MAR 2 5 1387

Advanced Medical Systems, Inc.

ATTN: S. S. Stein, Ph.D.
President

121 North Eagle Street

Geneva, OH 041

Gentlemen:
SUBJECT: NRC LICENSE NUMBER 34-19089-01

As stated in a letter dated October 23, 1986, the NRC decided not to act upon
your request for renewal until resolution of the October 10, 1986 Order
suspending ¥our seivice operations. Instead your request was considered as

a timely filed renewal. Based upon NRC letter dated February 2, 1987, relaxing
the above Urder, it is now appropriate to proceed with the renewal of your
license. In order to complete our review of your application for renewal, we
neec the following information:

1. Training Program

Submit a finalized version of the training pro?ram to be used for the
training of service engineers, isotope technicians and isotope handlers. The
program attached to AMS letter dated Januarg 23, 1987, is stamped "under
revision." You also indicate "we have not been able to generate the ma*or
revisions that are called out" [by AMS consultant RAD Service, Inc.]. To avoid
confusion and conflict between statements and representations, we request a
complete resubmission which clearly indicates that it supersedes previously
submitted training information.

As discussed with Mr. T. J. Hebert on March 11, 1987, we have reviewed your
training revision and request that you address the items listed below in the
preparation of your "finalized" training program.

‘a. Specify the time allotted for each Laboratory Experiment.

b. Revise trainin? summary sheets so they are correlated to your
new course syllabus and training program.

.c. Describe in greater detail which parts of your program use
audio/visual presentations and which parts use live instruction.
Include the titles and descriptions of each audio/visual
presentation and the length of each presentation. Before final
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approval of your program, it will be necessary for NRC representative(s)
to review a live presentation of your training program. In your
response indicate how you wish to schedule the above presentation,

i.e., do you wish to incorporate the NRC presence with actual student
instruction or provide a presentation only for the NRC.

Provide the names and credentials for each individual used as an
instructor. Indicate what segment of training each instructor will
be responsible for presenting. Confirm that you will amend your
license whenever you wish to change instructors.

Submit a copy of the device (e.g., certificate, pocket I.D. card)
¢r0v1ded to individuals who have completed your training program.

he certificate and/or I.D. card must specify the level of license
authorization granted to the individual. For example, the
certificate, and/or card for your service engineers should indicate
the manufacturer's name and model number for each teletheragy unit
and the specific services they are authorized to perform. It should
indicate the date of authorization and reference pertinent NRC or
Agreement State license number(s).

Describe AMS's policy for the presentation of and maintenance of
examinations. The NRC expects that answers and copies of
examinations are not given to students before testing. If copies

of tests 2-e given to the student after examination, confirm that the
format ard questions are changed before the next test covering the
same material. Assure that revised tests will be at least equivalent
to previ.ous examinatiens.

2. Waste Disposa

a.

Submit scientific and if necessary actual analytical documentation
which demonstrates that cobalt-60 contained in liquid wastes released
into the sanitary sewer from your London Road facility is

dispersible in water. Section 20.303(a) of Title 10 of the Code of
Federal Regulations states that "No licensee shall discharge

licensed material into a sanitary system unless, (a) it is readily
soluble or dispersible in water." Review of chemistry reference
literature indicates that cobalt-60 is not soluble in water.

In previous liquid effluent releases from your facility, you

used total annual water consumption as a basis for comparing the
average concentration of cobalt-60 released with the concentration
Timit (uCi/m1) specified in Appendix B, Table I, Column 2 of Part 20.
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However, your actual quarterlﬁ water consumption was not steady
throughout the entire year. During quarters when water consumption
was low, your released concentration would exceed Part 20 limits if
you used quarterly consumption as a basis for calculating releases.
Consequently, please modifg your procedures for calculating
concentrations of cobalt-60 to be released based upon actual
quarterly water consumption instead of annual consumption. In
addition, please describe a program for monitoring for any suspected
concentration of the cobalt-60 downstream from the point of release.

¢. Provide detziled information which identifies all current liquid
discharge pathways and all liquid waste hold-up tanks. Review of
license information and inspection findings indicate modifications
have occurred. Confirm also that there will be no future changes to
your li?uid waste disposal system without prior license amendment
approval.

d. Describe sample collection and aralysis procedures. Your monitoring
program must account for analysis of all liquid waste discharges.
Although ISP-12 describes use of a sample batch tai.. it is not clear
if this system is still utilized as previously described and if it is
representative for all liquid wastes generated at and disposed from
your facility.

3. Radiation Safety Management Program

a. Describe the administrative procedures and duties to be used in the
management of your radiation safety programs, i.e., teletherapy
service and radioactive source manufacturing. The program described
in Attachment G ATC Medical Group Management Plan to letter dated
Januarv 23, 1987, 1s generally acceptable, hcwever, it should be
expanded to cover your sealed source manufacturing operations.

b. Describe your internal and external audit program. The audit
program described in Attachment M Audit System For ATC Medical Group
to letter dated January 23, 1987 is generally acceptabTe, however,
your description should be modified to include internal and external
audits for your London Road manufacturing operation.

c. Submit a copy of your consultant's audit findings as required by
the October 23, 1986 Order.

As requested by Mr. Hebert, we are willing to meet with your staff to discuss
your response to the above. Please contact me to schedule a date for the
meeting.
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We request that %ou respond to the above within 30 days in duplicate and efer
to Mail Control No. 82095. Should you have any questions, you may contact me
at (312) 790-5625.

Sincerely,

Original Signed By
George M. McCinn
Materials Licansing Section

RIII RIII NMSS 0GC

McCann/pd Mallett Hickey Lewis
3/ /87 3/ /87 3/ /87 3/ /81



ACADEMIC

TAB

]

PRACTICAL

TAB
TAB
TAB
TAB

TAB

wn

o

oc

AMS TRAINING PROGRAM

General Policy Statements
Instructors
Basic Radiation Safety Training Manual

Supplemental Radiation Safety Manual

Class 2 Service Engineer Program
Class 1 Service Engineer Program
Isotope Technician Program

[sotope Handler Program

Ancillary Personnel Program




ACADEMIC

TAB

TAB

TAB

|

2
3

PRACTICAL

TAB
TAB
TAB
TAB
TAB

TAB

.
5
b
7
8

Y

AMS TRAINING PRUGRAM

beneral Policy Statements
Instructors
Basic Radiation Safety Training Manual

Supplemental Radiation Safetv ’anual

Class 2 Service Enygineer Program
Class 1 Service Engineer Program
[sotope Technician Program
[sotope Handler Proyram
Ancillary Personnel Program

Annual Refresher Tra1n1nd

Revised August 1987

/s



EXAMINATION POLICY

Copies of exmainations, quizzes, and answers will not be distributed
to students prior to test.

