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9.

11A.

11B.

STORAGE QF SEALED SOURCES:

All radioisotope standards will be kept in a locked flame-proof cabinet.
This cabimtuinbestomdinacloeedroaninmrwmho:::{‘tm only
person haveing access to the room and the cabinet will be t R. Wilton,
Railation Safety Officer, Attached 1s a sketch of the proximity of the
storage cabinet to our laboratory facilities.

SURVEY INSTRUMENT CALIBRATION:

The calibration of the Ludlum Measurements Model 14C survey meter and
model 44-7 Geiger-Mueller probe will be conducted by Ludlum Measurements,
Inc. A two-point calibration on each scale 1s performed using a source
traceable to the National Bureau of Standards. Their license number is:
Texas State Health Department 4-1963,

COUNTING INSTRUMENT CALIBRATION:

There are two types of calibration that we perform on our instrumentation;
efficiency and performance. These calibrations are performed as follows:

PERFORMANCE: gas proportional counter

A sealed-disk source of Sr-90 or Cs-137 (beta-emitters) is placed

on the detector and counted for 2l-five minute intervals. The

counts per five minutes for all 21 counts is put to the Chi-square.
test and if the data 1s sound, a graph of counts per five minutes

vs. time (days) is plotted from the date of the test and decay
corrected to that date orvyear hence. If too many data points

are eliminated the 21 count test must be re-done. A dally check

for this test will be done and the results plotted on a an accompanying
graph.

EFFICIENCY CALIBRATION: gas proportional counter

To determine the counting efficiencies for alpha and beta using a
gas proportional counter, self absorption within a sample must

be determined. With varying weights and thicknesses or precipitates,
counting efficiency changes.

For determinationa of gross beta a series of tap water aliquots in

the range of 0-300 mg/liter 1s spiked with a known amount of Sr-90,
These aliquots are acidified with a few ml 16 N HNO, and evaporated

to 10-15 ml on a hot plate. 5ml portions of the ed solution
are quantitatively transferred to a tared stainless steel planchet and
evaporated to dryness. After drying for two hours at 105°C the planchet
is weighed and counted.

Americium-241 is the preferred standard for gross alpha calibrations.
Tap water aliquots in the 0-100 mg (residue) range are spiked with
standard Am-241 in the activity range of = 1000 cpm. The aliquots
are treated in the same manner as for gross beta determination and

a graph of:
24:.'”-1“

is drawn to correct the final calculation for % absorption.
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Efficiency calibration for the gas proportional counter will

be performed once a year provided the instrument does not need
to have the detector window replaced. In the event the detector
and/or window are damaged a new efficiency calibration will be
performed.

All radiocactive standards used will be obtained fram either the
National Bureau of Standards, EMSL-Las Vegas, or a 11
manufscturer such as Amersham and will be certified as to the
specific activity and the percent error of the activity,

EFFICIENCY CALIBRATION: radon-flask counter

For determination of the efficiency of a radon-flask counting
system a spike of 21000 cpm is added to a radon bubbler with
D.I. water. The bubbler is purged of radium daughters with
helium and after a predetermined period of Rn=222 ingrowth, the
radon daughter collected in an evacuated Lucas-type cell and
counted. The efficiency is determined as follows:

E%:tofspuexdn/gstandam
(mg)
The efficiency of the counter will be determined by the above
method for every 50 samples counted and if the instrument has
been repaired of P-M tube replaced.

The Ra-226 used in efficiency calibraticns will be obtained from the
National Bureau of Standards or the EMSL-Las Vegas and will
have certification regarding the specific activity.

PERSONNEL. MONITORING DEVICES:

Initially, persomnel monitoring will not be done since I, Grant
Wilton, personally will be the only handler and user of radionuclides.
When the time comes to take on additional personnel, TLD monitoring
will be utilized.

RADIATION PROTECTION PROGRAM:

The Radiation Protection Program for Radiation Measurements, Inc.,
covers the following areas:

A. Survey of Radionuclide standards upon receipt (see attached sheet).

B, Leak testing of sealed sources in excess of one microcurie-

C. Stoarge of Radionuclide standard solutions.

D. Use of specially marked glassware and apparratus in preparation
or spiked solutions.

E. Procedures for safe storage of wipes, disposable pipettes,
surgical gloves and tray liners used in standards preparation,
prior to disposal.

