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FUNDAMFNTAIS (Answer _all 6 quest ions i n  t h i s  sec t i on )  

QUESTION 1 

You a r e  us ing  chromium-50 a c t i v a t i o n  f o i l s  t o  determine t h e  neut ron f l u x  o f  
a  research reactor.  A 0.1 gram f o i l  was i n  t h e  r e a c t o r  f o r  50 hours. The 
i n i t i a l  gamma count  r a t e  on t h e  f o i l  was 100,000 counts  per  minute when 
removed from t h e  reactor .  

POINTS 

2 A. What i s  t h e  thermal neut ron f l u x  dens i ty  o f  t h e  reac to r?  
(Assume no changes i n  r e a c t o r  power du r i ng  t h e  i r r ad ia t i on . )  

1 B. What i s  t h e  i r r a d i a t i o n  t ime  requ i red  f o r  the .  f o i l  t o  reach 
80% o f  i t s  e q u i l i b r i u m  r a d i o a c t i v i t y ?  

2 C. The f o i l  i s  t o  be s to red  under water. How deep must t h e  
water be t o  reduce t h e  r a d i a t i o n  l e v e l  t o  5% o f  i t s  
unshie lded va lue? (Neglect  bu i ldup.  1 

DATA 

s0cr (n,y I 5 1 ~ r  

'th 5 0 ~ r  

Detector  e f f i c i e n c y  

'water 

320 keV photons(%) 
315 keV e l  ec t rons  

= 10% f o r  320 keV photons 

= 28 days 



You a r e  t h e  H e a l t h  Physics Superv iso r  d i r e c t i n g  a new group of con t rac ted  
decontaminat ion workers. One worker r e p o r t s  he was work ing w i t hou t  
r e s p i r a t o r y  p r o t e c t i o n  i n  an area when t h e  Continuous A i r  Mon i to r  (CAM) 
alarmed. A whole-body count o f  t h e  worker, performed s h o r t l y  a f t e r  t h e  
inc iden t ,  r e v e a l e d  a whol e-body uptake o f  16 yC i  o f  cesium-137. A rev iew 
o f  t h e  worker's pre-employment whole-body count r e v e a l e d  no de tec tab le  
a c t i v i t y  above background. 

POINTS 

1 A. C a l c u l a t e  t h e  e f f e c t i v e  ha1 f -1  i f e  and then, assuming no 
d r a s t i c  measures a re  taken t o  reduce t h i s  burden, how l o n g  
( i n  days) it w i l l  be u n t i l  t h e  t o t a l  body burden decreases 
t o  4 1C i  o f  cesium-137? 

2 B. Cal c u l  a t e  t h e  1 i f e t i m e  who1 e-body dose commitment ( i n  
m i l l i r e m )  f o r  t h i s  in take.  

2 C. L i s t  2 h e a l t h  phys ics f o l  lowup a c t i o n s  t h a t  shoul d be taken 
why they  shou ld  be taken. 

GIVEN 

Physica l  ha1 f - l i f e  = 30  years B i o l o g i c a l  ha1 f -1  i f e  = 70  days 

ZEF(RBE)n = 0 5 9  MeV- redd i  s-rad S = 1.4x10- ' rad/u~i-hr (whole body) 

Worker 

Weight = 100 k g  



QUESTION 3 

You have j u s t  been assigned a new l a b  space. You know t h a t  t h e  p rev ious  
occupant was do ing research us ing  americium-241, t r i t i u m ,  and iodine-125. 
You decide t o  do a survey t o  ensure t h a t  t h e  area i s  n o t  contaminated. You 
t ake  swipes i n  a l l  t h r e e  areas. The gross coun t ing  r e s u l t s  a r e  l i s t e d  
below. Based on t h i s  in format ion,  l i s t  t h e  p o s s i b l e  contaminants, i f  any, 
i n  each o f  t h e  t h r e e  areas and e x p l a i n  your  reasons f o r  l i s t i n g  each 
rad ionuc l  ide. 

POINTS : 1.5 2 1.5 

BKG* Area 1 Area 2 Area 3 
CPM -- C P M  C P M -  C P M -  

Propo r t i ona l  Counter 

( low Vol tage)  0 0 40 0 0 

( h i g h  Vol tage)  6 4 7 4 46 1 5 9 

L i q u i d  S c i n t i l l a t i o n  

T r i  ti um Channel 18 ' 350 65 122 

Carbon-14 Channel 3 4 81 99 3 8 

Phosphorus-32 Channel 37 3 3 9 27 41 

NaI Well Counter 

* BKG = background coun t ing  ra te .  