After the exams are graded, they may be redistributed to the
students for review; however, the exams will be collected and all copies
retained by AMS for documentation purposes in the individual's C.V. files,

If retesting of a student is required, the format and questions

will be altered before the next test., Revised tests will be at least
equivalent to previous examinations,

TEXTS

The primary text utilized in the Basic Radiation Safety course is
found after TAB 2, This text will be supplemental with the manual
found after TAB 3,




AUDIO/VISUAL PRESENTATIONS

AMS intends to videotape all classroom and laboratory presentations,
if possible, These videotapes may be edited and utilized for student
review and refresher training, They are not intended to be used as
primary training sessions,






INSTRUCTORS

The training program outlines, which a2 e part of this manual, refer

to instructors by job title or classification,

The present qualified

individuals who will be utilized as instructors are listed below by job
title or classification, The credentials of these individuals follow:

Health Physicist

Raidation Safety Officer
Engineering/Production Manager
Isotope Handler

Qualified Service Engineer
Qualified Service Engineer
Assembly Supervisor

Rodney Johnson
Howard Irwin

Ed Svigel
William Turbett
James Cochran
Keith Jordan
Clyde Hess




Services Inc.

Experience

12.'35-Present

8/83-12/

Education

College

Rodney C. Johnson

Health Physicist

Health Paveicist. Licensing and Compliance Group RAD Services
Inc Responsible for providing consulting services to radioactive
material and diagnostic imaging device users These services
iaclude, but are not limited to

Licensing Assistance

. Health Phvsics Program Evaluation
Radwaste Program Evaluation
Traasportation Program Evaluation
Radiation Protection Training

- Survey [astrumentation Services

- Leak Testing of Seaied Sources

- I-ravSvsiem [nspections
Procedure Writing

lncident lavestigation/Eaforcement Mitigation
Program Support

[aformation Management

Assistant Radiatioa Safety Officer with East Carolina University
Responsibulities iacluded iaspeciion aand moaitoring of
equipment apd associated work areas utilizing radioactive
materials and radiation emiiting devices radioactive material
inventory and waste management. iacinerator operation and ash
analysis bioassy program: incident review and analysis
information management and traiaing of radiation workers

Self-emploved outside the radiation protection field

U S Naval Nuclear Power Program Served on a nuclear powered
submarine and a mechanical operator and leading Eaginesring
Laboratory Technician

BS Applied Physics (Medical Physics option) East Carolina
University

AS Applied Science Lenoir Community College



11 § VavvSchools - Basic Engineering School
- Nuclear Power Schooi
- Nuclear Power Training Unit
-Engineering Laboratory Techniciaa Schuol

Honors

Honor Societv of Phi Zapp2 Phi. Elected 1984

Proiessional Affiliations

Plenary Member of the Heatil Physics Society

Midwest "bapter Health Physics Society Member

North Carolina Chapter Health Physics Society Member
National Registry of Radiation Protection Technologists

References vid <



DATE: January, 1987

CV For Edward L. Svigel
Eungineer Manager
Advanced Medical Systems, Inc.
121 North Eagle Street
Geneva, Ohio 44041

I. Primary Function: To manage and supervise Engineering and related
departments. Mechanicali and electrical design of medical equipment
to include R & D, test and evaluation, Quality Control and GMP com=
pliar.e.

II. Organizational Relationship-®

A, Reports to: General Manager

B. Manages: R & D, Manufacturing Department, Quality Control De-
partment and draftsman

C. Works with Isotope Department, Service Department, Purchasing
Department and Materials Control

IITI. Edvcation:
A. B.M.E. - Gannon Ccllege - 1970
B. Commun: .ation, Electronics Staff Cfficers School - 1971

IV. Employu.at History:

Diamond Shamrock 1963-1965 Drafting

True-Temper - Central Engineeri~g 1970-1976 Research EnginggAY 1 & m
U.S. Army Signal Corps 1971-1973 Signal Officer -
True-Temper Corporation 1976-1977 Plant Engineer

Gould/Engine Parts Division 1978-1982 Machine Design Engineer
Advanced Medical Systems 1982-Present Engineering Manager

V. Previous Experience:

A, Design and devzlopment of fiberglass hammer handles, tennis racquets.
B. Design and development of automatic golf shaft straightening mcchine.
C. Project engineer for install: . .on of Reverse Osmosis System.

D. Energy Conservation Engineer and Coordinator.

E. Supervisor of plant draftsmen and Quality Control technicians.

F. Supervision of Army Battalion Communications Radio Relay Section.

(=}

Deputy Chief of Ft. Bliss Education Television Division = US Army.



CV For E.L. Svigel ~2- January, 1987

V. ‘Previous Experience (Continued):

H. Project Engineer for pu.:hase and installation of Carbon Absorp-
tion unit.

I. Designed, specified and purchased plating room equipmert,

J. Supervised and coordinated rebuilds of elevator plating machines.
K. Designed special tools for use in areas of high radiation.

L. Supervised and coordinated GMP program on medical equipment.

M. Coordinated and manrged capital equipment purchases and moves.

N. Supervised the construction of 34 Cobalt units and 2 simulators,

0. Initiated ECO procedure per Title 21 and AMS Q.C./GMP program.






CV for H.R. Irwin -2= January, 1987

‘ V. Previous Experierce (Continued):

N.

N O W e
« ® e ® o * =

Preparation of license applications and amendments.
Preparation of state and local permit applications.

Preparation of medical device registrations and transportation
package applications and amendments.

Submission of annual reports to FDA, NRC, etc.

Responsible for radiation safety program (RSO) including major
revisions to program content (documents, manuals, procedures,
instrumentation).

Auditing of records required to be maintained by company.

Training of personnel involved with radiocactive materials and
radiation areas.

Managiag London Road Isotope operation including scheduling of
activities, perso~nel assignments, reauisition and procurement
of supplies, etc.

