
U.S. Department of the Interior 
Bureau of Reclamatiorr 
Tocchnical Service Center 
PO Box 25007 
Denver, CO 80225-0007 

RECLAMATION 
Managing Water in the West 

Main Phone. 303-445-3161 Fax Cover 

, Date: 7 , h Y / o I  Seismotechtonics & Geophysics Group 

Pages including this cover: F a :  303-445-6478 

Fax: 



. .  The instructors . . . . . . . 

br. 

Course Descriptions . . -  . ._ 
. - . . . . ... . . 

s -DAY RSQ COURSE 
This coi~prrhcn~rvz 4Phr. cnui K pnjvidcs sludcnh 
with B hnlancc of lcchnicltl iheoreiicul iiiforrnalion and 
practical applicutions of  rodiatiixr sal'cty Funhrncntal 
coiicepir NC praciitcd in a lngrnl progrrsrion. probid- 
ing a souiid basis for untlcdandmg the day-lo-day 
nyiiirrmcmr of rhc RYliatlon Safcty Officer Ai1 
nprioiid cxam for RSO's w l w s  program\ rquirc test- 
ing is also pmvidcd. Scvcral sdlwarc prciprorn\ a& 
internet bit= xr showcased allowing irnpruvcmcnl Ln 
el'fkicncy and effrcLivriitJs of your Rndiution 
Prtrrction hognnr. 

J * DAY ADVkNCFS RSO CWIRSE 
This 3 day counc includes a review of haic thmrcticul 
conccp~ and inJcpth discussion?, of opcraitonnl pro- 
grams. l i imi ing ISSUK, and regulaiory m-wJentnxw 
Sebcral NRC pnsitioiis. Rqularory Guidcs, aiid 
NURfiGs will be prcrcntcd. 7hIx cuunc also yrnvidcs 
the piu~:ciplm~s ;I? opponunity to Jicws thcir .\pcciGv 
liccmc ISSUU. WC cncouragr ycw 10 said US a copy of 
y w r  liccnsc pmgrain documL-. and tic-down lcltcn 
so u'c may include thein in the c0ur.v wrink.  

Thn coursc incliidcs w w a l  worbhop sessions lo 
allow for dctaild &cussions iha rocus on  your pur- 
iiculor nccdr Duriiig workshop scssions. scvcrnl siifr- 

W a R  prowarns and intcrna sites wrll hc ihowcacd 
that will allow you IO impmve the cfficicncy and cffcc- 
rivcncss of your radiation proieciion p m g m .  

- Who - - _  Should _ _  Attend. 
These courscs wcm dcvelopcd for Radialion Safety 
OFficrrs ancl other persolinel responsible for radia~ 
tion safely within thcir facikty. Panicrilrr einphack 
will hc placed on rcsearch and development facili- 
hes. indlrshial iicensees, and educational facilities. 
(NCTTE: Rdcrtnca from past students nvailablc 
upon quest.) 

l k  5 day RSO COUIX provides a comprcknsivc 
review of iundamental concepts a n d  I OCFRZO coni- 
pliance. 

The 3 day advanced RSO course includes a k e f  
review rif be fundanientals along with a f o c u ~  on 
IOCFR20 and IOCFRRO licensing i.uurr. 

Ha . .  ndo ilt Ma le ria is 
The comprehensive KSO Ciwrse Manual contain$ 
over hlH) pages including instructirmal aids. 
Rcgulatory G u i k .  NUREIS and NRC ntrticcq & 
relercnces. Also included iii the coune is Ilx 933 
page hard cowr refcrrncc h)ok eniitled "Thc Hedth 
Physics and Radiolngical Hcalth Handhnok," 
revisededilion. E x l i  siudent i n  Lhc RSO course wi l l  
abo icceirr il ccjenlilic calculator necessry for the 
practicrl prnbkin solving sessions. Several crample 
Radiation Proiccrion Prugrams and Srandwd 
Operaling F'roccdurc. will ulso be prvvidctl un CD 

Thc Advanced RSO Coursc intlnuul includes 
instructional aides, Rcg. yidcs, NIJREGS, NRC 
Notices ;md rcfcrences. Miluoblc software film slid 
applications tu help r;olvc various radiological ixsucs 
will also be discussed. 

.~ Course Schedules - . . . .  