GXVEN 

I n  your r a d i o l o g i c a l  handbook it l i s t s  t h e  f o l l o w i n g  decay in fo rmat ion :  

3~ - betamax, 18 keV 

2 4 1 ~ m  - alpha, 5.4 MeV; x-ray, 59.9 keV 

1 2 5 ~  - x-ray, 29 keV 



Th i s  problem i n v o l  ves t h e  e v a l  u a t i o n  o f  p o s s i b l e  i n t e r n a l  depos i t i on  from 
two separate inc idents .  I n  t h e  f i r s t  case, a  worker a c c i d e n t l y  en te r s  an 
area w i t h  sur face  and a i r bo rne  contaminat ion w i t h o u t  p r o t e c t i v e  equipment 
and i s  counted immediate ly  upon l e a v i n g  t h e  area i n  a  whole body counter  
(WBC). The r e s u l t s  are: 

I n i  ti a1 count 18 Feb 0800 160 nCi 46 nCi 
C l o t h i n g  change, recount  18 Feb 0830 171 nCi 43 nCi 
Shower, recount  18 Feb 0900 148 nCi 40 nCi 
End o f  s h i f t ,  recount  1 8 F e b  1600 161 nCi 41 nCi 
Fo l  1  owup, recount  19 Feb 1200 132 nCi 38 nCi 
Fol lowup, recount  20 Feb 1020 3 nCi ---- 

Based on t h e  scenar io  descr ibed above and t h e  accompanying data, you a r e  t o  
s e l e c t  t h e  bes t  answer f o r  each o f  t h e  f o l  l ow ing  cond i t ions :  

1 A. The most l i k e l y  exposure scenar io  i s :  

a. i n g e s t i o n  o f  non t ranspor tab le  m a t e r i a l s  w i t h  subsequent 
e l i m i n a t i o n  v i a  u r ine .  

b. i n g e s t i o n  o f  non t ranspor tab le  m a t e r i a l s  and subsequent 
e l i m i n a t i o n  v i a  feces. 

c. i n h a l  a t i o n  o f  non t ranspor tab l  e  m a t e r i a l  s  w i t h  subsequent 
r e t e n t i o n  as descr ibed by ICRP l u n g  models. 

d. i n h a l  a t i o n  o f  s o l  u b l  e  mater i  a1 s  and subsequent 
e l  i m i n a t i o n  v i a  u r ine .  

e. ex te rna l  contaminat ion o f  hands w i t h  subsequent removal. 

1 B. I f  t h e  f o l  lowup count  on 20 Feb had showed 120 nCi 
cobalt-60, what a c t i o n  would have been most appropr ia te?  

a. Cont inue t o  count t h e  sub jec t  t o  e s t a b l i s h  t h e  t r u e  
r e t e n t i o d c l  earance func t ion .  

b. R e s t r i c t  t h e  worker from rad io1  o g i c a l  1  y  c o n t r o l  1  ed areas 
f o r  t h e  ca lendar  quar te r .  

c. Admin is ter  a  b l ock ing  agent such as s t r on t i um l a c t a t e .  

d. Immediately n o t i f y  t h e  appropr ia te  r e g u l a t o r y  agency 
(e.g., NRC). 

e. Perform l ung  1 avage t o  remove deposi ted ma te r i a l .  



QUESTION 4 ( conc l  uded 1 

I n  a  separate inc iden t ,  
another worker i s  e v a l  uated 
f o r  p o s s i b l e  uptake o f  a  
s o l  u b l  e  compound. The accom- 
panying graph represents  h i s  
u r i n a r y  e x c r e t i o n  f o l  l ow ing  
a  s i n g l e  i n t a k e  o f  a  s o l u b l e  
compound o f  s u l  fur-35. For 
each o f  t h e  f o l  1  owing s ta te -  
ments you a r e  t o  s e l e c t  t h e  
s ing1  e  most 1  i k e l  y  
d e s c r i p t o r  . 

I n t a k e  
Excreted I 
Pe rDay  1 

I 

I 
1 

Days A f t e r  I n t a k e  

POINTS 

1 C. The s l ope  and magnitude o f  t h e  f i r s t  component i s  i n f l uenced  
most by the: 

a. i n d i v i d u a l ' s  b rea th i ng  r a t e  and l u n g  func t ion .  
b. t r a n s f e r  o f  r a d i o a c t i v i t y  f rom contaminated sk in .  
c. i n d i v i d u a l ' s  water  i n t a k e  and kidney func t ion .  
d. decay o f  a  r e 1  a t i  v e l  y  shor t -1  i ved rad ionuc l  i de. 
e. c l  earance o f  rad ionuc l  i d e  from t h e  organ o f  concentrat ion.  