Supervision and participation in specific activities related to
the Isotope facility including:

Packaging and shipment ot radiocactive waste

Hot cell entries

Decontamination of equipment and building areas

Hot cell window replacement

Assay of liquid waste and disposal to sanitary sewer
Source fabrication and transfer

Use of computer analysis source and survey data

Responsible for facility management (330,000 s.f.) including
building improvements, modifications - Coordination of top
management decisions with plant engineer, maintenance personnel
and outside contractors.

Capital asset management including procurements and disposal of
capital equipment used in manufacturing op rations. Coordination
with company financial department and insurance carriers.,

Project engineer on start up of new product manufacture. Respon-
sible for scheduling entire cstart up project and managing engineer-
ing, facility and capital equipment phases of project.

Preparation of appraisal reports for insurance, condemnations,
estate, acquisition purposes, courtroom ¢xperience as expert
witness.

Qual zy Control technician in testing lalcratory. Documentation
of results for audits by customers.



Statement of Training and Experiences

William Turbett

Personal: Born: September 23, 1950
Social Security Number: 282-46-787]

Education: High School

Lorain County Community College - 1 year

Control Data Institue - 1 year course in electronics theory
and instrumentation

Advanced Medical Systems formal training course for [sotope
Technician - May 1986

Advanced Medical Systems formal training course for [sotope
Handlers - September 1986

Experience: Employed by Advanced Medical Systems at London Road facility
since September 1985

Qualifications as an Isotope Technician were submitted to the USNRC in
Part 2 of our letter dated July 23, 1986, NRC Approval 10-23-86,

Under the job classifications of Isotope Handler, Mr, Turbett has com-
pleted the training and instruction requirements as summarized on the follow-
ing pages. The instructors as indicated in the initials column are as follows:

DM - Darwin Murray JC - James Cochran
WE - William Evans HI - Howrard Irwin
AP - Art Parsons PT - Paul Tomlin

During the course of this period, Mr, Turbett has:

a) fabricated and processed Six sources

b) performed at least 20 source transfers

nacked and unpacked at least 10 srhipping containers
packaged solid waste for disposal

disposed of liquid waste

performed maintenance on hot cell equipmient including mani-
pultors, source welders, cell lathe, HEPA filter system,
[sotope Shop source transfer equipment,

- @® QO
e S

Mr. Turbett was approved as an [sotope Handler by the USNRC on December
15, 1986, Licensee Amendment 11, Currently, Mc, Turbett has completed the
restrictions indicated in this amendment ana is qualified to instruct trainees
for the [sotope Hand!ing position,

Mr, Turbett completed in April 1987 the enclosed 24 hour academic course
(Basic Radiation Safety), an annual refresher academic achievement.

MAY 1L 1L
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DATE: FEBRUARY 4, 1987
CV FOR CLYDE HESS
IN-PLANT MECHANICAL ASSEMBLY
ADVANCED MEDICAL SYSTEMS
121 NORTH EAGLE STREET
GENEVA, OH 44041

Primary Function: To build and assemble Cobalt machines, C-4, C-8,
C-9, vertical unit and therapy tables of same units. Also te build
sub-assemblies that go into the machines.

Organization Relationship

A. Reports to Production Manager
Education
Riverside High School - Painesville, OH

Night School in 1979 for Diploma
Madison, OH

Employment History

Aug. 1980 - Present Advanced Medical Systems, Inc, - Geneva, OH
In-Plant Mechanical Assembly

Previous Experience

1983 - 1984 Advanced Medical Systems, Inc. - Geneva, OH
Mechanical Assembly

IRC Fibers - Painesville, OH; Duties as Maintenance Millwright Mechanic
included installing of new equipment and to rebuild old equipment.

——

o e et e DU & e s e g —— ——— p————— ——



Statement of Training and Experience

Keith Jordan

Personal :

Social Security:

Education:

Experience:

Born September 18, 1958
Married

279-64-5492

High School - General Electronics

Ohio Institute of Technoloygy, 2 years
Graduated 1981 - Major: Electronics

Advanced Medical Systems formal training
course for field service, July 1985

Advanced Medical Systems formal training
course for source exchange, July 1985

Employed by AMS since August 1984
Involved in manufacture and service of Therapy
Simulators an teletherapy equipment

Radiatior Industry Experience:

Mr. Jordan has been involved in the manu=-
facture, test and service of Therapy Simulators
since 1984, This work has involved working with
x-rays in both test cells and at customer sites.
Since early 1985, he has also been involved in
service work on teletherapy equipment. This
work includes participation in at least 4 machine
installations, 4 machine removals, 12 preventive
maintenance procedures, 10 unit checkouts, 6 iso-
center adjustments, 4 shipping container procedures
4 collimator removal and installations. In Jjune
1985, he was approved as a Service Engineer 'y the
Isotope committee,

Under the supervision of Darwin Murray, he has
performed 4 source exchanges and 3 Five. Year
Inspections at customer sites., He is experienced
in the packing and unpacking of the source ex-
change shipping container,

Mr, Jrraar, has been approver by the USMC as an
01 Level Service Engineer since January 1986 and
is listed on the AMS License,



Statement of Training and Experience

James Cochran

Personal: Born February 28, 1957
Married, children

Social Security: 233-94-3094

Education: High School

Advanced Medical Systems formal training course for
field service, October 1982

Advanced Medical Systems formal training course for
source exchanges, January 1986

Experience: Employed by AMS since March 1982
Involved in the manufacture, packaying
and shipping of AMS teletherapy equipment
since 1382

Radiation Industry Experience:

Mr, Cochran was qualified as a Service Engineer by
the Isotope Committee in April 1984, Since that
time, he has performed at least 5 mechine installations,
15-20 machine removals, 12 collimator removal and installa-
tions, 30 preventive maintenance procedures, isocenter
adjustments and unit checkouts, 20 shipping container
procedrires, :

Under the supervision of Glenn Sibert or Darwin Murray,
he has performed 4 source exchanges and five-year
inspections at customer sites. He is experienced in the
preparation of the source exchange shipping container,

At tne London Road Isotope facility, Mr, Cochran has
been ir/olved in sucn activities and waste processiiy,
hot cell entry, receiving and shipping radioactive
material,

Mr. Cochran was approved by the USNRC at the O] Service
en,inear Leve! since March 1986 and is listed on the AMS
License,
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Services IncC.