F. labeling of containers and posting signs warming of radioactivity
in use»
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G. IDNS Rules and Regulations
H. Procedures for the control of contamination for unsealed sources:

1.

3.

The survey instrument employed by Radiation Measurements, Inc.,
is manufactured by Ludlum Measurements, Inc., Model No. 14C

it is equipped with a Ludlum Measurements Model 44-7 end
window Geiger-Mueller probe,

Radioruclide sources will be kept in a locked, flameproof
cabinet in the warehouse. Monitoring of the area around the
cabinet will be performsd quarterly and will also be performed
when radionuclide sources are removed for use in the laborat wry.
The areas to be monitored include:

a. Radioisotope standards preparation areas

b. Radioisotope storage cabinet (internal and external) and

surrounding area.

Contamination of any sort is of course unhealthy and undersirable
but in an envirormental laboratory even slight contamination can
wreak havoc with discrimination between background and non-
background levels of radicactivity. At Radiation Measurements,
Inc,, decontamination will be done in the even/spillage occurs

or if apparatus in the radicactive standards preparation area

is suspected of cont tion. Action limits for decontamination
are set at 10 pei/100 em”,

The procedures for decontamination are as follows:

a. Survey of suspected areasP of contamination.,

b. If survey shows that action limits have been exceeded,

person conducting the decontamination shall:

1. Don disposable surgical gloves and disposable apron.

7. Spray suspected area with radiacwash and wipe up until
dry with disposable paper. towels «

3. Remove gloves and put on a clean unused pair-

4, Perform smear test by wiping suspected area with radio-
activity wipe test smears. Label each smear with area
fram which it came +

5. Count each smear in a proportional counter & record counts .

6. Repeal procedure until activity is under action limits

7. Dispose of gloves, aprons, towels, and smears in a waste
receptacle expressly marked and used to contain contamin-
ated materials,

8. Record time, date, and area of contamination and verify
that action limits are not exceeded during post-decontamina-
tion survey, This information #ill be recorded along
with the specific radioisotope(s) as well as the activity
of the contamination prior to clean-up. See attached log sheet,

¢. Emergency procedures for fire and theft or radioactive materials:

1. In case of fire, theft, or other casualty the IDNS will
be notified both by telephone and telegraph immediately
and a letter describing the event will be sent at the
earliest possible convenience.

d. Upon receipt of radioactive material a radioisotope identi-
fication form (see attached sheet) will be filled out and
filed along with the packing slip that accompanied the ship-

coNtrROLNO. 7 805 3
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I. Protective equipment used for handling radiocactive material:
1. Disposable surgical gloves
2. MAbsorbent bench top liners - white polyethylene foam
3. Plastic goggles

4. Disposable aprongs
5. Disposable paper towels
6. Respirator

J. Under no cirumstances will pipetting be done by mouth when radio-
isotopic standards are being prepared.

16. FORMAL TRAINING IN RADIATION SAFETY:

A. Principles and practices of radiation protection:
The sole purpose of Radiation Measurements, Inc., is to provide
selected radiochemical analyses for the determination of radio-
activity levels in envirormental and low-level activity samples.

Our laboratory facilites and equipment are in accordance with
guidelines set fo-th by the Illinois Department of Public Health
and all analytical, calibration, and quality control procedures
are followed with strict adherence to USEPA and USNRC regulations.
The recepit, handling, and storage of nuclear materials necessary
for calibration of counting instruments will be carried out as per
Illinois Department of Nuclear Safety guidelines,

Initially, as the sole analyst and employee of Radiation Measurements,
Inc., I will conduct all handling of the radionuclides described in
this application. At that point in time which academically-trained
persomnel are employed, they will be trained in radiation safety
and the safe handling and use of radionuclides, Wwhen lab personnel
mmmmmunumrwm-moyeem

the working envirorment. Also as sole analyst I will serve as
Radiation Protection Officer. In this capacity I will oversee the
implementation of a radiation safety program and will insure that
proper records of training, personnel monitoring and program
are kept.

B, Formal training was received at Teledyne Isotopes, Midwest Laboratories,
in Northbrook, Illinois, in 1981, The training program covered
theory and operation of isotope counting instrumentation and applied
radiation safety. Radiation safety instruction included the theory
and application of themoluminexcent dosimetry in
the laboratory envirorment, safe handling and record keeping of radio-
nuclides in the preparation of calibration standards, and movies/
discussion sessins on the physi~al aspects, measurement and terminology,
and the biological effects of radiation.

