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READ THESE INSTRUCTIONS CAREFULLY AND FOLLOW THEM CLOSELY. 

Par t  
- 

- 

11 of t h i s  examination cons i s t s  of two sect ions:  
The f i r s t  sect ion (questions 1-6 ) cons i s t s  of s ix  fundamentals 
questions. You m u s t  answer a l l  s i x .  

The second sect ion (questions 7-13) cons i s t s  of seven spec ia l ty  
questions. Answer any four.  The proctor can accept only four 
answers from t h i s  sect ion.  

Questions 1-6 a r e  each worth 5 points .  Questions 7-13 a r e  each worth 1 0  
points .  The maximum poss ible  score i s  70 points .  The r e l a t i ve  weight of 
each par t  of a  question is given. 

You have four hours i n  which t o  complete the  examination. 

On the  cover sheet:  
a. P r in t  your name; 
b. Write your i den t i f i c a t i on  number; 
c. Sign your name: 
d .  When you have f inished the examination, mark the questions you have 

answered. 

On the  answer sheets :  
a. Ident i fy  yourself w i t h  each sheet  by writ ing your number (not your 

name) i n  the  upper r igh t  corner. The graders can be object ive  when 
names do not appear. 

b. Write the question number i n  the upper l e f t  corner. 
c. When you have completed the  answer t o  a question,  go back and wri te  

beside the question number the number of pages i n  your answer: 
Page 1 of - , Page 2 of - , e tc . ,  so  t ha t  the  grader knows t h a t  
a l l  answer shee t s  a r e  present. 

d. Write on only one s ide  of the  sheets .  
e. Begin each new question on a  separate  sheet .  

This is a  closed-book examination, s o  no t e x t s  or  reference material  
are  permitted. Standard s l i d e  rules  may be used, but the so-called 
'Health PhysicsR s l i d e  rules.  Non-programmable e lec t ron ic  ca lcu la to rs  
a r e  permissible. Only those programmable ca lcu la to rs  which have been 
previously approved by t he  Board a r e  allowed. A l l  ca lcu la to rs  m u s t  be 
checked by the proctor p r io r  t o  the s t a r t  of the  examination. 

I f  the informat ion given i n  a  pa r t i cu l a r  question appears t o  be 
inadequate, l is t  any assumptions you make i n  developing your solut ion.  

I f  you f ind you a r e  running short  of time, simply s e t  up an ou t l ine  
showing c l ea r l y  how you would complete the  solut ion without working out  
the  ac tua l  numerical answer. ~ p p r o p r i a t e  p a r t i a l  c r e d i t  w i l l  be given. 

Return the  completed cover sheet  and your answer shee t s  t o  the  proctor 
when you have completed the examination. you may keep the copy of the 
examinat ion. 
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For each of t h e  r a d i a t i o n  exposures shown i n  t h e  t a b l e *  describe t h e  expected 
b i o l o g i c a l  e f f e c t s  t h a t  would be observable w i t h i n  t h e  f i r s t  few weeks a f t e r  
t h e  exposure. Assume t h a t  t h e  exposures a re  acute* no recent  exposure h i s t o r y *  
and t h a t  reasonable medical care i s  provided. 

1 A. 25 rad gamma W hol e body 

1 B. 300 rad gamma Who1 e body 

1 C. 300 rad gamma Hand 

1 D. 300 rad beta Hand 

1 E. 50 rad slow neutrons Whole body - mixed f i e l d  
10 rad f a s t  neutrons 

100 rad gamma 

B r i e f l y  exp la in  the  u n c e r t a i n t i e s  i n  P a r t  E. 



i2LEuLz 

The c l a s s i c a l  d e f i n i t i o n  of t h e  roentgen i s  t h a t  amount o f  x  o r  gamma r a d i a t i o n  
which w i l l  produce 1 e.s.u. o f  charge of e i t h e r  s ign  i n  1 cm3 o f  dry a i r  a t  
S.T.P. under cond i t i ons  o f  charged p a r t i c l e  e q u i l i b r i  m. I n  t h e  S I  system o f  
u n i t s ?  t h e  roentgen i s  def ined as equal t o  2.58 x  lo-' C/kg ( e x a c t l y ) .  