D. The s l o p e  and magnitude o f  t h e  second component i s  i n f l  uenced 
most by the: 

a. decay o f  a  re1  a t i  v e l  y  shor t -1  i ved rad ionuc l  ude. 
b. c learance  o f  r a d i o n u c l i d e  from t h e  organ o f  concentrat ion. 
c. t r a n s f e r  o f  r a d i o a c t i v i t y  from contaminated sk in .  
d. i n d i v i d u a l ' s  b rea th i ng  r a t e  and l ung  func t ion .  
e. i n d i v i d u a l ' s  water i n t a k e  and kidney func t ion .  

E. The most accurate es t imate  o f  organ dose from i n t a k e  o f  t h i s  
r a d i o n u c l i d e  can be obta ined from a n a l y s i s  o f :  

a. e x c r e t i o n  c u r v e  changes observed w i t h  programmed changes i n  
w a t e r  intake. 

b. t h e  t ime  a t  which t h e  exc re t i on  cu rve  changes from t h e  
f i r s t  t o  t h e  second component because t h a t  i s  determined by 
t h e  amount deposi ted i n  t h e  organ. 

c. t h e  second component o f  t h e  exc re t i on  c u r v e  because it i s  
i n f  1  uenced 1  ess by i n d i v i d u a l  h a b i t s  and b i o l o g i c a l  
f unc t i on .  

d. t h e  f i r s t  component o f  t h e  e x c r e t i o n  cu rve  because it i s  
i n f l  uenced 1  ess by i n d i v i d u a l  h a b i t s  and b i o l  o g i c a l  
func t ion .  

e. both components o f  t h e  e x c r e t i o n  cu rve  because they con ta in  
a1 1  t h e  ava i  1  a b l e  data. 



Cer ta i n  h o s p i t a l s  a r e  requ i red  t o  have procedures f o r  hand l i ng  v i c t i m s  of 
rad io1  og i  c a l  acc idents .  

POINTS 

2 A. As a  h e a l t h  phys i c i s t ,  what i n f o rma t i on  about t h e  v i c t im ' s  
c o n d i t i o n  shou ld  you p r o v i d e  t o  t h e  h o s p i t a l  s t a f f  f o r  any 
r a d i o l o g i c a l  acc iden t?  L i s t  f ou r  i tems o f  in format ion.  

1 B. What i s  t h e  f i r s t  p r i o r i t y  when hand1 i n g  a  r a d i o l o g i c a l  
acc iden t  v i c t i m  requ i  r i n g  medical care? 

2 C. I f  an acc iden t  v i c t im ' s  dosimeter i n d i c a t e s  25 rad  gamma and 
100 rad  neutron, l i s t  f ou r  a c t i o n s  t h a t  should be taken by t h e  
h e a l t h  p h y s i c i s t  du r i ng  t h e  f i r s t  24 hours t o  a i d  i n  assessing 
t h e  v i c t im ' s  t r u e  exposure. Consider ex te rna l  r a d i a t f  on on1 y. 



QJFSTION 6 

Cesium-138# t h e  shor t -1  i ved p a r t i c u l  a t e  daughter o f  xenon-138~ has a  ha1 f 
l i f e  o f  3 2  minutes. I i s  f und i n  t h e  a i r  o f  a  research r e a c t o r  where i t s  
concen t ra t i on  i s  l x 1 d  C i / 3 .  Assume no i n te r f e rence  from n a t u r a l  l y  
occur ing  r a d i o n u c l i d e s  f o r  t h e  c a l c u l a t i o n s  requ i red  below. 

POINTS 

2 A. A p a r t i c u l a t e  f i l t e r  samples t h e  a i r  a t  a  f l o w  r a t e  o f  3.5 
1  i t e r d m i n u t e .  The c o l  l e c t i o n  e f f i c i e n c y  o f  t h e  f i 1 t e r  i s  90%. 
S t a r t i n g  w i t h  a  f r e s h  f i l t e r ?  what q u a n t i t y  o f  a c t i v i t y  remains 
on t h e  f i 1 t e r  a t  t h e  end o f  a  3 2  minute sampl i n g  per iod?  

1 B. What a c t i  v i t y  o f  ces i  um-138 i s  on t h e  f i 1 t e r  o f  p a r t  A a t  
e q u i l  i brium? 

2  C. What t o t a l  count  o f  t h e  f i l t e r  i n  p a r t  B would be expected f o r  
a  t e n  minute count s t a r t e d  immediately a f t e r  removing t h e  
f i l t e r  from t h e  sampl ing u n i t ?  The coun t ing  e f f i c i e n c y  o f  
t h e  ge iger  counter  system used i s  10%. 