RSO Course rcpistmion wil l be held Monday from 
8:OO to 8:3(1 un. C l m  will run frum 8:(KI to 5:OO 
c ich day and wil l  end at noon on Fridny. An optim- 
al exam will be affcrcd Friday affernocin. Optional 
evening ses%ioiis WI I1 he held Twd;ly a d  Thursday 
lion! 7:OO to 900 p.m. RSCS will prtwidc I\mch and 
il S;W pm.  culcrcd social hour 011 Monday. 

Advooced RSO Course rcgirlration w i l l  hc lleld 
Monday froni 8 0 0  io 8:30 a.rn Cia+- w i l l  run 
h m  R : M l  to 5:oO each day. RSCS wi l l  pro\idc 
lunch and a 5.00 p.m. ciitcrul s ( ~ . i u l  hour on Monday. 

- Continuing -. . Educatipn Credits 
The Ain&an Academy o f  Healrh Physics hac 
giiintcd h e  RSO clas and the ARSO claxs 16 
Conliming Educalion C d i b  CdCh Thc Arnericnn 
Socicty of Radiological Technologists (ASRT) has 
approved the RSO course for 40 hwrs and the 
ARSO couw for 14 hours of Caicgnry A continu- 
ing cdocalion crcdit. Thc Anrcrican h a r d  or 
Indugrial Hygiene [ABIH) wi l l  award 5 Indu\lrial 
Hygiene CM p i n t s  for the 5-day RSO courx. 



-- 

Radiation Safely & Contra1 Services, lnc. 

Monday AM 

Monday PM 

Tuesday AM 

Tuesday PM 

Wednesday AM 

Wuinesdag PM 

Category I. 
Category n. 
Category Ill: 
Category IV: 

Advanced Radiation Safety Otflcor Tralnng Course 

Formal NRC Radiation Safety Traintng Equivalent Hours 

TRAINING CATlEGORY J I1 IloI xv 
Theory Review 2 2 

Atomic and Nuclear Principles 
Radioactive Decay 
Radiation Interactions 
Biological Effcm 

Radiological Hazards Review 
External Radiation Dose 
Intcmal Radiation Dose 

Review of Detection Principles 
Comrnercidly Available hsuumenratiw 

Radiation Detection 

RadioIogicaI Hazards 
Exposure Controls 
Radioactive Material Control 
Surveys 
Effluents 
Waste Management 
Program Oversight and Audits 
Records 
Radiation Protection Organization 

Radiation Protection Wotkshap 
License Reviews 
Commitments and “tie down” ]ems 
Hxcak-Out Sessions (Medical, lndusuial. Research) 

Regulatory Control and Compliance 
Review of 1OCFR19, IOCFR20 
Regulatory Guides and ETUREG’s 
Review of NRC HP “Position” Papers 
Efficiency Dealing with Regulators 

Licensing 
Review of 1OCFR30 
Review of Limnsing Rcg. &ides 
Licensing Workshops (Medical. Industrial, Research) 

2 

2 

4 

4 

4 

4 

Totals 2 IS 0 4 

Radiation Physics and Instrumentation 
Principles and Practices of Radiation Rotection 
Mathematics Pertaining to the Use and Measurement of Radioactivity 
Biologjcal Effects of Radiation 



-- 

Advanced Radiation Safety Officer Training Course Outline: 
RSCS Inc. 

Theory Review 
Atomic Smcture 
Nucleus 
Fundamental Properties 

Mass, Charge, Energy, Force 
Elcctrical & Chemical 

Nuclear F m e  
Radiation 

Definition 
Types of Radiation 

Definition 
Units of Measure 
Half Life & Decay ]Law 

Interaction of Radiation with Matter 
Penetrating Radiation 
Non-Penetrating Radiation 

Radiomvity 

Charged Particle Intetactions 
Coulomb Forces 
Radiaave Losses 

Gamma & X-Ray Interactions 
Photoelecuic Effect 
Compton Scattering 
Pair Production 

Radiation Exposure and Dose 
Exposure 
Absorbed Dose 
Dose Equivalcnt 
Total Effective Dose Equivalent, TEDE 
Committed Effective Dose Equivalent, CEDE 
Deep Dose Equivalent, DDE 

Background Rdat ion Exposure 
Natural Sources 
Technologically Enhanced Sources 

Biological Effects of Radmion 
Background 
SequenQal Patterns of Biological Effects 
Cellular Effects 
Types of Exposure 
Acute 
Chronic 



Advanced Radiation Safety Officer Training Course Outline: 
RSCS Inc. 