1%,

RADIATION SAFETY TRAINING
FOR

ADVANCED MEDICAL SYSTEMS PERSONNEL

Basic Radiation Physics

Atomic and Nuclear Structure
Ionization - Isotanpes
Radiocactivity

Decay Process

Types of Emissions

Half-Lite

Curie

Decay Formula - Use of Decay Tables

Prop< ‘'tiees of Alpha, Beta Particles, GCamaa Rays,
Neutrons

Interact . n of Radiation with Matter

Radiation L.sime’ry

Decdinition of Terwms (Roentgen, RAD, REN)
Exposure Rate - Dose Rate

Specilic Gamma-Ray Constant

Inverse Square Law

Ca'c.lations

Background Radiation
Ctaracteristizss of Co-60 and Cs-137 Sealed Sources

Biological Effects of Radiation

Cells and Radiosensitivity
Somatic Effects

Arut2 Exposures
Chr=onic Exposures

Genetic Effects
Factors iAffecting Biological Damage
Case Histories

I-rays,

and



e

III.

IV,

Radiation Detection
Principles

Ionization Method
Scintillation Method
Thermoluminescence
Photographic Film Dosimetry

Instrumentation

GM Survey Meters
Pocket Dosimeters
‘LDs/Film Badges
Detectors Used at AMS

Instrument Calibration
GM Saturation

Radiation Protection Standards

History

Regulatory Agencies

NRC License

10 CFR Parts 19, 20, and 30
Regulatory Guides

ANSI Standards

Exposure Guides

Biocassay Program

Radiation Protection
Principles of Radiation Safety

ALARA Principle

Time, Distance, Shielding
Personnel Monitoring
Radiation Heasur2ments
Instrument Calibrations
Required Postings
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Receiving, Handling, Storage of Sealed Sources
Source Installation

Routine Use of Source in Device
Leak Testing Sealed Sources
Source Exchange

Source Inventory/Accountability
Packaging and Shipping Sources
Emergency Procedures

Stay Time Calculation

Shielding Calculation

Activity Calcuiations

Hands on Activities

Each of the following procedures w®ill be demonstrated by the
instructor, In turn, each participant will be required to
demonstrate their ability to perform the procedure properly:

Leak Testing Sealed Sources

Packaging Sealed Sources for Shipment

Use of a Survey Meter Including Care and Calibration
Air Monitoring

Contamination Monitoring



RELATIVE STRENGTHS UF

FORCES IN NATURE

Nuclear Force

Electromagnetic Force

sUeak Force

Gravitationa)

sweak force - an interactive force between
the constituents of beta decay

Force = mass > acceleration

Work or Energy "ability to do work" = force x distance

An electron in orbit around the nucleu:s has
potential enerqy due to heing immersed in an
electric fi1eld (the positive protons in the
nucleus and the negative electrons in the
electror orbites). It also has Kinetic energy
because it is moving (has velocity). The total
energy which holds the electnon (n orbit is

the binding enerqy. To remove an electron

from an atom, you must give it enough energy
(work) to overcome i1ts binding enerqy.




' BOHR'S ATOMIC MODEL

M Shell Electron
L Shell /\
(@7

Nucleus
K Shell Cj/ -12
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1 inch = 2.54 ¢m

10°* ¢m = .0000000! cm
= 1 inch
250,000,000
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CURRENT CGNVENTION
FOR

ELEMENTAL NOTATION

Where! X = chemica)l symbol

Ex: Co = Cobalt
Cs = Cesium

~N
"

atomic number
= number of pratons and

number of electrons for
neutral atoms (net charge = 0)

Ex: $9%¢o
27

27 protons and 27 electrons

A = atomiC mase

number of protons and neutrons (nucleons)
in the nucleus

Accordingly,

A ~ 2 = number of neutrons in the nucleus

Ex: il
27

60 nucleons (neutrons and protens)

A =2 = 60 =27 = 33 neutrons
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CHART OF NUCLIDES

Proton number, 2

A plot of neutron number N versus proton 2 for al)
al)l known nuclei, stable and unstable., A curve
through the stable nucle, starts with N/2 1 for
low=A nuclei and reaches a value of N/2 - 1.6 for
high=A nuclei.
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RADIOACTIVITY

The Curie = A meagure of radiocactivity equivalent to 37 bdillien
disintegrations per second. (Ci)

one thousandth of a curie

1 millicurie (mCi)

1 microcurie (uCi) = one millionth of & curie

The Becquere! - A measure of radioactivity egquivalent ts
disintegration per second. (Bq)

Unit Conversions

‘I’ Factor Prefix Symbol
sETiviTY ACTivir e
10" exa E
R A h AL DR I L ey R RN L T T i
LNNeeanetel ¢ | SRy ¢ 1) Sukllews vee ] .':10 LI | ff 0 |1.:.“-.~10I0 lo“ "" P
Sovinacawatel ¢ | ABa ¢ 1) miereewd e | ohiliawe s LML f )T senebetawersie [0 tera T
LRRE 2L L AL T SR L I - R Y . UL L R e

e S I piemensies R TN L3 ] :\ o vn:t.:: lo. LL‘ L] G
10* me M

0% kilg k

10* hecto h
10! dexa da

0= deci d

10~ centi ¢

102 malli m

lO:‘ micro “

10-* nano n

Q=1 pico p

1Q=1 femto f

10=1e atto a

Advanced Medical Systeas

Device Nominal Activity: ______ Ci



RADIOACTIVE DECAY

Atsttiar X @ sHhE

Aring

A = activity

S b . 693
half=life

t = decay period

e = base for natural log
= 2.71828 . .
logex = vy
e’ = x

for *°Co, the half-life (t;,2) = 5.3 years

Example: What 1s the activity of a S000 curie (Ct.)
*9Co sealed source after 15.9 years?

YT S000Ci. x e-t..'J/Q.J rears x 13,3 rvearns)

S000Ci. x e“2-97°

S000Ci. x .12S

625 Ci.



UNIVERSAL DECAY TABLE (REF S)

The acéonoanylnq table can be used to determine the fraction of
activity remaining of any radionuclide, from 0.001 half-life to
1.00 half-iife. To use the table complete the following:

Divide elapsed time by the known physical half-life of the
radionuclide under consideration (t = Ty,2).
NOTE: the =aame time unit muet be used in each instance,

2 Use this answer (to three significant figures) in locating
the percent of original activity remaining. The first
two significant figqures are listed on the vertical column
at the left of the table! the third significant figure is
listed on the horizontal acroes the tope of the table.