American Board o f  Health Physics 
Examination 30. Par t  I1 

Comprehensive Cer t i f i ca t ion  
June 30, 1986 

SPECIALTY (Answer 4  o f  t h e  s p e c i a l t y  quest ions i n  t h i s  sec t i on )  

You a r e  h i r e d  as a  c o n s u l t a n t  by an a r c h i t e c t u r a l  f i r m  t o  spec i f y  t h e  
s h i e l d i n g  requirements f o r  a  d i agnos t i c  x-ray room Using bas ic  r a d i a t i o n  
p r o t e c t i o n  p r i n c i p l e s  and t h e  data p rov ided  below, you a r e  asked t o  answer 
t h e  f o l l o w i n g  quest ions and t o  c a l c u l a t e  t h e  requ i red  s h i e l d i n g  f o r  t h e  
n o r t h  (housing ches t  casette-pr imary beam) and eas t  (nex t  t o  patho logy l ab -  
secondary b a r r i e r )  w a l l s  o f  t h e  x-ray room. 

POINTS 

What i s  t h e  f r a c t i o n  o f  t h e  i n c i d e n t  r a d i a t i o n  a t  one 
from a  p a t i e n t  f o r  90 s c a t t e r  o f  d i agnos t i c  x-rays? 

meter 

What i s  t h e  1  i m i t  f o r  leakage r a d i a t i o n  from t h e  hous 
d iagnos t i c  x-ray machine? 

i n g  o f  a  

What a r e  t h e  recommendations (as s p e c i f i e d  by t h e  NCRP, e.g., 
r e p o r t  #49) f o r  determin ing t h e  requ i red  b a r r i e r  th ickness  f o r  
t h e  combined e f f e c t s  o f  leakage and sca t t e red  r a d i a t i o n s  f o r  x- 
rays  i n  t h e  d i agnos t i c  energy range? 

Determine t h e  th ickness  o f  t h e  n o r t h  w a l l  (pr imary p r o t e c t i v e  
b a r r i e r )  necessary t o  p r o t e c t  an u n c o n t r o l l e d  area (pedes t r ian  
walkway) 6 f e e t  from t h e  t a r g e t  o f  a  busy 125 kVp d iagnos t i c  
x-ray machine hav ing  a  weekly workload o f  400 mA-min. 

Determine t h e  th ickness  o f  t h e  eas t  w a l l  (secondary p r o t e c t i v e  
b a r r i e r )  necessary t o  p r o t e c t  an uncon t ro l  1  ed area (path01 ogy 
l a b )  5 f e e t  from t h e  t a r g e t  o f  t h e  d i agnos t i c  x-ray machine whose 
ope ra t i ng  parameters a r e  def ined be1 ow. 

GIVEN 

Tube ou tpu t  a t  100 cm: 1.4 R/mA-min (125 kVp) 
Maximum ope ra t i ng  vo l tage :  125 kVp ( s i n g l e  phase) 
Maximum anode heat  load: 1000 heat  un i t s /sec  i n p u t  f o r  cont inuous 

opera t ion  a t  125 kVp 
W = 400 mA-midweek 
U  = 1/10 ( n o r t h  w a l l )  
T  = 1/16 (pedes t r i an  pathway) 

= 1 (patho logy l a b )  
HVL = 0.25 mm Pb f o r  h e a v i l y  f i l t e r e d  125 kVp x-rays 



QUESTION 8 

POINTS 

2 A. Def ine  t h e  term Working Leve l  (WL) and Working Leve l  Month 
(WLM) w i t h  respec t  t o  exposure t o  radon-222 and i t s  daughters. 

2 B. C a l c u l a t e  t h e  WL assoc ia ted w i t h  an indoor  radon-222 
concent ra t ion  o f  4 pCi / l ,  assuming 60% e q u i l i b r i u m  between 
radon-222 and a l l  o f  i t s  daughters. 

2 C. C a l c u l a t e  t h e  annual dose e q u i v a l e n t  t o  t h e  bronchi  a1 e p i t h e l  ium 
and t h e  whole body e f f e c t i v e  dose e q u i v a l e n t  ( i n  rems) f o r  a 
radon daughter concen t ra t ion  o f  0.03 WL. Assume cont inuous 
exposure and t h a t  a dose o f  one WLM i s  e q u i v a l e n t  t o  14 rem. 
(Note: we igh t ing  f a c t o r  f o r  l ung  = 0.12) 

1 D. What i s  t h e  r i s k  o f  f a t a l  cancer, w i t h i n  a f a c t o r  o f  5, based on 
t h a t  v a l u e  ( P a r t  C) I f  you assume a whole body r i s k  f a c t o r  o f  
1.65 x 10-~/rem? 