The supplement my training in radiation safety I have applied for
plenary membership in the Health Physics Society.

Isotope Counting Instruments
An alphascientillation detector consists of a photomultiplier



RADIATION MEASUREMENTS, INC.
. APPLICATION FOR EYPRODUCT MATERIAL LICENSE (INDUSTRIAL)
SUPPLEMENT - PAGE 5

tube and base in a light-tight cylinder, a high voltage source, and

a scaler/timer. When a photon hits the photamultiplier tube a voltage

pulse equal in amplitude to the energy of the photon is produced.

Through the applied voltage the pulse is amplified by each sucessive

dynode in the photamultiplier tube. If the pulse is above a predeter-

mined threshold set by the user, it is registered as a count by the scaler/

timer., By adjusting the threshold level and the amplifier gain you

can set the energy range for the isotope desired. The Lucas-type cells

used in radon de-emanation are coated with a zdnc-sulfide phosphor

that emits photons from interactions with alpha particles. The Lucas cell
the de-emanated radon daughters of Ra-226 1s placed in the

light-tight cylinder face-to-face with the P-M tube and is counted.

A gas filled proportional counter can count alpha and beta particles
and works in the following way:

Particles emitted from the sample planchet enter the methane

filled detector thru an ultra-thin mylar window. The particle
interacts with a gas molecule resulting in ionization of the gas.

The high voltage applied across the detector attracts the resulting
ions to positive and negative terminals where a voltage pulse is pro-
duced. This pulse is amplified and registered as a count by the scaler/
timer., The detector is surrounded by lead bricks to reduce background
radiation and is operated in anti-coincidence with a guard detector
Just above it inside the brick shieding. The guard detector is
operated in parallel to the main detector and functions to lower

the background counts by intercepting cosmic rays. If two pulses

are produced by the detectors within a pre-determined length of

time they are taken to be from an outside source and are disregarded
by the scaler/timer,

The spontaneous decay of unstable nuclei through the emission of
charged particles and electromagnectic radiation is random. But
even though it is randam every radioisotope decays at a certain rate.
The rate at which one element changes into another is an important
chu‘emuticofﬂ‘telmtmitisdescnbedinwmor
decay constant (A. )" or half-life (T). The decay constant ( A )
describes the decay rate of the specific element and half-life (T)
is the length of time required for half the element to change to

its daughter.

The basic relationship between the rate of decay and the rumber of
unstable atams is:

4N
¢ ° AV
This expression states that the decay rate in disintegrations

per second at any time equals the decay constant times the number of
atams of the material at that instant. The equation AN l
- N

mummmmdetulwulmhumm}
number of atams present at elapsed time (t): _ - At
e

N-No

g

= mumber of atoms at time zero
= number of atoms at a later time
= decay constant

= elapsed time

= base of the natural logarithm

- OUN%Z

1fic ivit
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D.

At time T = O, N=N_, toealculatelmlqgitwi‘lbebefon
one-hllfmuxeaubse

No

= -At
T Noe

¥ = e/t
2 = elt
In2s Inett
0.69= 2 T

Thus, knowing either the half-life or decay constant permits calculation
of the other.

To measure the amount of activity in a radiocactive source (the number

of disintegrations per second (dps) or nuclear transformations) the
curie is the unit most often used. The cule is that amount of radio-
activenterlalthttwﬂergoeethemmmrmumemormdim.
if we take the atomic weight of radium to be 226 (most stable isotopeh
ard from Avogadro's Leb that 1 mole of an leuntmstrave6.02x10

grams Ra 1 gram Ra
atoms in 1 gram radium

x = 2.6 x 102

To determine ghe number of disintegrations per second solve the equation:
o _0,1,_2_

T = the half-life of radium, 1.e. 1590 year, Convert 159C to seconds
1590 x 365 x 24 x 60 x 60 = 5 x 10

0.6

5—%! 010
Since -ﬁ—;— = ) N we have all the variables needed to determine the
disintegration rate of 1 gram of radium.

0.6 au 10
N-g—x-Iggc-— x 2.6 10 3.7 x 10

'nuehu'em3.7x101°d131megntiompersecan1nmemornd1m.
This mmber of disintegrations per secodn defines a radicactive source of
1 curde. It must be remebered that the curie does not define the type

of activity only the number of transformations per second.

maecoms

While the curie defines the activity of a radioactive source, the unit
rad and roentgen define the effect of the source of any object.