2  A. Using one o f  these two def i n i t l o n s r  c a l c u l a t e  t h e  absorbed 
dose i n  a i r  from an exposure o f  1 R. Show your work. b c r e d i t  
f o r  answer alone wi thout  showing how i t was calculated.  

3  B. Ca lcu la te  t h  spe i f i c  gamma-ray constant, r, f o r  1 3 7 ~ s  i n  
u n i t s  o f  R m ' Ci -' hr- l .  Show your work. 

GIVEN 

e l e c t r o n i c  charge = 4.8 x  10-lo e.s.u 

1 MeV = 1.6 x l o d  ergs = 1.6 x 10-l3 j ou les  

P a i r  = 1.293 x l o d  g/cm3 & S.T.P. 



! 2 i s a Q u  

You are  t o  monitor a  rad ioac t i ve  e f f l u e n t  i n  a  stack. The e f f l u e n t  inc ludes 
beta and gamma e m i t t e r s  on dust  as we l l  as rad io iod ine.  You can ad jus t  your 
a i r  sampler and i t s  c o l l e c t i o n  device t o  ob ta in  representa t ive  samples o f  
s tack gas. 

Paints 

1 A. I s  it necessary t h a t  sampling f o r  each o f  these rad ionuc l ides  
i n  t h e  e f f l u e n t  be i s o k i n e t i c ?  Explain. 

2 0.  When sampling f o r  beta and gamma emi t te rs  on dust: 

(1) What co l  l e c t i o n  device would you use? 

(2) What would be t h e  e f f e c t  i f  t h e  saapl i n g  v e l o c i t y  from . 
t h e  stack was s i g n i f i c a n t l y  h igher than t h e  v e l o c i t y  o f  
t h e  gas i n  t h e  stack? Explain. 

2 C. When sampl i n g  f o r  rad io iod ine:  

(1) What c o l l e c t i o n  device would you use? 

(2) What would be t h e  e f f e c t  i f  ' the sampl i n g  v e l o c i t y  from 
t h e  stack was s i g n i f i c a n t l y  lower than t h e  v e l o c i t y  o f  
t h e  gas i n  t h e  stack? Explain. 



An environmental sample has been c o l l e c t e d  f o r  determinat ion o f  210~o content. 
The sample i s  chemical ly  separated and counted i n  an instrument w i t h  t h e  
f o l  lowing r e s u l t s  s i x t y  days a f t e r  sampl ing:  

Chemical y i e l d  80% 
Counting e f f i c i e n c y  20% 
Sample counts (gross) 20 
Sample count t ime 30 min. 
Background counts 10 
Background co t ime 30 min. 
Hal f-1 i f e  o f  '"Po 138 days 

POINTS 

2 A. What was t h e  sample 'lOpo content  i n  d is in tegra t ions /minute  
(dpm) a t  t h e  t ime o f  sampling? 

What i s  t h e  standard dev ia t i on  o f  t h e  value determined i n  
p a r t  A ?  

The lower l i m i t  o f  de tec t i on  (LLD) a t  t h e  95% confidence l e v e l  
has been def ined by Pasternack as: 

LLD = (1.645) ( 2  a s b )  

where S i s  t h e  standard dev ia t i on  o f  t h e  background. 
c a l c u l a t e  t h e  LLD f o r  t h i s  determinat ion. 

Does t h e  a c t i v i t y  l e v e l  o f  t h i s  sample exceed t h e  LLD f o r  t h i s  
determi na t i on?  



An e x i s t i n g  room a t  your l i censed f a c i l i t y  i s  being converted t o  a  c a l i b r a t i o n  
room f o r  t h e  TLD progr  The roan dimensions and e x i s t i n g  sh ie ld ing  are 
shown below. A 25 C i  '"Cs source w i l l  be located i n  t h e  roan as shown. 
Your management wants t h e  r e s t r i c t e d  area on t h e  o ther  s ide  o f  t h e  primary 
s h i e l d  w a l l  t o  have r a d i a t i o n  l e v e l s  l e s s  than t h a t  which would requ i re  t h e  area 
t o  be posted and c o n t r o l l e d  as a r a d i a t i o n  area. 