3 E. B r i e f l y  descr ibe  t h r e e  methods by which indoor  radon-222 
daughter concen t ra t ions  can be reduced i n  r e s i  den t i  a1 d w e l l  i ngs. 



I n  t h e  course o f  your h e a l t h  phys ics d u t i e s  you d i scove r  t h a t  a  10 C i  
po lon ium source be ing  used by a  group o f  exper imenters has been l e a k i n g  
b a d l y  f o r  about two weeks and t h a t  gross contaminat ion has spread w i d e l y  as 
a  r e s u l t .  Discuss t h e  a c t i o n s  you would t a k e  i n  e v a l u a t i n g  and c o r r e c t i n g  
t h i s  apparen t l y  u n c o n t r o l l e d  contaminat ion spread, and i n  a d v i s i n g  your 
management o f  t h e  problem. S ta te  a l l  o f  your assumptions. 

POINTS 

2 

2 

4.5 

0.5 

1 

A. L i s t  t h e  f i r s t  f o u r  a c t i o n s  you woul d  t ake  t o  begin e v a l  u a t i n g  
and c o r r e c t i n g  t h i s  s i t u a t i o n .  

B. On t h e  bas is  o f  your pas t  experience, i d e n t i f y  t h e  f o l l o w i n g  
p e r t i n e n t  parameters w i t h  respec t  t o  t h e  p o s s i b l e  r a d i a t i o n  
hazards from t h i s  source: pr imary mode o f  decay; decay energy 
( t o  neares t  0.5 MeV); ha1 f-1 i f e ;  and hazard type. 

C. I n  t h e  course o f  eva lua t i on ,  you request  measurements f o r  
airborne, removable, and f i x e d  contamination. For each o f  these  
measurements l i s t  t h e  p r e f e r r e d  equipment and l oca t i on (s ) ,  as 
we1 1  as p recau t ions  o r  o t h e r  concerns you would have i n  
e v a l u a t i n g  t h e  in format ion.  Your answer c o u l d  be s t r u c t u r e d  as 
b u l l e t  i tems i n  t a b u l a r  form, as shown i n  t h e  example below. 

D. Fo l  l ow ing  your e v a l  uat ion, 1  i s t  t h e  two areas you woul d 
decontaminate f i r s t  and why. 

E. Last1 y, 1  i s t  f ou r  i tems you woul d  cons ider  essen t i  a1 f o r  
i n c l u s i o n  i n  an acc ident /  i n v e s t i g a t i o n  r e p o r t  f o r  a d v i s i n g  
management o f  t h e  f o l  1 owup e v a l  u a t i  on and c o r r e c t i  ve a c t i o n s  
taken. 

Tabular Format f o r  S o l u t i o n  t o  P a r t  C 

w e m e n  t Method Loca t ions(s )  Concerns 

A i r  

Smears 

Surveys 



A 30  keV photon beam w i t h  4  x  10 l1  photons per  second i s  t o  be used f o r  
angiography. The beam i s  0.5 mm h i gh  by 123 mm wide. The p a t i e n t  i s  
pos i t i oned  i n  a  c h a i r  t h a t  moves v e r t i c a l  l y  through t h e  beam. Use t h e  
i n fo rma t i on  below t o  answer t h e  f o l l o w i n g  questions. 

v / p  f o r  A1 a t  30 keV i s  1.12 ~ m ' / ~ m  

uen/p f o r  A1 a t  30  keV i s  0.87 cm2/gm 

pen/ P f o r  a i r  a t  30 keV i s  0  . l 5  cm2/gm 

 PA^ i s  2.7 gm/cm 3  

Wair i s  34.0 eV/ ion p a i r  = 34.0 joules/coulomb 

POINTS 

3  A. C a l c u l a t e  t h e  beamline exposure r a t e  i n  roentgens per  second. 

3  B. C a l c u l a t e  t h e  t h i ckness  o f  an aluminum beam stopper  t o  reduce 
t h e  exposure r a t e  t o  two mR/hr. The stopper i s  l o c a t e d  be fo re  
t h e  c o l  1  imator. Assume t h e  c o l  1  imator  i s  i n f i n i t e l y  t h i ck .  

2  C. C a l c u l a t e  t h e  p a t i e n t  beam1 i n e  exposure f o r  a  cons tan t  v e r t i c a l  
c h a i r  movement o f  60 mm/sec. 