. Multiply original activity by this percentage figure to
obtain amount remaining.

Example: What is the strength of a 10 mCi *3']

source after 2 days?

> t + Tyv2a =22+ 8.1 = 0.247
& Fraction remaining from decay table = 0.84245

. 10 mCi x 0.84265 = 8.43 mCi
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Acticity remaining for | + Tyq from 0 to 1.00

000 .00} .02 .00) 004 008 - .008 007 008 009
(100000 99801 98861 .99T92 99723 9654 0BSAS  G8S16 99447 99078
| 95308 99240 99172 99103 .90G04 98968 98807 98829 98760 98662
| 98623  98SSS 98487 98418 98350 98282 08214 .88145 98078 98010
| 97942 97874 97806 97739 97671 97603 97536 .9746° 97400 9733
97285 97188 97131 97063 96006 96920 96862 967, 96728 96661
96534 96527 06460 96353 96328 06250 06183 96126 96050 95993
35926 98860 O5794 95727 85661 .GS585 98528 95461 95096 95330
95264 95158 95132 95066 95000  O4G34 .94868 64800  MTIT 94671
G406 G450 OH4TS 94400 04344 04278 94213 94148 54083 94017
33352 63887 93822 93757 3602  .G3627 93562 Q458 93430 93368
91307 93239 93174 83108 .8304S 92980 92916 92852 92787 92723
92859 92585 92530 92466 92402 92338 92274 92210 92U46 92083
92019 91955 91891 91828 91764 .91700 91637 91873  9ISI0 91447
91383 91320 91257 91193 91130 91067 .9l004 90941 90878  908IS
90752 90689 90626 90563 90501  .90438 .9037S 90313 90250 90188
90125 90063 00000 59938 89876 89813 89751  .89639 89627 89565
39507 89440 89379 89517 89255 89180 89131 89069 89008 88946
2888 88827 88761 38700 88638 88577 .B851S 88454 8339 8832
88270 88209 88148 88087 88026 87965 87904 87843 87782 8772
87661 87600 87538 87478 87418 87387 87297 87236 87178 87115
47085 86995 86334 86874 86814 86754 86604 86834 88574 86514
36454 86304 86334 86274 86214  .861SS 86085 86035 85076 85916
s 85797 85738 85678 85619  .8SSS9 85500 85441 85382 85323

85067 85204 85145 85086 85027 84068 84910 84851 84792 847
SI675  B4BLH  B4S57 84499 84440 84382 84323 84265 84208 84143
54080 8400, 83973  8391S 83887 8370 83741 83683 83625 83567
x3500 83451 81063 8331S 83278 83220 83162 83108 7 82989
2932 82874 82817 82760 82702 82845 82588 82531 8247 82416
$2359 82302 82345 82188 82131 82074 82017 81960 81904 81847
31790 81734 81677 81620 81564 81507 81451 81354 81338 81282
812235 81169 81113 81087 .81000 80944 80858 80832 80776 80720
50664 80608 80552 80497 80441 80385 80029 80274 80218 80163
30100 80051 79996 79941 79885 79830 .TOTTS 79719 79664 79609
3854 79499 7 73388 78333 .T0278 79223 79168  .79l1l4 79059
20004 79949 78808 78840 78788 78731 .78676 78622 78567 78513
78455 78404 7 78295 .78241 .78187 .78133 78079 78025 77970
ss916 77852 77809 .7TISS .TTIOl  .TIG4T .TTSR3  .TTSI0 77486 77432
+7378 17325 TT2Tl  TT218 77164 .T7IIl .T7057 .T7004 76950 76897
76844 76791 76737 .7 76531 .7857s 76525 76472 76419 76366
18313 73360 76207 76184 76102 76049 .75006  .TSO44 75891 75838
15786 757 75681 75628 75576 78824  .TS471 75419 78367 .7S3IS
sos3 75210 78188 75106 .7S0S4  .TS002 .T4850 74808 74846 7474
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000 .00} 002 003 004 008 008 .007 008 .009
74742 74681  .T4830  .T4587  LTK36 . T4484  .T4432 743801 74329 74278
74226 74175 .T4123 74072 . .7402) 73060 . .73818 73867 73816 .73765
73713 73662 73611 73560 LT380% 73458 73408 , 73387 73306 73255
73204 .73154 .73103 .73082 73002 .72851 72900 72880 .727v9 72749
72699 72648 72568 72548 .T24OT  .T2447 72307 72347 72297 72247
72196 72146  .T2006  .T2047 .TI9Q7  .T1947 71897  .TI847 71797 71747
71688 .T1648 (71568 . TIS40 ' .TI499  .Ti450 71400 71381 .71301  .71282
71203 71183 71104  .TIOSS 71005 .70886 70907 70858 70809 .70760
70711 70662 70613 .70564 .7OS1S 70466 .70417 70368 70320 .7027!
70222 70174 .70125 .70076 .70028 .69079 .60831 69882 69834 69786
69737  AO630 69641 68502 60544 60408 60443 69400 68350 69304
60255 69208 60160 89112 60084 .60018 68063 68920 68873 68825
B87TT 68720 68682 68834 68587 888530 63402 68444 68397 68340
68302 68255 .68207 68160 .68113 .48066 .68019 67971 67924 67877
67830 67783 67736 67880 67642 .8TS08  .67S49 67502 67455 67408
67362 .67315 .€7288 67222 87175 .6/120 67082 67036 66989 66843
66806 .BA850 66804 .B6TST 66711 68885 88810 .6657) 66526 66480
66434 . BA188 66342 68208 66250 68204 68159 88113 66067 .6602!
65975  .65830 .85884 65838 65783 .AST47 65702 65656 65611  .65555
65520 65474 65429 65384 65138 65283 65248 65203 65157 65112
B5067 85022 .349T7 64802 64887 64842  .B4TET 64752 64707 64662
| B4618 64573 64528 64483 64430 64304 84340 64305 64260 64216
84171 64127 64082 64008 63904 83040 63005 83861 83816 63772
83728 A3684 63640 63506 63552 63508 63484  A3420 63376 63332
83288 63244 63200 63156 63113 53080 63025 62982 62938 62894
62851 62807 .62764 62720 .62677 .62633 62500 62546 62503 62460
62417 62373 .62330 .62287 .62244 .62201 62157 62114 62071 62028
61985 51942 .61900 61857 61814 .BITT1 61728 61685 61643 61600
61857 .61S15 61472 61429 61387 61344 61302 61259 61217 61174
61132  .61090 61047 .61005 .60983 60921 60378 60836 60794 60752
80710 BOBA3 60626 60584 60542 .60SO0 60458 50416 60,74 60332
50290 60249 60207 60165 .60123 60082 60040 59999 59957 - 59915
’ 59874 59832 .59791 59750 .59708  .S9667 .S9625 19884 59543 59502
S9480 .59417 58378 56337  .SO208  .S9288  .S9214 9173 59132 . $009)
r $9050 50000 53968 58927 88885 58845 58805 58764 58720 58682
| 58642 58601 58561 58520 58470 58439 58398 58158 58317 88277
.S8237 58196 58156 58116 . 5807 58038 57988 57985 57918 57878
$7834 STTO4  STIS4  STTI4  .STET4 . STEI4  .S7TS04 57554 S7SIS  S5747S
57435 57395 57385 . S7316 57276 .ST2D8 87197 .S71ST  .STLIT 87078
STO38 56990 56959  5692C 56880 56841 58801 56762 56721 58683
S6644 56605 56566 58527 56487 58448 56400 58370 58131 56292
$6253 56214 56178 56136 .S6097 56088 56019 55881 55042 55903
55864 55826 .S5787 55748 .55710 35671 55632 588504 55588 85517
S5478 55440 55402 58383 .S83%,  .585287 .88248 58520 . SSi172 58513
55095 7 85010 54881  S4043 54005  .Si867 54829 54791 84783
S4718 54677 54839 S4601 5483 54529 . 54488 Sa450 54412 54374
S4107 54299 54261 54224 .5.186 . S4149  S41l1 54074 54036 53999
$3961 53924 7 53849 .'3812 8375 .83737 8370 536683 53626
53589 53552 .S3514 5477 SM40 .S:403 .S3366 53329 53292 83258
53218 33182 53145 53108  S3071 53034 52008 52961 52924 52888
50851 S2814 52778 52741 52708 52668 526832 52595 52859  .52572
$2485  S2449 . S2413 52377 .52340 52304 .S2268 52232 52196 52159
$2127 52087 52051 .7201S .S197T9  .S1943 51807 .S1871 5188 5119
$1787 51727 51692 51656 .S1620 .S1884 51548  SIS1L  SI4TT  Sl44l
S1408 51370 .S1334 .S1299 .S1283  .S1228 .S1192 .S1i1S7  .Sll2l  .51086
$10S1 51015 .50080 SOG45 50009 .S0874 50839 50823 50768 5071
S0658 50663 S0628 50583 .50S58 50827 50488 50453 50418 50343
50348 50313 50278 50243 50208 50174 50139 50104 50060 50035




