" (H x W x L. exclusive of handle).
Weight: 3.2 pounds, less batteries and detectors.

-

'

;

THE MODEL 3 '

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

'

.
-

.

I
I

LUDLUM MEASUREMENTS, INC.
soi oas streetJ; Sweetwater. Texas 79556s . Tetephone (915) 235 5494.

...._,,..m.,

1.' 8 t'O

.

, . - -, - . , . .,. . - - - .
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;

,

WINDOW: 1.4 to 2.0 mg/cm8 mica. i'

WINDOW DIAMETER: 1 3/32" diameter. ;'. ,

T. WALL: 0.046 inches stainless steel, plus 0.062 aluminum
;

'

holder.''{ '

MOUNTING: Aluminum holder.
[N.

DIMENSIONS: 1%" diameter by 5%"long. '

.- -

WEIGHT: 10 oz.
>

MODEL da 7 Replaceable GM lube
>

END WINDOW GEICEA.MUELLEA PA0bt Removable protective wire screen.
.6

'

_m
'

- |

O

.

. - - , . - - - . e- ,-.- ~m =
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i

O US BETA-GAMMA DETECTORS
1

!
k

i

.

.. .-
;

WINDOW: 1.4 to 2.0 mg/cm8 mica.
#, WINDOW DIAMETER: 13/32" diameter.

WALU 0.046 inches stainless steel, plus 0.062 aluminum'T. holder, .'f'

MOUNTING: Aluminum holder, !s. i

DIMENSIONS: 1%" diameter by $%"long,
- -

)WElGHT: 10 oz.
Replaceable GM tube

,

NO WINDOW GEIGEA MudLLEA PAOBE E "'' 'C' # ' '

O :

P

&

I

>

4

.

*

|

O
.
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COUNTING EQUIPMENT jO
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Custom designed for use with the GENE-TRAK system, ' * *4"['
1

b, accuram, @%
the GENE TRAK Beta Detector affords unmatched con- .'

'"

gg venience and efficiency in a small, modular bench-top 7';
instrument. Compare these features to other beta-per- ..

ticle detectors: '

ift a compact, easy to use, economical um.t. !* Unique, custom-designed sensors eliminate the need
for and expense of scintillation vials and fluids. Radio-
active waste is minimized.

* Three counting times allow maximum operator 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-

I
make the GENE TRAK Beta Detector easy to use, ,

i + Filters go directly from drying to counting with
no extra handling requirei

,..~, * Ughtweight for ease in handling and portability, the
, ,

unit's compact design also saves valuable bench- -

,
space.
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Now, accurate, reproducible Custom designed for use with the GENE TRAK system, '" !!
'

the GENE TRAK Beta Detector affords unmatched con- ' ' .
'

beta anu. .ssion detection
venience and efficiency in a small, modular bench-top ''? '

.
'

instrument compare these features to other beta-par. ;

ticle detectors:in a compact easy to use economical unit.

. Unique, custom-designed sensors eliminate the need, , .

for and expense of scintillation vials and fluids. Radio-
,

active waste is minimized.
* Three counting times allow maximum cperator con-

trol and flexibility. The GENE TRAK Beta Detector 't

iautomatically 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

i
no extra handling required. :

| * Lightweight for ease in handling and portability. the
umt's compact design also saves valuable bench
space.
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Jg Ludlum Hensurements, Inc. warrants he products covered in,b.- this Instruction Manual to be free of defects due to workmanchip,et materials, and design for a period of twelve months from date ofi delivery, with the exception of photo tubes and geiger tubes,which are warranted defect free to 90 days.

In event of instrument f ailure, notify Ludium Haasurements$f. Inc. for repair or replacement. Liability of this warranty is
i'/ ' limited to the purchase price of the :.nstrument.

!
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. . .
.

, -. s. ...
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RECBIVIHG CoRDITION EIAftI2ERTION
.:. s. ",

Se sure to verify that the chipping earton is received in
,

perfactl
| visible. y good condition. For e:: ample, that no damage should bc
,

Should the incerumentcave the shipping cont:inct be received .in a damaged condition, Iand the packing material and roquos: !| sn i=medicto inspection b.-| the carrior.
Ludlum Hossure=cntu, Inc. ic not recponsible fer the dc=cge

L vhich occur during ::hipment but vill caho ovary effort to hcip'

obtain restitution fica the carrior.
| .c
t : - *

RETUnn OP cocDS TO IUuEUFACdDRER

If equipment needs to be returned to Ludium Measuremente,Inc. for repair, calibration, etc., please do so by theappropria te method of shipment. All shipments should includo
documentation containing chipping address, customer name and
telephone number, and all other necessary information.

. Your cooperation yill e::pedite the return of your equipment.
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I 1. GEUURAL

6.?> ;

T The Model 2 is a portabic survey instrument that
, j)5 tuo standard "D" cell fischlight batteriec. The instru:rna

ooer: tor c: t

f eatures a regulated high voltage power supply odjustatie.
ffrom 400 to 1500 volto..t. ..

.

i!. The unit body is madc of cast-aluminum, including the meter 'k housing. The can is 1/16 aluminum. Other operating foctursa
fel. of the instrument includo a unimorph speaker mounted to theej instrument can with an audio ON-OPF capability, fast-slov
l'. meter response, meter reset button and a 5-psition suitet.7 f or selecting battery checi: or scale multiples of X0.1, XIand Y.10. Each rcnge multiplier has its own calibratic:,

-

po tentiomo tar. -

Any G-N probe off ered by the company will operate on this
unit as well as many of the scintillator-type detectors. Thein s t r ument is set f or 900 volts G-H tube operation. FC:special requirements, it may be adjusted for operation with
any G-M or scintillstor tube botuoen 400 and 1500 volts.