1 D. Does a  t ransmiss ion  i o n i z a t i o n  chamber l o c a t e d  i n  f r o n t  o f  t h e  
p a t i e n t  p r o v i d e  a  d i r e c t  measurement o f  t h e  sur face  dose? 
Exp 1  a i  n  your answer. 

1 E. L i s t  two parameters t h a t  must be monitored t o  keep t h e  p a t i e n t  
dose below one rad  f o r  a  s i n g l e  procedure. 



An acc iden ta l  c r i t i c a l i t y  occurs w i t h  a b re, unmoderated assembly o f  f u l l y  
enr i ched  uranlum-235, w i t h  a y i e l d  of  10'' f i s s i ons .  For each o f  t h e  
f o l  1 owing statements/questions, s e l  e c t  t h e  bes t  answer based on your 
c a l  c u l  a t i o n s  and/or experience. 

POINTS 

2 A. Assuming a f a s t  neut ron leakage f a c t o r  o f  0.6 and t h a t  an 
opera to r  was l o c a t e d  a t  an unsh ie lded  d is tance  o f  5 meters 
from t h e  excursion, t h e  c a l c u l a t e d  neut ron f l u e n c e  t o  t h e  
opera to r  was: 

2 B. Assumi t h e  same leakage fac to r ,  b u t  a d i f f e r e n t  y i e l d ,  i.e., 
2 x loM f iss 'ons,  a neu ron  dose t o  f 1 uence convers ion  f a c t o r  3 o f  2.43 x rads/n/cm , a qua1 i t y  f a c t o r  o f  10 f o r  neutrons, 
and a neut ron t o  gamma dose e q u i v a l e n t  r a t i o  o f  10, what i s  t h e  
t o t a l  dose e q u i v a l e n t  from prompt r a d i a t i o n  f o r  a person 5 
meters f rom t h e  c r i t i c a l  i t y ?  

a. 27 rem 
b. 45 rem 
c. 245 rem 
d. 578 rem 
e. 101 rem 

I n  another f a c i l  i t y  a t  t h e  same s i t e ,  a bare lolo n/sec c a l  i fornium-252 
source i s  be ing used f r e e  i n  a i r  f o r  ins t rument  c a l i b r a t i o n  25 hr/week. 
The source i s  s t o red  i n  a d ry  we1 1 i n  t h e  f l o o r  when n o t  i n  use. The 
f a c i l  i t y  i s  a th in -wa l  l e d  b u i l d i n g  we1 1 away f rom o t h e r  bu i l d i ngs .  The 
dose convers ion  f o r  a standard bare  source c o n f i g u r a t i o n  i s :  

9.54 x wr2 m r e d h  per n/cm2/sec 

where Q i s  expressed i n  neutrons/sec and r i n  cent imeters.  



QUESTION 11 (concluded) 

POINTS 

2 C. What d is tance  bes t  approximates where a h i gh  r a d i a t i o n  area 
c o n t r o l  1 i n e  woul d have t o  be e s t a b l  ished? (p rov ide  assumptions) 

2 -D. What d is tance  bes t  approximates where a r a d i a t i o n  area c o n t r o l  
1 i n e  woul d have t o  be e s t a b l  i shed? (p rov ide  assumptions) 

E. Leak t e s t i n g  of t h e  2 5 2 ~ f  source i s  performed by d r y  smearing 
t h e  s torage cup t h e  source normal 1 y r es i des  i n  and immediate1 y 
coun t ing  t h e  smear on a p r o p o r t i o n a l  counter. An e l e v a t e d  
count, e.g., 1 count  i n  t h e  a lpha  channel and 80 counts i n  t h e  
be ta  channel f o r  a 1 minute count, i s  seen on t h e  most recent  
tes t .  Background i s  10 counts i n  t h e  a lpha channel and 200 
counts  i n  t h e  beta channel f o r  a 100 minute count. What i s  t h e  
most 1 i k e l y  exp lana t i on  f o r  t h i s  r e s u l t ?  

a. 4 0 ~  from t h e  concrete 
b. radon daughters 
c. contaminated counter  
d. l e a k i n g  source 
e. a c t i v a t i o n  products  

1 F. When us ing  t h i s  source t o  c a l i b r a t e  neut ron instruments, 
s c a t t e r  o f f  t h e  f l o o r  and b u i l d i n g  w a l l s  can be s i g n i f i c a n t  
i n  a d d i t i o n  t o  t h e  d i r e c t  source f luence. Which o f  t h e  
f o l  1 owing inst ruments would be 1 eas t  a f f e c t e d  by t h i s  e f f e c t ?  