A. I s  t h e  e x i s t i n g  pr imary s h i e l d  w a l l  adequate? Show your 
ca l cu la t i ons .  

B. I f  t h e  area on t h e  o ther  s ide  o f  t h e  pr imary wa l l  was an 
u n r e s t r i c t e d  area (e.g., p u b l i c  park ing  l o t ) ,  what are t h e  
exposure l i m i t s  which would apply f o r  p r o t e c t i n g  t h e  p u b l i c  
from r a d i a t i o n  exposure? 

Mass a t tenua t ion  coef f i c i e n t  f o r  concrete = 0.078 cm2/g 

density,  concrete = 2.35 g / c d  

bu i ldup t a b l e  - attached 

r f o r  13'cs = 0.33 R m2 hr' l  ~i'l 

(concrete) r e s t r i c t e d  15 in .  pr imary 
area s h i e l d  th ickness 

f I; 

,* - 15 in .  Beam i s  i n c i d e n t  

i on ly  on primary 
s h i e l d  wa l l .  



Water 

Aluminum 

Iron 

Dose ~ u i l d u ~  Factor (B) for a Point Isotropic Source 

NOTE: For concrete use an average of aluminum and iron; e.g., ~ ( c o n c )  = 
[B(iron) + B(A1)I + 2 .  



I n  t h e  Uni ted States t h e r e  a re  about 440,000 deaths each year due t o  cancers 
o f  a l l  types i n  a  popu la t ion  o f  about 220 m i l l i o n .  It has been pro jec ted 
t h a t  if each member o f  a  popu la t ion  o f  a  m i l l i o n  people were t o  receive a  
whole-body absorbed dose o f  10 rem, t h e r e  would be 1000 add i t i ona l  annual 
cancer deaths. Use these data i n  t h e  c a l c u l a t i o n s  below. 

1 A. Def ine absolute r i s k .  

1 8. Calcu la te  t h e  absolute r i s k  o f  death per year due t o  cancer i n  
t h e  U.S. 

1 C. Def ine r e l a t i v e  r i s k .  

2  D. Ca lcu la te  t h e  r e l a t i v e  r i s k  o f  death due t o  cancer f o r  a  radia-  
t i o n  worker w i t h  a  l i f e t i m e  whole-body r a d i a t i o n  equ iva lent  dose 
o f  35 rem. 
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You are  t h e  hea l th  physics consu l tan t  re ta ined  by a f i r m  p lanning t o  develop 
and operate a low-level r a d i o a c t i v e  waste disposal f a c i l  i t y .  I n  a d d i t i o n  
t o  t h e  shallow land b u r i a l  operation, t h e  f a c i l  i t y  w i l l  a l so  inc lude some 
waste processing operations8 such as an i n c i n e r a t o r *  compactor o r  o ther  
s ta te-o f - the-ar t  systems. 

Discuss t h e  c l ima t i c8  geographic and demographic c h a r a c t e r i s t i c s  
t o  be considered i n  s i t i n g  such a f a c i l i t y .  

Discuss t h e  preoperat ional  environmental data necessary t o  
support t h e  l i c e n s i n g  and design e f f o r t 8  t h e  moni to r ing  program 
requ i red t o  ob ta in  t h i s  information, and how long i t would 
take  t o  c o l l e c t .  

Discuss t h e  r o u t i n e  environmental mon i to r ing  program necessary 
once opera t ion  begins t o  evaluate t h e  impact o f  t h e  proposed 
operat ions on t h e  environment. 



S i g n i f i c a n t  concentrat ions o f  radon and i t s  daughter products i n  t h e  home 
a i r  have recen t l y  been i d e n t i f i e d  as a hea l th  concern. As a hea l th  phys i c i s t .  
you may be asked t o  sample f o r  and q u a n t i f y  radon and i t s  daughter products. 

WINTS 

1 A. Def ine  t h e  Working Level (WL) which i s  t h e  specia l  u n i t  used 
t o  descr ibe a i rborne concentrat ions o f  radon daughters. 

1 B. Def ine t h e  Working Level month (WLM) which i s  t h e  specia l  u n i t  
used t o  descr ibe cumulat ive exposure t o  radon daughters. 

1 C. What i s  t h e  drawback o f  us ing t h e  Working Level month (WLM) i n  
assessing o r  es t imat ing  t h e  dose t o  t h e  lung? 

2 D. What i s  t h e  d i f f e rence  between t h e  specia l  u n i t  f o r  radon 
daughter concentrat ion discussed i n  Question A and t h e  a c t i v i t y  
concent ra t ion  l i m i t  ( t y p i c a l l y  c a l l e d  MPC) discussed i n  
ICRP-2? 