' RADIOACTIVE DECAY MOODES

ALPHA AY =~ approximately 1560 known radionuclides
- occurs primarily in heavier elements
- the disintegrating nucleus emits an alpha parti le (=X )

which essentially s a helium nucleus

‘He?"
2

Symbolically noted as!

Ax—————> A"%y 4+ ‘He?* + Kinetic Energy of & particle
1 1-2 2

' Example:

1287 224, +  ‘He'* . Kinetic Energy
vo . 2

AMa,
an
4591 MaV
5%

€ 4777 MeY

YO188 MoV

(38% ¢*) Han
Ae

Radium-226 ransformauon (decay) wcheme.



BETA DECAY - approximately 1000 artificially produced

- lie above (B") and below (B' or E.C.) stability curve

- the disintegrating nuc'eus seeks nuclear stability
emitting a4 beta particle or capturing an orbital electron

- 3 types

Neaatron Emission - B
Positron Emission - B
Electron Capture - E.C.

Negatron Decay

Negatron (B") decay occurs when an electron
is created in and emitted from the nucleus

Symbolically noted as:

iy - *Y + % (B") =+ v (antineutrino)
1 1ot -1

caused bdy!

ho——> p + B & ¥V

sthe neutrino was discovered when observed beta
energies were continuous and not discreet

Example:

®co

80314 Maey

Y1173 MaVY

Y. 1332 MeV

by



Positroen (B*) Decay

Positron decay occurs when a positron
is created and emitted from the nucleus

A =———> Ay 4 %(B8*) + VY (neutrine)
1 1-1 .y

Example:!

"~.
" .
.. 19 A4 ol
i Y27 Mev
e

)
Sodium<22 1ransfurmation (decuy) scheme.

A positron is 3 unique creature in that it annihilates
with an electron to form two .51 MeV photons.



. Electron Capture or K-Capture

- the disintegrating nucleus seeks nuclear
stability by capturing an orbital electron

- [ . °e———->n
-1

Symbolically noted as:

ol * °e < .y *+ Keeravr
-q i-1

Example!
ICDIAE - 125
ELECTRON CARPTURE CECAY
::x
\ms.,‘~ st
24 ‘\“‘N k‘ ! ¥
P& P 'Oel
STAaaL £ 'f'(



. RADIATION INTERAC|IONS

WITH MATTER

Charged Particle

IONTZATION: EXCITATION: BREMSSTRAKLUNG :

Removal of Raising of Electromagnetic

electron electron radiation
released

Enerqgy Loss Mechanism

B’ __(Positron-Electron Annihjlation)

»

Ch > B™ or e

.S1 MeV .51 MeJ
Photon Photon

Rules of Thumb

s Alpha particles up to 7.5 MelV are stopped in the
dead layer of normal skin.

& Beta particles will penetrate about 4 meters
in air per MeV of energy.

. Beta particles will penetrate about 0.5 ¢cm in
soft tissue per Mey of energy.

4. Beta particles up to 70 keVU are gtopped in the
dead layer of normal skin.



Photon

An electromagnsetic wave with no charge and no mass
(x=rays and gamma rays).

hy > 102 MeVY

(€)

The three processes by which x and gamma rays mcst often
interact with matter,

(a)

(b)

(¢)

Photoelectric process’ the incident photon is absorbed
by one of the inner electrons. The resulting
photoelectron leaves its orbital. The vacancy created
is filled by an outer electron jumping ins, with
simyltaneous emission of x=-ray,

Compton process: the incident gamma ray interacts
with one of the outer electrons ard transfers &
part of ite energy to tnie electron.