a. a1 bedo neutron moni tor  
b. BF3 dose equ i va len t  meter 
c. t i s s u e  equ i va len t  i o n  chamber 
d. p ro ton  r e c o i l  de tec to r  
e. L i I  based Bonner sphere s e t  



Dur ing a r o u t i n e  screening o f  l a p e l  mon i to rs  worn by process operators,  one 
a i r  sample count  stands o u t  as s i g n i f i c a n t .  The i so tope  i s  iodine-125. 
The exposure i s  t o  an i n d i v i d u a l  who had recent1 y worked w i t h  a vessel  
con ta in i ng  iodine-125 produced i n  a research r e a c t o r  i r r a d i a t i o n  process. 
The i so tope  became a i r bo rne  sometime du r i ng  t h e  workday, b u t  t h e  du ra t i on  
o f  t h e  exposure and t h e  a i r  concen t ra t ion  a re  n o t  known. 

An assumption i s  made o f  a 30  r e d y e a r  e q u i l i b r i u m  dose r a t e  t o  t h e  t h y r o i d  
r e s u l t i n g  from cont inuous occupat ional  exposure t o  t h e  MPC f o r  f o r t y  hours 
each week. 

POINTS 

2 A. What i s  your  es t imate  o f  t h e  number o f  MPC-hours o f  exposure t o  
t h i s  process opera to r?  

1 B. What i s  t h e  t o t a l  q u a n t i t y  o f  iodine-125 t h a t  w i l l  be taken up 
by t h e  operator 's t h y r o i d  i f  no b l o c k i n g  agent i s  admin is tered? 

1 C. What i s  t h e  t h y r o i d  dose commitment t o  t h e  opera to r  based on t h e  
r e s u l t  f rom p a r t  B? 

D. A grab a i r  sampler i s  l a t e r  used t o  assess t h e  iodine-125 a i r  
concen t ra t i on  i n  t h e  v i c i n i t y  o f  t h e  p roduc t ion  apparatus where 
o rgan ic  r a d i o i o d i n e  compounds a r e  suspected t o  be present. The 
sampl ing medium i s  a t r e a t e d  carbon c a r t r i d g e  f i l t e r  w i t h  an 
open face c ross  sec t i ona l  area o f  seven square inches and a one- 
ha1 f i nch  t h i c k  carbon bed. F l  ow r a t e s  o f  e i t h e r  2 o r  0.1 cfm 
a r e  a v a i l a b l e  on t h e  a i r  sampler. Which f l o w  r a t e  should be 
used t o  e f f e c t i v e l y  sample f o r  o rgan ic  r a d i o i o d i n e ?  Defend your  
choice. 

4 E. Suppose a worker i s  exposed con t i nuous l y  t o  t h e  iodine-125 
maximum pe rm iss ib l e  concen t ra t ion  f o r  each hour he works. What 
w i l l  be t h e  e q u i l i b r i u m  q u a n t i t y  o f  t h e  i so tope  which 
accumulates i n  h i s  t h y r o i d ?  (Assume e i g h t  hours o f  work per  
day, f i v e  days per  week, and f i f t y - t w o  weeks per  year.) 

GIVEN ( a l l  r e l a t i v e  t o  iodine-1251 

Quant i t y  c o l  l e c t e d  on 1 ape1 moni tor  f i 1 t e r :  60 uCi 
Sampl i n g  f l ow  r a t e :  2 L/min 
F i l t e r  c o l l e c t i o n  e f f i c i e n c y :  100% 
A i  r vo l  ume breathed by opera to r  i n  an e i g h t  hour workday: l o 7  cm3 
F r a c t i o n  i haled h a t  i s  taken up by t h e  t h y r o i d :  0.23 
MPC: sxlO-'uCi/cm 3 
Physica l  ha1 f 1 i f e :  60 days 
B i o l o g i c a l  ha1 f 1 i fe :  138 days 



I n  t h i s  p rob l  emr you a r e  g i v e n  seve ra l  d i f f e r e n t  s i t u a t i o n s  w i t h  respect  t o  
s h i e l d i n g  o f  n u c l e a r  r ad ia t i on .  For each o f  t h e  s i t u a t i o n s  posed, you a r e  
t o  s e l e c t  t h e  bes t  choice o f  those a1 t e r n a t i  ves g i v e n  (1 j o i n t  &I. 

The f o l l o w i n g  f i g u r e  g i v e s  mass a t t enua t i on  c o e f f i c i e n t s  f o r  a  p a r t i c u l a r  
s h i e l  d ing  ma te r i a l .  