Types of Biological Effects 
Short Term Effects 
Long Term Effects 
Genetic Effects 

Federal Exposure Lirmts and fCsk Estimates 
X-Ray Machines 

Components 
Basics (kVp. mA, ume, phototimen) 
Safety Tests (filtration, collimation, alignment, reprducibility, accuracy, exposure at sktn entrance) 

Radiological Hazards Review 
External Radiation Dose 

Penetrating (gamma) 
Nm-Penetrating (bcta) 
Rules of Thumb 
Time, DMance, Shielding 

Internal Radiation Dose 
Units of Measue 

. Fixed vs Removable Contamination 
Xnternal Hazards and Entry Routes 
Aisborne Radioactivity 
Protection Methods 

Radiation Detection Review 
Basic Principles 

Gas Filled Detectors 
Scintillation Detectors 
Solid State Detecrors 

Detector Efficiency 
Counting Statistics 
Minimum Detectable Activity 

Dose Rate Meters 
Dosimeters 

Direct Methods (Friskon) 
Indirect Methods 
Swipes 
Laboratory Instruments 

Applications 

Dose and Dose Rate Measurements 

Contamjnatmn Measurements 

Lcensing of Rahoactive Material 
Exempt. General bcenses, Specific Licenses 



Advanced Radiation Safety Officer Training Course Outline: 
RSCS Inc. 

lOCFR30 - General Applicability to Domestic Lcensing 
Decommissioning Funding Plans 
Lcensing process (initial application, amendments, renewals, change of namdownership) 

1OCFR3 1 - Genefa1 Licenses 
1OCFR32 - Specific Licenses to Manufacture or Transfer 
1OCFR33 - Broad Scope 
1 0 0 3 3 4  - Industrial Radography 
10CFR35 - Medical Uses 
1OCFX36 -Irradiators 
10CFR39 - Well Logging 
l(XXR40 - Licensing of Source Material 
Reciprocity 
Sealed Source and Device Evaluations 

Rarfioacuve Material Lncenses 
Types 
Regulatory Agencies 
Agreement States 

Compatibility 
hcense Conditions 

Name, address, expiration date, license number, 
Radloacrive material, chemicdphysicai form, possession limits, authorized uses 
Location of use, authorized users, RSO, leak test requirements, invmtonies, prohibitions & 

authorizations 
Tie -dow n Con& tion 

Example Licenses and Workshop Session 

1OCFR19 
Regulatory Control and Compliance 

Posting of Notices to Workers 
Instructions to Workers 
Notifications and Reports to Individuals 
Inspections 

Rahation Protection Programs and Audits 
Occupational Dose Limits 
Dose Limits for Members of the Public 
Surveys and Monitoring 
Control of External EXPOSUIT 
Respiratory Protecuon 

Records & Reports 
Regulations Workshop Session 

lOCFR20 - Radiation Protection StaIIdards 

Waste Disposal 

hs 3 



Advanced Radiation Safety Officer Training Course Outline: 
RSCS Inc, 

Operational Radiation Safety Programs 
Organization 
Facility Design 
Radiation Safety Program Goals 
General Public 
Radiation Workers 
Personnel Monitofing 
ALARA 
Radioactive Material Control 
Access Control 
Surveys and Facility Monitoring 
Effluent Monitoring and Control 
Waste Disposal and Effluent Releases 
Annual Radiation Protection Program Audits 

Purpose of Assessments 
Types of Assessments 
Preparations for Assessments 
Conduct mg Assessments 
Documentation 
LJessons Lamed 

Emergency Plans 
The Role of Federal, State, and Local Agencies 
General Rules for Health Physicists and RSOs 
Transportation of Radioactjve Material 

Title 49 - Department of Transportation 
Reference Materials 

NRC Homepage 
NRC Information Notices List 

NRC Regulatory Guides 

Examples Scaled Source and Device listings 
rJRC Health Physics Position Papers 
NRC I OCPRZO QueslioDs and Answcrs(Nurck/CR-62) 
Optional Textbook - Handbook of Health Physics and Radiological Health 

Examples provided &pad  on class attendees and their license type 

Examples provided degend on class attendees and their license type 

P a p  4 



Radiation Safety Officer Training Course 

June 11-1 5,2007 

EXAMINATION 

Name (print): Signature: .._ 

Instructions; You are allowed to use your Radiological Health Handbook, your RSCS 
RSO Handout (three-ring binder), and a scientific calculator. You are not allowed to 
use any answer sheets from practice problems provided during the class. 