E. Estimate t h e  l ung  dose equ iva lent  received by a uranium miner 
who sus ta ins  a cumulat ive annual exposure o f  4 WLM; compare 
t h i s  est imate w i t h  t h e  annual l ung  dose l i m i t  spec i f i ed  i n  
ICRP 2. 

F. What i s  a method o r  technique f o r  es t imat ing  long-term radon 
concentrat ions? 

G. Two grab-sample methods used t o  determine radon daughter con- 
cen t ra t i ons  are t h e  Kusnetz method and t h e  Tsivoglou method. 
How i s  t h e  sample c o l l e c t e d  i n  each method? Which o f  t h e  two 
methods would you use t o  make accurate indoor radon daughter 
measurements and why? 



A p a t i e n t  t r e a t e d  f o r  a  spec ia l  t h y r o i d  c o n d i t i o n  received an o r a l  dose of 90 
mCi o f  iodine-131 i n  a  hosp i ta l  i n  L o u i s v i l l e ,  Kentucky. The f o l l o w i n g  day 
t h e  p a t i e n t  was discharged t o  j o i n  h i s  fam i l y  i n  New York C i t y .  Because of 
t h e  A i r  T r a f f i c  C o n t r o l l e r s  St r ike ,  he took  a  p u b l i c  t ranspor ta t i on  bus and 
reached h i s  des t i na t i on  18 hours l a t e r .  The passenger seated next  t o  him f o r  
the  e n t i r e  t r i p  was a  pregnant woman. Assume t h e  iodine-131 a c t i v i t y  i n  t h e  
t h y r o i d  gland o f  t h e  p a t i e n t  t o  be a  p o i n t  source and t h e  distance between 
the  t h y r o i d  gland conta in ing  iodine-131 and t h e  f e t u s  t o  be 30 inches. 

Points 

2 A. What i s  t h e  iodine-131 body burden i n  t h e  p a t i e n t ?  What con- 
s i d e r a t i o n ( ~ )  should be g iven f n  d ischarging t h e  p a t i e n t ?  

B. L i s t  two r a d i a t i o n  precaut ions o r  i n s t r u c t i o n s  t h a t  should be 
given t o  t h e  p a t i e n t  upon re lease from t h e  hosp i ta l .  

C. Ca lcu la te  t h e  r a d i a t i o n  exposure t o  t h e  fe tus  assuming no 
a t tenua t ion  o f  t h e  gamma photons between t h e  source and t h e  
t a r g e t ?  

D. What i s  t h e  guidance o f  t h e  NCRP w i t h  regard t o  r a d i a t i o n  
exposure t o  t h e  fe tus?  

E .  Estimate t h e  r a d i a t i o n  dose t o  t h e  t h y r o i d  gland o f  t h e  p a t i e n t ?  

GIYEN 

Physical 

B i  01 og i  c  

h a l f - l i f e  o f  iodine0131 = 8.0 days 

a1 ha l f - t ime  o f  iodine-131 i n  t h e  t h y r o i d  g l  and = 13.2 days 

Spec i f i c  Gamma-ray Constant o f  i o d i n e - U 1  T = 2.2 x  l o 3  R cm2/ci h r  

24-hour uptake i n  t h e  t h y r o i d  gland a t  t h e  t ime o f  discharge = 30% 

Assume instantaneous uptake and uni form d i s t r i b u t i o n  o f  t h e  a c t i v i t y  i n  t h e  
t h y r o i d  gland and t h a t  i t  i s  e l im inated exponent ia l l y  w i t h  a  s i n g l e  e f f e c t i v e  
ha1 f-t ime. 

Dose t o  t h e  t h y r o i d  land per pCi-hr o f  cumulat ive a c t i v i t y  i n  t h e  t h y r o i d  
gland, 5 = 2.2 x  lo-' rads. 



You are t h e  RSO i n  a l a r g e  u n i v e r s i t y  where i n v e s t i g a t o r s  use many r a d i o i -  
sotopes. Three radiochemicals o f  concern are inorgan ic  P-32, NaI-125 t o  l a b e l  
b i o l o g i c a l  compounds and t r i t i a t e d  water (HTO). A l l  are used i n  m i l l i c u r i e  
quan t i t i es .  