.p The unit is operated with tuo flashlight batteries f :
( oporation_from 150 0 to a p p r o::ima t ely 320 F. .:

,

,:emperature operation to 00F, oither very fresh al:::li..4
, or recharocchlo DiCd ba tte rios mcy be uced. Battery 6::1.
J - cvorages 30 milliamparcs.
i.

| C. OSCCIS'ICLTIOUS
I
l- POWER:# tuo Otandard 'D" 01::o batteries
I

Tu tiEE LINEAR RANGSS: from 0 to 50 mR/hr; me te r ' s::r.l e
presontation - O to S mF/hr uith range multiples of : 0.1, ::1,X10;- O to SR Counts-par-dinuto option
SEUSITr7ITY: 40 millivolts, (+20mV, -16mV).

.

ADDIO: built-in undmorph speaker uith an ON-OFF suitch
HIGH VOLTAGE: c::ternally adjuctnble from 400 to 1500 volts
RESPONSE: S cr 25 second f or 900 of final reading1 -

,

LINEARITY: plus c: minu 50 full scalo
-

CALIDRATION STAD2LITY: locc than 150 variance to battery endpoint

.' -2-
!

- -- -- _ _ . . _ _ . _ _ _ . _ . . , _ _ . _ _ __ _ _ _ _ _ __ _. _ -.
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1.: . . .:::: I J 'i , ;,ive ;;-ena-j catel c. v ;wnt:, * 2/ 3 a n::n :.c;2 e f:

-.8 C D.i: U CTO.7 : Sv;ier "C", 7CC U/G (DUC or MllV =ay 01: r, c |
i

providad).

SI::C:
3. 4 :: 3.5 : 7.0 inchoc (H :: 11 x L) e::clusive of hcadio i

1

,

-

i WEIGHT:' 3.5 pounds loss detector i

'
3

DOSCELIPTION OF CETEC::.S AtrD FDNCTIONS
,

| Range Multiplier Seleci:or switch is a 5-position switch .

marhod OFF, BAT, X10, X1, X0.1. Turning the range solocter
suitch f rom OFF to BAT position provides operator a battarychach of the inctrument. A BAT choc!t secle on the materprovidos a visual means of checking the battery status.noving the range colector suitch .to one. of the range ,

multiplier positions
uith an overall range (X0.1, X1, X10) provides the operator

.

is installed). of 0-f0 m.Vhr (0-50K if the CPM scale :
'

f or determining the actual reading. Multiply the scale reading by the cultiplier'

'

AUDIO CH-OFF Toggle Suitch, in the On pocition, operates the
O, unimorph speal or, located on the lef cide of the inctrument.The f r equenc;r of the clichs is relative to the rate of thuincoming pulsen. The higher the rcto ic, the highor n.e

i
,

audio frequency. The cudio should be turned OFF uhen n:t
r
'

renuired to reduce bettery drain.
.?act-Slou Toggle Suitch provide acter responto. Selecting| the "F " pocition of the toggle switch providos DOS of finci! reading in. 5 seconde. In "S" perition, 900 of final reading;

tahos 25 s'o conds . When che inctrument is not on "F", th er eL is fact response and large meter deviation. ID.cn it is set| on "S" po siti on , there is a clou responce end d:mpad meterdevia tion.<

RCS Button, when depressed, provides a rapid means to drivothe motor to ::ero.
!

Bigh Voltago Adjustment
voltsgo from 400 to 1500 volts.provides a mocno to varv the hichThe high voltage setting -dvbe checked at the connector uith an appropriato voltmeter. ~

1

-3-

LO

.
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f :tou sj e L.'ali br a ti ca Ad uct:. ion t: cre ;c;cccod potenti 0 :::j
, g loca ted on lino .ti t h c .ch weltiplier pocition. 7/.c : e ;

..

ej adjuntnant control c110's individual eclibration f or c:chO tengo multiplier. ,

-

h
>

. . . .

{{ 4. 0vJtATIC3 PnocIDDECS
1, '* .

E Slide the battery box button to the rear, open the lid !4.1 .

and inctall tuo "D" si::o bottories. Note (+) (-) :. arks i

.

f on the inside of th e li d. Match battery polarity to j

>

gl these marks. r

;

,f . MOTE : Contor post of faschlight battery is positive.
.. .

.
.*

DO Nom Tt.7 0T LTD MD9 mom = It Slide: to rear.
.

..

Closo 'the battery bo:: lid. '8

4.2 ' Switch th e*

rango switch to BAT. The meter sh: 1d; 'i
I deflect to the b.'. :t.ery choch portion of the meter scale. '

If th e motor does not respond, rocheck that th e
batteries have proper polarity.

/'
4.3 Connect th ? cr.ble to the instrt: ment cad detector.
<.4 ' urn tho instr::mont r:n g: cuitch to :I10. Cxposo the
'

3ctector to c chach courc:.:. Tho apaakar should cL'.ch -

/ith the AU.7IO C: -077 cuitched to 03. !
,

,

4.5 we tho :nnt,o cuitch to the 1cuor sesles. until a ceter
reading is indicc eed. The toggio switch labolod P-S
chduld have $cet rc pon=0 in "F ", slow response in 'S*.

4.G Depeces thq RES suitch. The meter should cero.