Please read all questions fully before answering. For multiple-choice questions, there is 
only one answer; choose the best response. For other problems, state your 
assumptions and show all work. Partial credit will be allowed where applicable. A 
grade of 80% is required to pass this examination. Good luck! 

1. Express the following numbers in scientific notation: 

A. 423,000,000,000 

6. 0.00000oooO15 

C. 2344,567,465,873,567,234.2 

2. Convert 1 OOO cubic inches to liters, given 1 I = 1OOO cm3, and 1 inch = 2.54 crn 

3. Atoms are made up of the fohwmg oornpononts'? 

A. 
6. 
C. 
D. None of the above 

Electrons orbiting around a nucleus of protons and neutrbns 
Neutrons orbiting around a nucleus of electrons and protons 
Protons orbiting around a nucleus 01 electrons and neutrons 



4. Given the following isotope, select the besl choi i :  

60 

co 
27 

A. 
B. 
C. 
D. 
E. 

There are 60 protons and 27 neutrons in the nucleus 
There are 27 neutrons and 33 protons 
There are 60 neutrons and 27 protons 
There are 33 neutrons and 27 protons 
There are MI neutrons and 33 protons 

6. Which will travel farther in air, a 3 MeV alpha particle or a 3 MeV beta particle? Why? 

7.  How are X-rays and gamma rays simIIa1-7 How are they different? 

8. Bremsstrahlurg radiation may best be described as 

A. 
8. 
G. 

D. 

Neutrons ejected when a photon interacts with a nucleus 
Neutrons ejected when a proton interacts WRh a nucleus 
Photon radlatior, produced when a beta particle bses energy after interactm with the 
electric field of a nucleus 
The scattered photon produced v a  the Compton interaction. 

9. Which energy photons are mltled after an annihilation event? 

A. 0.511 MeV 
6 0.800 MeV 
C. 1.02 MeV 
D. 602MeV 



10. Calculate the Total Effective Dose Equivalent (TEDE) given the following information: 

DDE = 30 mrem 
CDE (thyroid) = 100 rem 

11, The average annual radiation dose received fm all background sources by individuals living in 
the United States is: 

A.  200 mrem 
6. 0.250 rem 
C. 500 mrem 
D. 0.360rem 

12. Our current radiation standards assume: 

A. 
8. Most radiation is harmful 
C. Sometimes radiation is harmful 
D. 

All radiation may be harmful 

W i t i o n  is only harmful if you are not wearing a lead suit 

13. Calculate the incresse in &&of cancer death to an indivldual given the following infomation: 

Lifetime ri3k = 0.04% per rem 
Exposure = 50 rem 
lnrlitll nsk of cancer (no exposure) = 20% 

14. How many half-value layers does I; take u) reduce the radiation exposure by a factor of 32? 

15. The radiation mtetaction mechanisms responsible for gamma buildup in a shield are: 

A. Photoelectric etfeccts 
B. Compton eftects 
C. Pair Production events 
D. Gamma Absorption effects 

16. The three methods used to protect against external radiation are -., 
and 

17. An individual who inhaled an airborne concentration of radioactive material of 1.5 DAC for 8 hours 
would receive a CEDE dose of; 

A. 12 mrem 
B. 1.5 mrem 
C. 30rnrem 
6. 120 mrem 



18. With all parameters equal, the type of gas-filled detector that operates at the lowest operating 
voltage is the: 

A. Recombmarion Detector 
B. Smoke Detector 
C. ionization Detector 
D. Proportional Detector 

19. GM Detectors: 

A. 
6. 
C. 
D. none of the above. 

can operate an any voltage. 
cannot electronically discriminate between different types of radiation. 
must be turned off occasionally to allow the quench gas to re-charge. 

20. A counter has a background of 200 counts for 10 minutes. A sample is counted for 5 minutes on 
this counter and yielded a gross count of 420 counts. Cakulate Ihe sample activlty in dpm if the 
deIectfon efflclency IS 24%. 