Paints 

5 A. I n  each o f  t h e  f o l l o w i n g  categories, assess t h e  r e l a t i v e  hazards 
o f  these t h r e e  radiochemicals by i n d i c a t i n g  i n  each case: 

High 
Moderate 
Low 
Not appl i cab l  e 

Skin Dose P o t e n t i a l  
Bioassay Requirement 
Eye Hazard 
Personnel Dosimetry Requi rement 
A i r  Sampl i ng Requirement 

B. Discuss how you would s h i e l d  10 mCi phosphorus-32 i n  terms o f  
choice o f  s h i e l d i n g  ma te r ia l  t o  p r o t e c t  t h e  t o r s o  when working 
on a benchtop w i t h  phosphorus-32 f o r  3 hr/wk. J u s t i f y  your 
choice o f  s h i e l d i n g  ma te r ia l  and th ickness requ i red  t o  p r o t e c t  
t h e  body. 

C. I f  t h e  a c t i v i t y  o f  phosphorus-32 being handled i s  increased t o  
100 m C i r  why does t h e  sh ie ld ing  th ickness remain t h e  same? 

D. Describe how you would handle phosphorus-32 radwaste given t h e  
economic cons t ra in ts  o f  a reduced RSO budget f o r  f i s c a l  year 
1985. Be s p e c i f i c .  

E. A researcher asks f o r  your advice on whether he should take 
p r o p h y l a c t i c a l l y  100 mg of potassium i o d i d e  before  i o d i n a t i n g  
p r o t e i n s  w i t h  2 mCi iodine-125. What would you advise? L i s t  
two reasons f o r  your decision. 

F. You wipe t e s t  an area where hydrogen-3 and iodine-125 a re  both 
used. I f  you could on ly  a f f o r d  one instrument t o  detec t  t h i s  
mixed contamination, what would it be? Explain. 



There i s  a debate c u r r e n t l y  going on among some hea l th  p h y s i c i s t s  
over t h e  quest ion o f  how t o  assign dose l i m i t s :  on an annual o r  on 
a committed dose basis. 

2 A. B r i e f l y  descr ibe t h e  d i f f e rences  between t h e  two systems o f  
assigning dose and cont ro ls .  

4 B. B r i e f l y  descr ibe two b e n e f i t s  o f  each system o f  accounting f o r  
and c o n t r o l l i n g  dose. 

4 C. B r i e f l y  describe two problems o f  each system o f  accounting f o r  
and c o n t r o l l i n g  dose. 

Use an o u t l i n e  format as shown below o r  b r i e f  paragraphs t o  prepare 
your answers. 

Basic Di f ferences:  

ANNUAL 

Advantages: 

1) 

COMMITTED 

Probl ems: 

1) 



!l!EmLu 
You are  t h e  Heal th P h y s i c i s t  p rov id ing  hea l th  physics coverage f o r  a  radwaste 
shipment from an opera t ing  BWR nuclear  power s ta t i on .  You have 1 l i n e r  con- 
t a i n i n g  25 cubic f e e t  o f  resin, s o l i d i f i e d  i n  cement, 3000 pounds n e t  weight, 
t o  ship. The r a d i a t i o n  l e v e l  a t  1 f o o t  from t h e  unshielded l i n e r  i s  10 Rlhr .  

You w i l l  p lace t h e  l i n e r  i n s i d e  o f  1 o f  2  a v a i l a b l e  sh ipp ing casks: Cask A 
o r  Cask B. Cask A, a  DOT-cert i f ied Type A cask, has 5 cm o f  lead sh ie ld ing ;  
Cask B, a  DOT-cert i f ied Type B  cask, has 10 cm o f  lead shie ld ing.  The cask 
selected w i l l  be shipped on an exc lus ive  use, unenclosed, f l a t b e d  t r a i l e r .  

Radiochemistry has analyzed t h e  resin, w i t h  t h e  f o l l o w i n g  r e s u l t s :  

Concentrat ion ( p ~ i / c d  : 

The LSA concentrat ion l i m i t s  are  shown below: 

LSA Concentrat ion L i m i t  (mCi/g) : % 
0.3 

Points 

2  A. What i s  t h e  a c t i v i t y  o f  each radionucl  i d e  t o  be shipped i n  C i ?  

2  B. Can t h i s  be an LSA shipment? J u s t i f y  your answer w i t h  
ca l cu la t i ons .  

2 C. What would be t h e  t ransmi t ted  gamma dose r a t e  a t  t h e  e x t e r i o r  
w a l l  o f  each cask i f  used f o r  t h e  r e s i n ?  Show a l l  ca lcu la t ions .  