4.7 Proceed to uce the instru=ent. .. .. S* i -|-

1: :. D ' . ,. ,.- *

5. '"' N "Io3 1 i.
'.

..- i

|5.1 Detector oporating Point: Adjr se the .bish 703%8,0 N ,|, { |control for 900 volts at th e instrument conce ,; .

G-U detectere. . . , . . - _% ..g.,,
.

* ' ,'7;i . .?#.5|.;i ~.* : j'
''

.

.5.1$f$N$tFih pd| |;
. :.M.yr :d!.u vy@w+%g-.a i
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,

,

':W."J . ;. ...- t . c .n.ro.;t a ti e v og n.n ;er is not we.1 ; c.t ; .: , !
'

. .: . :. .. c . .:a r y volt v..m-williamoto:'

i th t r.c e t ea uc to.-
vol t rac tor resistance.::o provice c.t least 20,000 ohac-per-Sel ect the appropris tocucio cnd then adjust
050 volta. the high voltasc to road t

.

o dj us tme n tDo not uco e VMuum-tub'e-type voltmeter for this
.:nless an c:tternal high voltagomuihipider probe is used.

,

,

i

Turn th e instrur. ant to X10. !

adjuctment control for proper roading. calibrated gamma field and vary the range calibraticnExpose the instrument to ai '
:

5.2 Specini Use Cc11bration: For special G
!

applicabions,
and 1200-volt G-H tubes. y be a.-M detectorthe power supply ma djusted for j

:
450-volt

co t the supply at Follow the abovoprocedure, oncept
the new operating |voltage.

.
4

.

For ceintilla tion counters, connect
,

3:: poco the unit the scintillator.( vol ta ge - vo r c us co un t-ra te plot.to a cource end develop an oporating\
Set tho oporvoltago ct .:he ficttoct portion of thic curvo;ating

,

precood tr cdjust ecch calibection control for then
;rci.:od ma cc.r ronding. th e

0.0 Calihroting CD:1 Scc 1c: To celibrate CPM scalo, c .

procicion puloc sonorator '

is required. .The culcogonorator
should be capable of providing a 40-mill'ivolt .

or gropter ne ga tive uith a rise ti no of1 micrococond and a pulcopulse .

width of 5 microsecondo.
Ccnnect

the pulse generator to the instrument and adjusttho pulse frequency to provide 4/5-scale deflection on ithe X10 range (40,000 CPM). Adjustcalibration potentiemeter as required. tl.a 210 range
.

Decrease the (*pulso frequency by one decade and move th e rango l'

'

multiplier switch to the XI position. Adj ust th e X1
rango cal.*.bration potentiometer ac required J4,000 CP!!) . {Decrocso the pulse frequency by another decade. |,

the rcnge multiplier to %0.1 cad adjust the es11brationHove i
potenticmeter as required (400 CPM) . |

i

!

=$ l
'

.

.
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}' 1DTE: I!EVI:n OTOliC THE INSTutil1E;3T OVCD 30 Dt.ys :::::!!'. |
t REMOVING DATTERIES. ALTUOUGU TUIS I!3STRU::S!!T U:'- |

OPERATE A.T VERY !!IGH AMDIENT TE !PERATunEc , ;;.T;;.*3

(
* SEAL FAILURE CAN OCCUR AT TC!PERATURES AS Lo!,' JJ 2 : ,'

!

!. DECnEES FAHRENHEIT. 11EGLECTED BATTERY CEAr. FAII. *T.
I WILL SURELY CAUSE OME AUFUL MESS!
' Inctrument maintenanco consists of kee?ing the inctrumen

clean and periodically checking tac bottories an. ,
calibration. Once initial calibration is perf or=ed,1.

rocalibration should not be required if the batterics art
maintainad in good condition.

,,

An instrument operational check should bo perfcrmed prior t:
occh use .by c::pesing the detector to a knoun courco :nd
confiz:ning a proper reading on each scaley

'
..

. ..

'Under certain' conditions, NRC requires instrucent
recalibration overy three months. Chect: th e aregulations to determine a recalibration schedule.ppropric o

C Also at th roo month intervals, the battoriec chould bc*

( removed and the battery contecas clocned cf 9y corre:1cn.
If the instru=ent has been c:: posed to very denty er corr:s r.

: Ot=csphoro, core frequent battery cervicing ch: 16 de urs d.
':

Uce : Opanner uronch to uncercu the ba tte ry ec., :::
1::c ula t o r s , c::posin g the internal cont: cts and br.ttery
oprings. Removing the hcndic will fccilitsto cecess to these
contacts.
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CAPACISORS
. . .
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'

C1 Part No.
C2 100PF, 35V, C
CO . 01NF, 5 0V, C 04-5532

-

,. C4 500PF, 500V, C 04-5523.

C$ .0047MP, 200V, P 04-5555
..

1

- '

C6 .01NF 50V, C ' 04-5513
.

.
.

22MP, ,20V, OST 04-5523C7-C8.

C9 100RF,10V, DST 04-5579-

C10 4.7NF, 10V, OST 04-5576' >

C11 .1MF,10V, C 04-5578
C12 4'. 7 N F , 2 0 V , O S T ' , . * 04-5521

-

s. .. 22NF, 207, T 04-5578
*.

.