Pair production: the incident photon converis into
an electron-positron pair in the coulombic field

of the nucieus. THe positron annihilates with an
electron.

lity of a particular type of
1 ie related to the photon energy
a"omic numbe~ (density) of the target

“’c‘ 1ﬁ2 ‘!au&



ALPHMA BETA GAMMA

Figure 3-5. Cloud chamber phowgraph of aipha, beta, and gamma ra v

Eleerron ane' Nuclear Physies, courtesy D Van Nosirand Co.) (H4

Iracks
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RADIATION DOSIMETRY UNITS

Roentgen (R) = A measure of electrical charge
(exposure) distribution in air

2.58 x 10°* Coulombe/KQiatr)

RAD A measure of energy deposition in a
(dose) medium by exposure to radiation,

100 ergs/gmiasdiun)

877 Rade(air) = 1.0 Roentgenisie)

877 Rade(air) = 95 Radecseit tissan)

A unit of radiation dose related
to ra‘iation protection.

= Rad x Quality Factor

Quality Factor is reluted to the
(Linear cneérgy Transfer) and the
(Relative Bilological Effectiveness

Radiation

Jamma

therma)l neutrons

fast neutror,

alphs particles

{1 R=1R:D =1 rem for
protection purposes




RADIATION DOSIRKZTRY

FOR *°C0O AND '37CS SOURCES

Nominal Activity *°Co Device S000 Ci

- Gamma Constant
% o = 1.32 _R__ st 1a R__ at 1cm
Ci=hr Ci=hr

'37ceg - 0.33 _R_at 1l m
Ci=hr

Examc)e! What is doee rate at 1 mnoter from a
4700 Ci *°Ce point source?

1.32 R x 4700 Ci = 6204 R/hr

Ci=hr

If distance s decreased to 1/2 weter, what would the dose rate
be?

6204 R/hr 3 1 m. (initial)
? 9 1/2 m. (final)

use:

LArinat = ORitattiar (ri/Zre)? where r is the 4 stance
from the gource

6204 R/hr x (17.5)%

DR‘(Q.I

¢4 R/r w (8)

24816 R/hr



. SUMMARY OF AVERAGE ANNUAL PER CAPITA

DOSES TO WHOLE U.S. PGPULATION

Average per capita
Source Dose (mrem/year)

Natura)l background

Cosmic 3
Terrestrial 68
Tech. Inhanced 4
Sub~-tota! 103
Man-made
\ Medical Pt
X=ray 7?7
Muc. Med. 14
Sub=total 91
Nuclear weapons 4-5
Nuclear power <1
Consumer products 0.5-1.5
Sub=total -8
Tota) =200
REF 3



10.
11.
12.
13.
14.
1S.
16.
17,
18.
19.

20.

U.S. AVERAGE ANNUAL DOSES

FROM RADIOACTIVE PRODUCTS

Radium wrist watch

P R R R R A B N R

R O T A R R O O N A

Tritium wrist watch

Radium dia) alarm Clocks sivevvvsosssssnonsns

to lung

DR

Cigarettes, 1 1/2 pack per day,

R R

Building materials, masonry ..... .

O LR

Road construction materinle

to lung

L U

firey power plant,

Coal

Cooking with natural qas stove ....iivavvn. v

3 mrem

0.6 mrem

7 to 9 mrem
8,000 mrem
7 mrem

4 mren

1 to 4 mrenm

& to 9 mrenm

Residential i1onization aemoke detector ....... 1 mrem
Denta) porcelain in falgs teeth, to qum ..... 60,000 mren
Thorium rose tinted eyeglasses, to eye ...... 4,000 mren
Phonograph record static 01;-xnltor ssensssss 0,001 mrem
Reading a8 book: 3 hre/da8y ..vvvsevssssssssess 0.5 mrem
Aircraft luminous instrument dial! ....... 1,000 te 5,000
Radium pocket watchs) GSD .ivvvvescsnscsssnses & mrem
Radioactive 1ightning roeds ..vcvvvssssvsssces 0.05 mrenm
Uranium glaze in dinnerware, to skin ,....... 2:400 mren
Farmer using phosphate fertilizer, GSD ...... 2 mrea
Worker in fe~tilizer plant, to 1ung «svvece.. 5,000 mrem
Gas lantern mantles for camping ....ose000000 Sl to 0.4

mrem

mrem

REF 3
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Principal Metabolic Pathways of Radionuclides
{n the body. (From ICRP 10)



BIOLOGICAL EFFECTS OF

EXPOSURE TO TONHIZING RADIATION

Observed effects fall into two categories:

h i it

- h fie

1. occurs by chance 1. @& minimum dose must
be exceeded-threshold
2. probebility of effect 2. pagnitude of effect is
is proportional to dJoame proportional to dose
3. ~o threghold: every 3. Example: LD S0/30 =

increment of dose has

600-800 RADS

a corresponding riek

4, Example! cancer or '
genetic effects

Per cent response

’

b
)

Fi. 71 Dose-response curves. Curve 4 13 the cha. \lenstic shape for a bolopcal

effect (hat! exhibils 4 (hreshold Cose—point a. The spread of the curve, from ihe

(hreshold 4t @ until the 100% response 13 thought 10 be due 10 “"Solopcal vanability

around 1he mean dose. point ¢, which is called the 50°, dose. Curve 8 represents 4

zero-ihreshold, or linear response: pownt & represents the 0%, dose for Ihe 2ero-
inreshold molopcal effect.



CELL RADIOSENSITIVITY

Law of Bergonic and Tribondean (1906)

Ceils that are most radiosensitive tend to havy!

- 8 high division rate

- a long dividing future

- the capability to "epecialize"
at some future time into an
‘adult” cell type

‘The generalization of Lthe Law of Bergonie and Tribondeau is
that tissues which are young and rspoidly growing are most
likely radiosengitive. A very practical msrplication of the
Law is given b, NRC Regulatory Guide 8.13 which is titled
“Instruction Concerning Prenata)l Radiation Exposure”., This
Guide requires that women of reproductive age be informed of

the incrensed risk of injury of the humsan fetus from radiation
exposur ™ because such a8 tissue meets all {he criteria of the

Law of Bergonie and Tribondeau. The human fetus is particularly
sensitive in the first weeks of pregnancy wher organe &re

forming. This is alsu a time period when the women may not

be aware of her pregnancy. Most radiztion protection standard.

recommend that the Lose to a8 deve opiIng embryo and fetus be

kept below 0.5 rem during the entire 9 months of gestation.

o

REF 1)

See also ACRFP Report No

.