21, Given a background count rate of 250 cpm, sample and background count times of 5 minutes, 
and a counting efficiency of 18%, calculate the system MDA in dpm and in uCi. 

22. Scintillation detectors may be used tor :  

A. survey instruments. 
B. beta panlcle spectroswpy instruments. 
C. gamma ray speclroscow instruments. 
D. aldtheabove. 

23. An instrument dead time: 

A. 
6. 
C. none of the above. 
D. BothAandB. 

can be ignored because this is the p e r d  of time that an instrument doesn’t work. 
may be an important consideration for some instruments at high count rates. 



24. Routine facility radtological surveys: 

A. 
B. 
C. 
D. alJ of Iho above. 

need only be documented when abnormal condition is found. 
should identify the individual performing the survey and the instrument used. 
should be performed on the same day of the week. 

25. Survey instrument calibrations are required: 
A. when a malfunction occurs. 
B. semi-annually. 
C. 
D. 

as speclfled In the radioactive materials license or specific regulation. 
when the instrument is dropped. 

26. 10CFR19 requires the following people to receive rackation protection training: 

A. 
B. 
C. all declared pregnant females. 
D. 

It is required by 1 OCFR20 to require documentation of each personnel access lo the reslricted 
area: 

all individuals accessing me restricled area. 
ell individuals working with radioactive material. 

all individuals likely to receive greater than 100 mrem in a year. 

27. 

A. True 
B. False 

28. For a package arriving at your facility, an incoming radiological survey is required: 

A. 
8. 
C. if it is damaged. 
D. 

withn 3 burs of package receipt during normal and ofl-hours. 
if you suspect that it may contain radioactive material. 

if it is “labeled‘ (white I, yellow II, or yallow 111) or damaged and known to contam 
radioactive material. 

29. Immediate response to a radiological incident should molder: 

A. shutting down ventilation systems. 
B. 
C. 
D. all of the above. 

saving samples of Mood, clothing, urn, etc. tor later analysis. 
evacuating and segregating personnel from the immediate area and controlling access. 

30. A posting within your facillty for emergency call-out telephone numbers should include 

A. theRSO. 
B. local fire department 

0. all of the above. 
c. localpdlce 

31. 1OCFR20 Subpart M requires thal the NRC be immediately notflied if: 

A. 
6. 
C. 
D. none of the above. 

an individual receives an exposure in excess of the applicable limlts. 
an individual receives an Intake in excess of 5 ALL 
loss ol any radioactive mated. 



32. The 1OCF R20 annual dose limits for occupationally exposed aduft workers are; 

TEDE = 

SDE = 

LDE = 

33. Licensees shall conduct operations so that the TEDE to individual members of the pubic from the 
licensed operatbn does not exceed in a year. 

A. 10 mrem 
6. Wmrem 
C. 100mrem 
D. 500mrem 

34. Unless specific exempttons apply, containers of licensed material shall be labeled with the 
racllatron symbol and the words 

A. "CAUTION RAI)IATION MATERIAL' 
B. "CAUTION LICENSED MATERIAL" 
C. 'CAUTION CONTAMINATED MATERIAL" 
D. 'CAUTION RADIOACTWE MATERIAL' 

35. Each licensee shall post current copies of the Wowing document(s) in accordance with 
1 OCFR 1 9: 

A. 1 oCFRl9 and lOCFR20 
B. 
C. 
0. All of the above 

The l i e  and 1- conditions 
The l i e ~ s  operating procedures applicable to licensed activitw 

36. According lo 10CFR20, Agoendw B, the monthly average concentration limit for the release of co- 
60 to the sewer is 

37. TRUE or FALSE: Minors are not allowed to received occupational exposure under the 
provisions of lOCFR20. 

38. Radioactive material that cannot meet SPECIAL FORM requirements is designated as: 

A. USUALFORM 

C. NORMAL MATERW 
D. NORMALFORM 

B. NON-SPECIAL FORM 



39. The dlmenslonless number determined by expressing the maximum radlatron level in millirem per 
hour at one mefer from rhe external surface of a package IS called the 

A. Transfer 
0. Package 
C Transport 
D. Total 

Index. 

40. TRUE ar FALSE: The radiation level at any point on the external surface of Limited 
Quantlly or Whlte I labeled packages must be less than or equal lo 0.5 
mremhr. 