C13 -'" "

C14 ' ' .01NF, 5 OV, C - -

.- 04-5579
-

*'

'C15 .1MF, 10V, C *04-5523
C16 100nF,10V, CST 04-5521 IIMF, 33v, OST 04-5576C17 iO

-

CIS .1MF, 10V, C 04-5575 '

C19 100PF, 3KV, OST 04-5521
C20 .005MF, 2RV, C 04-5532
C21-C20 .001MF, 3RV, C 04-3520
C24 .001MF, IKV, C 04-5510

,*

.01MF, SOV, C 04-5529 :

04-5523'

. ..s- , , . ,
* . '

.
,

, 04'

HPs653405-06 2N3877 05-5763
.

'

G7 MF56534 05-5758
i % 05-S763

N CIMMI55
' .

,

01 *

U2 CA3096 * -

CD4093 06-602303 '

CD4098 4. 06-6030 l *.
-

04
0546 CA3096. 06-6066 i

'

Ln358 05-6023
06-6024 j
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.

'

CRG-CR10 184148 07-6274 !

07-6272Call LN385 2-1.2 05-5808
.

* RASISTORS

R1 22R
'

10-7070R2 2.7R 10-702923 log
10-7016R4 470g

*

10-7026ns. -

1y. ,.

10-7028 :R6 12R .

10-704827 SAT 9 820K
*

10_706a.

R3 gg ,

3 10-7028'

29- 3,3g .

R10
~

SG0R 10-7013 '

10-7027'

'All- 200n,

10-7023-

R12 733
R13 in 10-7074

.

- .

O R14 |i,7n 10-7028 '

'

('/ R15 53g 10-7029
10-7022R17 33g
10~7019R10 ~~

R20 $yo 10-7009' '

ng; g,gg 10-7007.

10~1023.5 R22 ogy
10-7022E. R23 loog

'

.10-7023 .84 R28 220K 10-7066y R29 : 330 0811
'

10-7053R30 4703-

10-7026R31 73g
10-7074

,

R32 102 10-7016333 ISR 10-7017R34 200g Ig
12-7557R35~ 16.SR 14 12-7541R36' log
10-7016237- 1.5R 10-70G5R38 200 GBld

.

,.

10-7006i P39 10M ,,

? 10-7031"' - R40
--
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DS1 CHIMORPB 60690 21-9252 1
*

,

..

g. comuscron
.

. . . ... .

P1 SERIES "C" DG 706/D 13-7751
-

. '

S?!ITCBES
.

'

G1 CENTRALAB PA600-210 '.

: 08-6501S2 RESPONSE F/8 MST 105-D 08-6511
,

S3 ADDIO ON-OFF M37 305-D 08-6512S4 RESET 30-1 P/B 08-6517
-

.

.

O POTFRYIci!ETERS-

.

al SM LOCK POTENTIO!ETER 09 -67 E2R.2 500R LOCK POTENTIOMETER 09-675:? R3 50K LOCK POTEMTIOMETER 09-G773R4 100R LOCK POTENTIOMETER 00-67 C3
. .

EATT3a2 ,.

ST1-uT2 D" DURACELL BATTERY 21-9313
"

.

trimr=wr.r.anrunrrse
. .

MODEL 2 CESTING 7176-019-01i !!ODEL 2 BARNBSS 8176-021-00PCRTABLE HANDLE 8176-022-00.

PORTABLE METER
.

MODEL 2 BATTEPT BOX LID P, 40-1C05
7001-01 2-01UODEL*295 BATTERY. CONTACT SET 40-1707PORTABLE KMOB *

-

08-6613
ft
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S* Ludium 14en suromonts , Inc. warrants 'the products covered :n
7f .this Instruction (1anual to be free of defects dus' to workmanship,n mo torialc, and design f or a period of twelve months from da:e c'
% delivery, with tho- oxception of photo tubes and geiger ' tubes, -

d.; ubich are warranted defect froo to 90 days.
$ In ovant of instrument f ailure, notify Ludium Heanure:ents -
l.n Inc. for repair or replacement. Liability of this warranty is -

}4
limited to the purchase price of the instrument.

k: . .

!t

f nECEIVIEG COLIDITION EXAMIELTION:
\
h .. .

' .7 Do cure to verify that the -chipping carton is roccived 1..:

perfoculvisible. y good condition. For exemple, that no damago should be .
-

A'' Should the in trc=ent be reucived in c damaged conditic .,
Vk n to the chipping cent:inor and the packing material and rc.ees:

b cn immedicto - 2.nspecnica by the carrior.
| - Ludium ;on stro.nonts , Inc. 10 not responsible for the f. sp
|, uhich occurs during chipment but-will make ovary offort : ecl :
fi obtain ros-itutio:: from tr.c carrior.
9'

:t
P{
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1
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fi
[ ECTURS CF GOODS TO ICJJGFACTURER

< .

I If equipment needs to be returned to Ludium fleasuroments,
) Inc. for repair, ca li b r a ti o n., etc., please do so by the-

cppropriato method of shipment. All chipments should include
;) documentation containing shipping address, customer name and

tolephone number, and all other necessary information.
w .

vour cocporation ui21 expedito the return of your cquip ont.
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| 1. G D BAL -

,

. (,qe, = The Model 3 is a portable curvey instr'ument that ope ra tc.s e .
)j 5p.

-two. standard "Da cell flashlight batteries. The inser::.nen:
featurcs a regula ted high-voltago, power oupply adjus:ablei

from 400 to 1500 volts and providos-a 4-linear range f ro:"
, ,.
C

f,( 0-200 mR/hr>|'
$(, The unit body is made of cast aluminum, including the ceter
1, housing. The can ic 1/16 aluminum. Other operating features

'of the instrument include a unimorph cpeaker mounted to the
instrument can uith an audio OH-OFF capability, fast-slov ,

' , . meter response, motor remot button and a 6-position m: itch
: f or selecting ba ttery check or scale multiples' of X0.1, x1,
*

X10 and 2100. Cach range multiplier han l'ts own calibratica
f,.. potentiometer.