Irradiation of an object by x or gamma rays produces ionization of
atoms within the object. The roentgen is specifically defined as "tha
amount of x or gamma radiation that produces 1 esu of ion pairs in lem
of air under standard conditions". The drawbacks to the use of the
roentgen as a measurement unit are that the roentgen is defined only for
x and gamma radiation although alpha and beta particles also produce
ionization and that ionization 1s only an indirect measurement of the

quantity of radiation. While the roentgen is a measure of "exposure

gontroLNC. T 805 3
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dose" the rad is a measurement of "absorbed dose", The rad is defined

as: the energy absorption of 0,01 joules/kg. The rad is a more practical
unit than the roentgen in radiation measurement because it refers to total
energy absorbed in any material whereas the roentgen applies only to the
ionization of air. The rad also refers to any type of radiation; the
roentgen only to x and gamma rays. The rem (roentgen equivalent man) is
a useful unit in that it incorporates the bilological effect of radiation
into the measurement. One rem is defined as that amount of radiation of
any type that produces the same biological effect as is obtained from

1 rad of 200 kVp x-rays. For personnel monitoring, inspecting and leak
testing, and general contamination surveillance, mRem/hr is the most
coammon unit of measurement. The unique feature of the rem is that it

is capable of being used on all types of radiation. The units of
measurement described above are quantities only. Most often they

are expressed per unit time, mRem/hr, uRad/day, etc.

In the field of envirormental radioclogical monitoring the levels

of radiocactivity encountered are at the natural background level or
slgihtly above, Aqueous samples are most often measured in pCi/l1 and
solids as pCi/gr. cpm

Pl © mxc:: D x Fxov X B

cpm, = counts per minute sample

cpm, = counts per minute background

2.22 = conversion factor dpm/pCi

E = counter efficiency

D = decay factor (if applicable)

v sample volume or mass

R = chemical yleld or self absorption factor (if applicable)
B

= branching ratio (gamma only)
17. EXPERIENCE - RESUME OF GRANT R. WILTON

Education: Bachelor of Science in Water Science (1981)
Northern Michigan University
Marquette, Michigan

Work Exp.: Teledyne Isotopes, Midwest Laboratory (1981-1985)
Northbrook, Illinoi:

At Teledyne Isotopes I served in many capacities: radioisotope
counting room manager, chemical analyst, sample collector, and sample
preparator. As counting room manager my Jjob primarily consisted of
scheduling adn analyzing samples for gamma radiation. The Hewlett-
Pacard, Ortec, and Canberra multichannel analyzer system all utilized
Ge(Li) detectors and their calibration and maintenance were also my
responsibllity. Efficiency calibration was done using a mixed gamm
(Eu and Sb isotopes) source from the NBS, the mixed-gamma standard
was used for both solids and liquids for various geometrics., Thrice
weekly performance tests for quality control were performed on the
above instrumentation using a Cs-137 and Co-60 solid disk source.
Also in the isotope counting room were three Beckman-Wide beta

proportional counters for which I performed daily performance tests,
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My area of responsibility as a chemital analyst was primarily the
analysis of solids and aqueous solutions for Sr-89 and Sr-90/Y-90.
of the procedures used for Y-90 determination utilized Sr-85

a tracer in the solvent extraction of Y-90 from concentrated nitric
id. The activity of the tracer spike was on the order of 100
cpm per sample which was counted for gamma radiation to determine
Sr recovery. In addition to performing the Sr analysis I also was
trained in the analysis of Ra-226 by the radon de-emanation method
and analysis of Ra=-228 by proportional counting of the short lived
actinium daughter. I also learned the procedures for gross alpha
and beta determination and various sample preparation methods.

Aside from the above mentioned responsibilities, I also conducted

monthly envirormental sampling at the Kewaunee Nuclear Power Plant in
Kewaunee, Wisconsin., Milk, water, vegetation, soll, and aquatic

biota, were collected on a monthly or quarterly basis as per NRS guidelines.
My responsibility was the collection of an analyzable amount of sample,
maintenance of the collection schedule, and collection of split

samples for the Wisconsin Department of Public Health, Last, but

not least, I was a troubleshooter for all the instruments when they
malfunctioned.
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