S4




Schematic Diagram Illustrating The Absorpticn uf Energy
From Radiation Resulting In Biological Camage

Rodiction enters diologcol system
in the form of @ beom of 1 roys

rimary nlergchion (a)
LO¢curs with on elec!iron
Scottered
/ photon Mgh.speed eleciron
q'ving absorbed energy
{ S

llomization, excitation, breaking

|
| Bremssironlung | (8)
*/ rodiotion | LToleculor bonds, hea
& X
" i
More hike r
{Along(B) Physics |
[Chemical changes| (C) Chemistry
1ol
_— [Biclogical damage| (D) Biology

‘yzw



Effects of overexposure

Direct action
- direct insult on a molecule by ionization or
excitation and subsequent dissociation

Example: dissociation of an atom on & PNA molecule

Indirect action (by dissociation of atoms in water molecules)

Ha 0 ——————p H' + OW

¢in recombine a number of ways

H + H — (gas)
H + 0OM === H0 (water)

OH + OH == MH202 (H peroxide)

Peroxides are highly toxic (chemically) to cells.

Exposure Types

Acuyte - high dose i1n a short time
Chrenic = Jlose doses over 3 long time

(effects may take years to show up)



. Clinica) Effects
N

Acute Radiation Syndrome from acute whole body exposure.

t I remopoietic syndrome > 200 RADS

2. Gastrointestinal syndrome 2 100C RADS
.

. P Central nervous system syndrome > 2000 RADS

Common to each are:!

a. nausea and vomiting

b. malaise and fatigue

¢ increased body temperature
* 4. blood changes

sthe most significant biological indicator of overexposure

(P'

Celayed Radiation Effects

- caused by acute large exposure or by a8 continuous
low level exposure (internally or externally)

effect occurs 5-20 years after exposure

- examples: Cancer (hemcpoietic system, thyroid,
bone and skin are the most common)

Leykemia
Lung cancer

Genetic effects



RADIOBIOLOGY

febelinleal Range

Theropend (¢ Lamge
100 te 1,000 ren

Lathel Tange
Over |, 900 ren

LA ncy 0 te 100 rem 100 te 100 rom 100 te W0 rem 00 te 1,000 rem 1,000 te 5,000 rem Over 3 000 ron
160 rem: 32
tmcipemct of
YORTT NG e 200 remi 31 300 rem: 00T 1003 1001
SELAY Timg - e ™ 1 W 2 win
LLAD [ MC ORCAN e Bene Korrew Cantrain seting Contral Rarveus
' Traet Sretem
CRARACTERISTIE [ Nederete Stevare lowhaponis, bemervhage, (afee- Blarrhes, fewer, Conwulaione,
sicws - | ewkopen e tien, perpure, epilotion showe 300 ren electralyte loes tremer, stenis
. lowd Vioed trenefusion Poseible warvew Ralmtain sloctre
TRERAPY Seassvronce serve lsnee P ™ tremeplont Tytes Philstives
[ rROCwOy s taeellont Caceliont Sea ! Qesvd ot Bepalnne
InC1OENCT OF
e e Baso 0 e M2 LT 0 e 1001
REF 3



HEMATOLOGIC EFFECTS

Hematoomm
Hemogloten g

Rewculocytes per cent

Leucocytes '3 lymphocytes, «10 * per men?®
Matetets 10 'p.t -

o

O

Hemalolope efect of radiation overexposure. Averige vilue for Ave
malienis who were exposed 10 136-345 rad (estimated) during & eritcality somdeni
ot (he Y-12 plant in Osk Ridge on 16 Juse 1958, (O. H. Andrews, B. W, Sitierson,
A L Kretchman and M. Brucer, Critcality sccdent sl U Y12 plant, Diagnasis

and Treaiment of Acwie Radlation [npwy, pp. 1748, Wordd Haalth Orgamuzanion
Geneva, 1961.)




MECHANISHS FOR DETECTION

OF RADIATION

B JONIZATION - Release of ion pairs by
the incoming radiation.

o 0 CA - Changes pro 'uced in a8 living
system expos2d to radiation,

. 1 HEMICA - Changes -aused in & chemical
soiution due to free radical
release.

4. HEAT - Enerqy deposited by the radiation
causes & temperature rige In
absorber,

’ S. NTILLAT - Production of & flash of visible
( light in certain phosphors.

6. THERM MIN N - The release of visible light after
hesting an irradisted sample,




GAS-FILLED DETECTOR

CHARACTERISTIC CURVE

A
QDetector
output signal .
size
3
' . —
/
Detector Voltage
Region 1
- lon chamber region
- 100X collection of primary ionizations only
- no gae amplification
- can measure only cumulative effects
Region 2
- proportional counter region
- 9as amplification produces secondary and tertiary
ionizations
- output signal 1 proportional to incident radiation
- can meamure individual events
Region 3
- Geiqer~Myeller region (G.M.)
- initial 1on formation produces total avalanche of gas
(complete discharge)
- output signal 18 the same for any energy of 1nput

radiations

*may overrespond ‘or low energy gamma rays



GM DETECTORS

SPECIAL CONSIDERATIONS

o]

Tube saturation occurs when the tube is exposed to & very high exposure
rate in a radiation field,

A conventiona)l instrument will show & momentary upswing of the neter
needle followed by a return of the needle to a ‘point near zero, even
though the instrument 1s still in the high field. In such a high
field, the ionizing events are interacting with the counter tubde with
an average geparation in time much <closer together than the counter
dead time. Most of these rays will be missed since the tube i1s "dead"”.
The problem occurs near the end of the dead time while the last :ons

are being cleared., If a new event (s detected then, the tube still has
net fully recovered so the gas multiplication factor will still be
depressed. This produces a must smaller pulse than normal. In fact.,

the pulses formed under thege conditions are uysually so small as to be
at the same level as the background electronil noise. Since the noise
pulses are discriminated against by the electronic circuit, this read
count will be missed along with all the following counts that continue
to trigger the tube before it can recover. Thus the instrument reads
“background” while in fact the operator 1s in an extremely hazardous
radiation field. This oroblem can be eliminated by using only the
“"mon-gsaturating’ type of geiger counters now comemercially availabdle.
I in doubt, check the instrument specifications to make sure 1t will
not saturate in fields w 17h might be possible &t your facility, even

ynder worst case accidenc “onditions.