Any G-M probe of fered by the. company will operate on this
.

- | unit as well as many cLf the scintillater-type detectors. The
instrument is set f or 90 0-volt, C-M tube operation. Fc:.,

(!
specisi requiremonta, it may be adjusted for operation 'ith
any G-M or scintillator tube between 400 and 1500 volts.

' I

! The unit is operated with tuo facshlight batterio: fcr
; cporation from 150 0 to a p p r o ::im a t e l y 32 0 F. For

0 '

temperature operation to 0 F, oither very fresh alkalino'

battericc or rochargeable NiCd batteries may be use d.
Oattgry drain averagos 30 millicmpercs.

!

| 2. S:?ECIPICATICOS
i
J FO!7ER: two standard "D" size batteries.

FOUR LINCAR RANGCS: from 0 to'200 mR/hr; meter scale
presentation - O to 2 mR/hr with range multiples of X0.1, XI,
X10, X100; O to SH Counte-per-Minute option'

SCUSITIVITY: 40 millivolts, (+20mV, -16mV)

AUDIO: built-in unimorph speahor with an ON-OFF switch

DIGH VOLTAGE: externally adjustable from 400 to 1500 velta

RCSFOUSE: 5 or 25 coconde for 90% of final meter reading

?.IMCA327Y: pluc or rainus SB f ull ocale L ;;gy,. --.'
.
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CALI: NATION STADILITY: 1000 than 15% variancc to battery ondpoint -

!1ETEn: ImA, 2 1/2-inch scale, with pivot-and leuelsuspension

L COUNCCTOR: Seriac "C", 706 U/G; BNC or NHV may also be.[ provided
t

!: SI::E:
3.4 x 3.5 x 7.0 inches (H n N x L e::clus$ve of handle)

:

UEIGEC: 3.5 pounds loss dotector,

!

L FINISD: drawn-and-cast aluminum, with computer-bcigeL polyurothane enamel and silk-screened nomenclature'.|

.

3.
D3SC22PTION OF CSMTROLS' A5:D FUNCTIONS '

nonge Mul ti plier Solector Stritch is a G-pocition cui tch .ma rked OFF, ' BAT, X100,h- ::10, X1, 20.1. Turning the rangesclector switch-from OFF to DAT position provides the.

J. operator a battery chec!< of the inctrument.- A DAT chec::ect.a c on the motor providec a visual n0ana of checking thebottory etetus. Moving the ecnge co2crtor switch tc cnc of
the range multiplier positions (X0.1, 31, ::10, X100)
the operator uith ca overall range of 0-200 mR/hr (0-500K ifprovides -
the CPU scale is installed) .
the multipli,er for determining the actual reading. Multiply the scale reading by

ADDIO' ON-OFF Toggio Suitch in the CN position operates thotr.imor :h speaker
1ccated on the lef t side of the instrument.The frequency o,f

,

the clicks is relativo to the rato of theincoming pulsen The higher the rate is, the higher theaudio frequency The audio should be turned OFF when notrequired to reduce battery drain.
-

,

Fact-Slou Toggle Suitch providos meter response.;

!

Selectingthe."F" position of
final meter reading in 5 seconds.the toggle switch -provides .90% of the

1

. -|In "S" of i ithe finsi metor reading takes 11 seconds. position, 90%In "F" cocitionthere in fast; response and large meter deviation.~ 7n "S" !
L

,

l~ position thoro is a slou response and damped meter deviction. '!
'

~RCS Button,
| .the actor to cero.when deprescod, providen a rapid moano to drivo

O l l
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Uigh Volt 390 Adjuctment .providoc a ucans to vary the h.qh !

-
.

E voltage from 400 to 1500 volto. Tho high voltage cotting ::.ybe checked at the connector with an appropriato voltmeter.,

:C nango- Calibration 'Adjustmente are rococsod poten tiomo ters
[!v( located .on .line- uith occh multiplier position. These:a dj ustmen t controls allow individual calibration for erch.p range. mult$ ' lier.

f ,
'

4. OPERA 2'2I:C PSOCCDURES ' .

4.1 Slido the battery bo:: button to the rear. Open the lid
.

and install tuo "D" sico batteries. Note (+) (-- ) maruson the: insida of the lid. Match the batj;ery polarity to
.

these marks.

NOTE: Center poet of flachlight battery la positivo,
f10 !!OT TMIRT LTD BUmTOM - It slido2 to roar.

A Close the battery box lid.
U

4.2 Suitch the range suitch to BAT. The motor cuct;d
ceflect to the bcutory choc!: porticn of the noter ccr.12.
If th e motor does not respond, rochock that the
battarios havo prcpor polarity.

4 . "; Connect the cablo to the inctrument and detector.
4.4 Turn be instru=cnt rango nuitch to %200. E::poce th e

de tect or to a checl: ccurco. The apeaker should clic:<
with the AUDIO OH-OFF Cwitched to OM.

4.5 nove the range switch to the lower scales until a meter.\.
'

reading is indicated. The toggle switch labeled F-S
should have fast response in "F"and slow response in
"S".