2  D. Are t h e r e  any DOT r a d i a t i o n  l e v e l  r e s t r i c t i o n s  which apply t o  
t h i s  shipment? I f  SO, spec i f y  t h e  app l i cab le  r e s t r i c t i o n ( s ) .  

2 E. As a  f i n a l  check, you take a  gamma r a d i a t i o n  l e v e l  measurement 
a t  t h e  cask e x t e r i o r  wal l ,  w i t h  % mR/hr as t h e  r e s u l t .  What 
i s  t h e  s ign i f i cance,  i f  any, o f  t h i s  measurement? What act ions, 
i f  any, should be taken? 

GIVEN 

1 f t 3  = 2.8 lo4 cd 
1 l b  = 454 g  
Densi ty  o f  lead = 11.34 g / c d  
Mass a t tenua t ion  c o e f f i c i e n t  f o r  1 MeV gamma i n  l ead  = 0.0708 cm2/g 
Assume 1 gamma per d i s i n t e g r a t i o n  w i t h  1 MeV average energy. 
Assume bui ldup fac to r ,  B, f o r  5 cm o f  l ead  a t  1 MeV gamma = 2. 
Assume bu i ldup fac tor ,  B, f o r  10 cm o f  lead a t  1 MeV gamma = 3. 
Assume distance from outs ide  o f  r e s i n  l f n e r  t o  ou ts ide  o f  sh ipp ing cask (through 

t h e  sh ie ld ing )  t o  be 1 ft. 
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A beamline i s  being s e t  up t o  use photons from a t h i c k  t a r g e t  i n  a s c a t t e r i n g  
experiment. The photon beam i s  produced by a 100 MeV e lec t ron  beam s t r i k i n g  
a t a r g e t  as shown i n  t h e  sketch below. The beamline components are  i n te r locked  
so on ly  a photon and neutron beam can enter  t h e  experimental area. The sh i -  
e l d i n g  a t  wide angles i s  adequate. Use t h e  in format ion  given below t o  answer 
t h e  f o l l o w i n g  questions. S ta te  any assumptions. 

t h i c k  magnet I 
t a r g e t  

photon beam 

r- 
experiment 

Points 

4 A. 

2 B. 

sh ie ld ing  

Ca lcu la te  t h e  unshielded photon and neutron dose r a t e  a t  p o i n t  
A 30 meters from t h e  ta rge t .  

Ca lcu la te  t h e  photon and neutron dose r a t e  a t  p o i n t  A a f t e r  
t h e  a a a l t i o n  o f  one (1) meter o f  concrete. 

Ca lcu la te  t h e  concrete s h i e l d  th ickness requ i red  t o  reduce t h e  
combined dose r a t e  a t  p o i n t  A t o  100 mrerdhr. 

An area moni to r ing  system using GM detec tors  i s  proposed t o  
moni tor  t h e  dose r a t e  a f t e r  t h e  concrete sh ie ld .  Give your 
reason f o r  accepting o r  r e j e c t i n g  t h i s  area moni to r ing  system. 

Po in t  A 

X d 



GIVEN 

Beam parameters: E lec t ron  beam energy = 100 MeV 
Peak c u r r e n t  = 5 mamp 
Pul se du ra t i on  = 2 microseconds 
Pulse r a t e  = 100 pulses/sec 

4 rad  m 2 
D (photons) zero degrees = 3 x 10 Eo - 

kW h r  

Neutron y i e l d  (Giant  Resonance) = 1 x 1 0 ' ~  n/sec 

kW 

N L  f o r  photons i n  concrete = 140 g/cm2 
TVL f o r  GR neutrons i n  concrete = 100 g/cm2 

5 
2 F lux  t o  dose r a t e  conversion f o  GR neutrons = 8 n/cm sec = one (1) m r d h r  

Densi ty  o f  concrete = 2.35 g/cm 
1 eV amp = 1 w a t t  