MeV 

Mass A t t e n u a t i o n  C o e f f i c i e n t s  for Gamma Rays 

Th i s  m a t e r i a l  i s  most t r anspa ren t  t o  photons w i t h  which energy? 

a. approx imate ly  0.1 MeV 
b. around 1 MeV 
c. g rea te r  than  10 MeV 
d. near 0.01 MeV 
e. energy g rea te r  than  100 MeV 

The t o t a l  mass a t t enua t i on  c o e f f i c i e n t  f o r  t h i s  mater i  a1 a t  10 MeV i s :  

2 a. approx imate ly  0.005 cm /g  
b. s l i g h t l y  l e s s  than 9.01 cm2Ig 
c. g rea te r  than  0.1 cm / g  
d .  much l e s s  than  0.001 cmZ/g 
e. between 0.01 and 0.1 cmZ/g 



QUESTION 13 (con t inued)  

C. Th i s  s h i e l d i n g  m a t e r i a l  can bes t  be descr ibed as: 

a. an i n e f f e c t i v e  photon sh ie ld .  
b. a  h igh  dens i t y  ma te r i a l .  
c. a  r e l a t i v e l y  h i g h  Z m a t e r i a l  1  i ke lead. 
d. a  poor neut ron sh ie ld .  
e. a  r e l a t i v e l y  low Z m a t e r i a l  l i k e  water. 

When cons t ruc t i on  o f  a  s h i e l d  i s  completed and i s  i n  use, an "as-bui l  t" 
s h i e l  d  survey shoul d  be performed t o  v e r i f y  t h e  s h i e l  d i ng  i n t e g r i t y  and 
adequacy. I n  each o f  t h e  f o l l o w i n g  s i t ua t i ons ,  s e l e c t  t h e  appropr ia te  
survey  inst rument  t o  con f i rm  t h e  adequacy o f  t h e  r e s p e c t i v e  sh ie l d .  

Streaming o f  h igh  energy gammas a t  j o i n t s  i s  1  i k e l y  i n  a  l ead  b r i c k  
w a l l  enc l  os i ng  a  10 C i  cobal  t-60 source. 

a. Ge(Li1 de tec to r  
b. p ropo r t i ona l  counter  
c. NaI de tec to r  
d. i o n  chamber 
e. GM 

A concrete w a l l  i s  used t o  s h i e l d  t h e  coun t ing  room a t  an opera t ing  
nuc lea r  power s t a t i o n  from t h e  r e a c t o r  and ope ra t i ng  systems. 

a. gas p ropo r t i ona l  counter  
b. NaI  de tec to r  
c. Ge(L i )  de tec to r  
d. GM 
e. BF3 de tec to r  

A poured concre te  w a l l  enc los ing  a  h igh i n t e n s i t y  gamma source f o r  a  
r a d i a t i o n  damage labora to ry .  

a. i o n  chamber 
b. Ge(Li  1 de tec to r  
c. gas p ropo r t i ona l  counter  
d. NaI  de tec to r  
e. GM 

A composite pea g rave l ,  s t e e l  and water s h i e l d  f o r  enc los ing  a  
t r ansu ran i c  n u c l i d e  process ing operat ion.  

a*  BF3 de tec to r  
b. NaI  de tec to r  
c. Ge(Li1 de tec to r  
d. rem meter 
e. GM 



QUESTION 13 (concluded) 

H. A c o b a l t 4 0  source has a  measured r a d i a t i o n  l e v e l  o f  200 mR/hr a t  t h r e e  
f e e t  f rom i t s  center. What i s  t h e  a c t i v i t y  o f  t h i s  source? 

I.  A l e a d  s h i e l d  i s  t o  be f a b r i c a t e d  t o  s t o r e  an 0.2 C i  coba l t -60  source 
such t h a t  t h e  exposure r a t e  does n o t  exceed 5  mWhr a t  25 cm f r y n  t h e  
source. The mass a t t enua t i on  c o e f f i c i e n t  f o r  1  ead i s  0.0595 cm / g  a t  
t h e  energ ies o f  c o b a l t - 6 0  gamma rays. Neg lec t i ng  bu i ldup,  what t h i c k -  
ness of  l e a d  w i l l  be requ i red?  

J. The b u i l d u p  f a c t o r u s e d  i n s h i e l d i n g c a l c u l a t i o n s i s ~ a d i r e c t  
f u n c t i o n  o f  which o f  t h e  f o l l o w i n g  parameters? 4 

a. s h i e l d  th ickness  
b. source a c t i v i t y  
c. gamma-ray energy 
d. source geometry 
e. s h i e l d  m a t e r i a l  