4.0 Depress the RES cuitch. The mo tor should cero.
p 4.7 Proccod to use the instru=ent.
1
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- 5. CALIDRATICU

5.1 Detector Operating Points Adjuct the HV control - for
900 volts at tho instrument connector for G-M . detectors.

,

NOTE: If an electrostatic voltmotor is not available,
use an ordinary volt-ohm-milliameter with an
a ttenua tor to provide at least 20,000 ohms-per-
volt me ter resistance. Select the appropriate
scale end then adjust high voltage to read 850
vol ts.

.

Do not use a vacuum-tube-type voltmeter for this
adjustment unless an e::cernal high voltage
multiplier probe is used.

.) -

Turn the instrument to %200. Expose the instrument to a
calibrated gamma field and vary the range calibration
adjustment control for proper reading.

L

S.2 Special Oso Calibration: Por special G-U detector'. (qg- . a ppli ca ti cas , the power supply may be adjusted f or
450-volt and 1200-volt G-U tubes. Follow the abovo
p r C L' O d u r c i only set the supply at th e nCU oporating
voler.ga,

ror scintillation countars, connect the scintilla tor .
C:: peso the unit to a cource and develop an operating
voltage versus co un t-r a to plot. Set the operating
voltage a t th e fis ttes t portion of thic curvo; than
procacd to adjust each calibration control for th e
desired ceter reading.

.

S.3 Calibrating cpl! Scale: To calibrai:e the CPH scale, a is

l precision pulse generator is required. The pulse :
p generator should be capable of providing a 40-m1111 volt, |

or greater, negative pulse uith a rise time of 1 -

microsocond and a pulse width of 5 microseconds. !

IConnect the pulse generator to the instrument and adjust ;
| the pulse frequency to provide a 4/5-scale deflection on

||- the X100 range (400,000 CPM). Adjust the X100 range
|calibration potentiometer as required. Decrease th epulso f requency by decades and adjust occh rangecalibration potentiometer accordingly.

|'
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1, NOTE: 11EVEn STORE TUE INSTRU!!ENT.OVER 30 Dt.YS U :IY ,
REHOVIuG BATTERIES. ALTHOUG3 TUIS INSTRt:: :: :

OPERATE AT VERY DIGH AMBIE!!T TEMPERATUR ES , EA77[t' SEAL FAILURE CAN OCCUR AT TEMPERATUnSS .'.S L :. ,

ff 1000 F AH RE!1H EIT . HEGLECTED BATTEnY SEA; FA;'. .[<

.D WILL SURELY CAUSE ONE AWFUL 11ESS! .

kr
it. maintenance consists of keeping the instr =Instrument:- clean and pe riodically checking battories, and calibra .i'

Onco initini calibration is perf ormed, recalibratien sh:-
not be required if batteries are maintained in 5:
condition.-

.

An instrument operationni check shoulci be perf ormed prier,

;

occb use by exposing detector to a known source a
confirming proper reading on each scale.

'

'

Under certain conditions, NRC requires i n r t r- .::: '

n recalibrstion overy three months. Choch tho.cpp:rp:::
A J regulatieno to determino rec libration schocuir.'s

Also at throc nonth in te rvcic , . the bo ttorit:r . .. : .: l i
removed and the battery contacts clonned of =y ::, ::::,-
If the ' instrument has bocn c::pised to very dusty or .:::::::
sumosphoro, more frequent bettery servicing should *: tz: _ ..

-

Uce c coanner urench to unscrew the battery cont:
c:: osing internal contacts and battery spri.-

h.ndula tor s #cmoving the he.Edle vill facilitate access to those c::ntar:
4
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[ CIRCUIT BOARD, DRAWING 17G X 17
.

.

CAPACITORS-

C1 100PF, 3RV, .C
04-G53 2 I

,

C2 .01MF, 100V,' C 04-5523C3 470FF, 100V, C
'

04-5555: C4 . 0047MP, 200V, P 04-5513C5 .01MF, 100V, C 04-5523CG
_ 22MF, 15V, DT

04-5579C7-C8 100MF,10V, DST
.

,

04-5576CS 4.7MF,.10V, DT
. 04-5573CIO .1MF,100V, C t.; 04-5521C11. 4.7HF, 10V, DT

C12 22MF, 15V,-DT 04-5578
'04-5579C13 .01MF, 200V, C

'.C14-C15 100te,10V, DT 04-5523
C16 IMF, 35V, OST 04-5576

04-5575- - C17 .1HF, 2007, C_ O CIS'- O- 100PF, 3.W, C 04-5521
04-5532C19 .0027!!P, 3KV, C 04-5520C20 C23 .0015tF, 3m', C 04 5513-C24 .01117, _100V, C 04-5523C25- 470PF, 100V, C 04-5555

, s
,

emmeTORS
:; .

04 HPS6534
; 05-06 2113877 05-5763

05-5758i Q7 NPS6534n 05-5763
.

l'

mummianen CZECDIES
L 01 CA3096L U2 CD4093 06-6023.

\' 03 CD4098 . 06-6030
*

U4 CA3096 06-G066
'05-06 LM358 06-6023

06-6024:

|

.
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.t? .p |i'
w
. ; ;ozonss .i

;

CR1 ~ -1N34A 07-6253 -; -,

CR2-CR5 134007- 07-6274.
. ,*' v' CRG-CR10 1N414 8 07-5272- .1'

.k CR11 I.M3 05 , '1. 2V 05-5808 !- 1

-|i|1
w

N
o r t :..'

; R1 22R 10-7070 'I |'

R2 - 2.7M - 10-7029
3R3 10R- 10-7016 1

R4 470K 10-7026--

25 1M 5 10-7028- '|
-

-

E . ' . . . .R6 12R , 's, , ',,, 10-7048*
1...... ,,, ,,,,,,,s,,.

,,

:R7 1M- 10-7023- '-
.

*

RB 1H- 10-7028
R9- 3.3R 10-7013. -|-'R10 SGOR 10-7027- i'

R11 100R 10-7023-

'.
-

-

O R12 75R 10-7074
b; R13- IM 10-7028/

'~

~R14 2.7M 10-7029
R15 82R- '10-7022
R17- 32R 10-7019',

|: R20 270 10-7007 ';
R21.- 8.2K 10-7015 |

-
,

| R22' 82K 10-7022'
' *

R23 : 100R
R28 SAT

, 10-7023-

R29 330 OEM 10-7053
R31 75E 10-7074 ;-

.

I R32 10R 10-7016-

! R33 4.7% 10-7014 |

| - R34 - 100R 14 12-7557 I
R35 '16.5R le 12-7541 [.

l R36 10R- .10-7016
*

R37 1R 10-7009- .

{
R38 - 200 CBM 10-7006..'~
R39 10M 10-7031

,

R40 1H 10-7028 i,

R41 SAT (TYP.2.2R) 10-7012 i
'

. R51 75K . 10-7074'- RS2 1 GIG CEM 12-7686 '

'

RS8 4.7E ,,: , 10-7014
1

~ ;
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. TI ' L8050
T2 LVPa 40-0902-

40-0944*
.

1
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,

4? MTW.T.atstrrirnt
t r-

7 BACE
CLOVERLEAP RECEPTACLES 011-6809 18-87711 BACE
WALDON 16-06-0007 SMALL ABCRPTJCLE 18-0792l'BACE WALDON 16-06-0004 LARGE PIN 18-8795s
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'

i
-

BOARD #: gg7s_osy
.

'
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f CHASSIS IfIRING DI AGRAH, DRAWING NO.176 X 18-
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.

1- ADDIO PAR T :.I ,
>

l DS1 UNIMORPS 60690 22-523
'
:
%

i,
CODEECTOR

C" UG 70G/U 1:-775P1 SERIES ".

. -
.
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'A A. Radiation Safety Of ficer
V

'The Radiation Safety Officer

The RSO is responsible for the following:

1. McIntaining the radioactive material license in a
compliance- state,

,

1

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

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

4. De available to respond to any radiation emergency.

5. Reviewing all proposed procedures to insure that staff
personnel will not become unnecesarily exposed to
radiation. In addition, the RSO will insure that

>O maximum permissable concentrations in air and,

water are within acceptable limits.

L 6. Insuring that the following documents are properly
'

posted in the laboratory:
L

| a. Radioactive Material license and all
| supporting documents
L b. Appropriate state regulations or NRC Parts 19 and 20
| b Notice to Employees,
L d. Emergency Procedures +

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

8. Preparing any requests for license amendments.

9. Conducting a monthly physical inventory of all
radioactive material to insure that possession limits

are not exceeded.

_ _ . .~- ._ __ _ __ __
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B. Health Physics Surveys

L On a weekig basis, the RSO will conduct a rodlotion 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

2filter paper circles. For each test, a 100 cm area
will be wiped, and results determined by counting
Illters in the Model CTC-4 Beta 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

2.have beon established at 500 dpm per 100 cm
Contamination detected in excess of this level will |

be reported immediately to'the responsible user who will
insure that appropriate decomtamination is achieved.g

Q Follow-up reports will be submitted to the RSO accordingly.

A' standard pattern of W1pe tests will be performed

weekly in all areas of possible contamination, including
benchtop(s), floors, refrigerator door handle, water both
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.

,

O

;
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v) -C. Auth'orized 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:

1. Spill of-radioactive material

2. Suspected overexposure of personnel
3. Malfunctioning radiation detection equipment
4.. Contaminated shipment of radioactive material
S. Any other conditions that may result in unnecessary ,

radiation exposure.
,

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 monthly basis.

During normal working hours, carriers will be instructed
,

to deliver radioactive material packages directIg to
to the receiving department. There will be no af ter
hour deliveries.

'Incoming shipments will be examined visually, if the
shipment appears wet or damaged,-the RSO will be
notified immediately.

i
L The RSO will provide their office and home telephone

numbers for any authorized user, and the numbers
,

'

will be available in the laboratory.

L
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E. Procedure for Safely Opening Packagos Containing I
Radioactive Materials 1'

1. Gloves will be worn to prevent hand contamination'.

|

2. Packages will be visually inspected for any sign
of damage (i.e. wetness, crushed, etc) If damage is
noted, the procedure will be stopped and the RSO'

notified.

3. The external surf ace of the outer package will be
surveyed with the survey meter and the results
recorded. lf a surf ace exposure rate of greater than
10 m REN/hr is obtained, the procedure will be

! stopped and the RSO notified.

|- g 4. The outer package will be opened in a restricted area

| (j . in accordance with the manuf acturer'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 source container will be checked

| for breakage of seals or vials, loss of liquid, discoloration
of packing materials, etc. The possession limits will
be checked to insure they are not exceeded.

5. A wipe test will be performed on the outer surf ace of

L the final source container and results recorded. Contamin-
2

| ation in excess of 500 dpm per 100 cm will be reported

| to the RSO

t

6. Packing materials will be surveyed with the survey meteri

and results recorded before disposal.
;
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Q F. General Rules for the Safe Use of Radioactive Material
t/ _l

1. laboratory coats and other protective clothing will'be j
worn at all times in areas where radioactive materials

- are used.
2. Disposable gloves will be worn at all times while I

,

handling radioactive materials. I

3. There will be no eating, drinking, smoking or application )
of cosmetics in any area where radioactive materici
is used or stored. )

4. There will no storage of food, drink or personal effects |
with radioactive materials.

5.- Radioactive waste will be disposed of only in specially i

Idesignated receptacles.
6. No_ pipetting by mouth will be permitted.
7. Radioactive solutions will be confined in covered

containers, plainly identified and labelled with name
of compound, radionucleotide, date , activity-and
indication level . If applicable. :

'

|h 8. Radioactive materials will be locked when personnel
are not present.

,

'

9. Emergency notification home telephone numbers will
be' p9sted in the laboratory.
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G. Personnel 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
and the duration of each session will depend on the
extent of applicability to the emplogees invalved.

.The training program will be of sufficient scope
to insure that all personnel receive proper ;

instruction including:

1. Areas where radioactive materials are used or
stored. j

2. Potent hazards associaiad with radioactive materials.
.3. Radiological safety procedures appropriate to their

respective duties;
4. Pertinent regulations and terms of Radioactive |

Material License.
5. Rules and' regulations of the license.
6. Their obligation to report unsafe conditions.
7. Appropriate responses to emergencies or unsafe

conditions.
8. Their right to be informed of their radiation exposure. <

-9. Locations where the license is posted or made available
L notices and copies of pertinent licenses and license

conditions (including applicable correspondence)
,

Personnel will be properly instructed as follows:

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

2. During annual refresher training.
3. Whenever there is a significant change in duties,

regulations or in the terms of the license.

1 O
| v <
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7N H. Emergency Procedures
( ;

' c Radioactive Spillsi

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
its spread.

Ic. Disposable gloves and tongs will be used to clean
up the spill. The absorbent paper will be carefully
folded, inserted into a plastic bag and disposed of-in
the radioactive waste container. All other contaminated

-materials such as. disposable gloves will also be inserted
into the plastic bag,

d. The survey will be conducted using a low-range
thin-end window G-M survey meter . The area will o

around the spill, hands and clothing will be checked j

for contamination. |

e. The incident will be reported to the Radiation Safety
(]; Of ficer.

- f. Decontamination will be accomplished by scrubbing i

the spill areas with an industrial cleaner usihg
disposable towels until readings on the survey i

meter indicate background-levels have been achieved.
g. If the spill is on the skin, the area will be flushed ;

Ithoroughly and washed with mild soap and lukewarm
wa t er. I

;

;

i

i
i

t

I )

;



r; -1

1 O .O i
;

1

1

e
,

,

'-'(-

ADDENDUM F-
, ,

WASTE MANAGEMENT ~
,

[. -

i
,

t

1

O
.

I

!

L
:

1

!
1

.

1

!~

. .

:. s , . . - _ . _ . . . . - _ _ . _ _ _ . - - _ . _ - _ _ . - - . . . _ _ _ . - . _ _ . _ _ .



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

O O
l

I# Management will insure that the volume of waste is minimized
-to the lowest practical level.

Short-lived radioactive material will be stored for decay j-

until radioactive levels as measured in a low background I
area with a low-level surveg meter with all shielding l

removed, have reached background levels, to insure that
,

radiation-levels do not exceed natural background. All
radiation labels will be removed or obliterated and the l

weste will subsequently be disposed of in normal trash.

Liquid radioactive waste may be discharged into sanitary .

sewerage in accordance with the Regulations.
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: (FOR LFMS USE)-
: ' INFORMATION FROM LTS-

5ETWEEN. ..

..
:

' LICENSE FEE M AN AGEMENT . BR ANCHr- ARM : PROGRAM CODE: .....

AND- :. STATUS CODE:-3
REGIONAL' LICENSING SECTIONS : FEE CATEGORY: ________________

: EXP.-DATE: 0
: FEE COMMENTS: ______________ .
:::::::::::::::::::::::::::::::::

LICENSE FEE TRANSHITTAL
[

. A 'o REGION [
lo- -APPLICATION ATTACHED-

APPLIC ANT / LICE NSE E :' MICROBAC
'

RECEIVED DATE: 830706
00CKET-NO: 3030684-
CONTROL NO.: 109168
LICENSE NO.:
ACTION-TYPE: -NEW LICENSE

2o- . FEE' A TT ACHED -
' AMOUNT: _ D,8.Q.,
CHECK : ND. : .jl,Qd .,

,

=3o1 COMMENTS

SIGNED [[)__ _,,,,__________. ____..

oATe __;tsy>3_________________

-B.nLICENS E FEE M AN AGEMENT BRANCH (CHECK WHEN MILESTONE 03 IS ENTERED /"[Ti~

'1 . FEE C ATEGORY AND AMOUNT: _ _ _ _ _ _ . . , _ _ _ _ _ _ _ _ _ . , _ _ . _ _ _ , _ _ _. ..

1

2. CORRECT FEE. PAID. APPLIC ATION MAY BE PROCESSED FOR:
A M END HEN T - ... __________

RENEW AL
LT C EN S E ....$t...____. I

.._______

___

'3. 0THER ,
__,_______________________________

_________________________________

- _;. SIGNED '

y p ', e s-,,r . ~ ~

DATE _ _ _ _ _ _ _ _ _ _ _9I _q_i
. , , , . . , _ _ , ,, _ , , _ _ . , _ _ . , , , , ,

_g .. _________

i


