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. . 
Occupa t iona l  r a d i a t i o n  exposures  a 6  HTGR p l a n t s  were  compared w i t h  

t h o s e  a t  t y p i c a l  LWR f a c i l i t i e s .  A c t u a l  man-rem a c ~ u m u l a t i ~ n s  a t  t h e  

Peach Bottom 1 HTGR and a t  t h e  F ~ r t  S t .  Vra ln  HTGR have been s u b s t a n t i a l l y  

lower t h a n  t h o s e  a t  LWRs w l t h  s i m i l a r l y  r a t e d  powers,  when compared on t h e  

b a s i s  of man-rem/G~ ( e ) y  . 

The expec ted  exposure  r a t e  f o r  3 l a r g e  HTGR s team q y c l e  o r  g a s  t u r b i n e  

u n i t  i s  70 man-rem/GW(e)y, w h i l e  t h e  d e s i g n  b g s i s  i s  180 man-rem/GW(e)y. 

The r e s u l t s  from Peach Bottom and FSV l e n d  c r e d e n c e  t o  t h e s e  p r e d i c -  

t i o n s ,  a s  do t h e  exposures  exper ienced  i n  C02-cooled r e a q t o r s  w i t h  PCRVs. 

The comparable f i g u r e  f o r  a c t u a l  LWR e ~ p e r i e n c e  is  570 man-rem/GW(e)y. 



2.1. TOTAL EXPOSURE 

Numerous reports and articles have appeargd in recent years pointing 

up che increasing problem of occupafional radiafion exposures at LWR plants. 

The most convenient collection of such informat$on, especially for earlier 

data extending back to 1961, is Pohl's article, Ref, 2-1. Fipures 1 through 

6 from this article have been combined,.augmpqted, gnd redrgwp as Figs. 3-1, 

4-1, 5-1, 5-2, and 5-3 of this report. The LWR q~~parisons'which follow 

are based on these figures. 

2.2. REFUELING EXPOSURE 

Information on occupational exposure during LWR refueling is available 

from Ref. 2-2. The actual experienced exposure is %39 man-rem per LWR 

refueling in 1976. Westinghouse has projected an expqsure pf 10.5 man-rem 

for rapid refueling (Ref. 2-3).  



3. PEACH BOTTOM 1 

3.1. TOTAL EXPOSURE 

The Peach Bottom HTGR, o p e r a t e d  by P h i l a d e l p h i a  E l e c t r i c  Company, 

g e n e r a t e d  a  t o t a l  of 1200 GW(e)h of n e t  power d u r i n g  i t s  o p e r a t i n g  l i f e  

of March 3 ,  1966 t o  October 31, 1974 (Ref.  3-1).  

P e r s o n n e l  exposures  d u r i n g  Peach Bottom o p e r a t i o n ,  main tenance ,  and 

r e f u e l i n g  were e x c e p t i o n a l l y  low, a c c o r d i n g  t o  r e c o r d s  of P h i l a d e l p h i a  

E l e c t r i c  h e a l t h  p h y s i c i s t s  (Ref.  3-2). 

Year ly  and cumula t ive  exposure  and power g e n e r a t i o n  d a t a  a r e  l i s t e d  

i n  Tab le  3- 1 . 

S i n c e  t h e  Peach Bottom HTGR produced 40 MW(e) and was a  p r o t o t y p e  

r e a c t o r ,  comparisons a r e  made w i t h  t h e  f o l l o w i n g  e a r l y ,  &ow-power LWRs: 

Big Rock 63 MW(e) 

Humbolt 6  3  

Lacrosse  48 

Exposure d a t a  f o r  t h e s e  LWRs were o b t a i n e d  f rom Ref.:2-1 and a r e  

p l o t t e d  i n  F i g .  3-1, which d e p i c t s  t h e  cumula t ive  o c c u p a t i o n a l  exposures  

f o r  a l l  f o u r  p l a n t s .  The r a t e  of man-rem expo$ure a t . P e a c h  Bottom 1 [ I 8 3  

man-rem/GW(e)y] can be  compared w i t h  t h e  LWR accumula t ion  r a t e  of o v e r  

3.2.  REFUELING EXPOSURE 

No s e p a r a t e  d a t a  a r e  a v a i l a b l e  f o r  peach Bottom r e f u e l i n g  e x p o s u r e s ,  

b u t  t h e  p e r s o n n e l  exposure  i s  e s t i m a t e d  by t h i s  a u t h o r  t o  b e  less t h a n  

1  man-rem p e r  r e f u e l i n g .  



TABLE 3-1 
PEACH BOTTOM HTGR OPEMTING EXPERIENCE 

Year of 
Opera t ion  

1967 

1968 

1969 

1970 

1971 

1972 

1973 

1974 

Cumulative 
Occupational 

Exposure 
[man-rem/~w(e)~] 

176 

188 

188 

176 

182 

186 

183 

N A 

Man-Rem Exposure 
Net power  ene era ti on 

[GW(e)yl 

By Year 

Q3 

Q3 

Q3 

Q3 

Q4 

Q3 

Q3 

N A 

By Year 

0.017 

0.01 5 

0.0157 

0.0163 

0.024 

0.U12 

0.021 

0.0183 

Cumulative 

Q3 

~6 

Q9 

Q12 

$1 6 

~ 1 9  

2 2 

N A 

Cumulative 

0.017 

0.032 

0.048 

0.068 

0.088 

0.102 

0.1205 

0.140 



0.5 ,l.O 

CUMULATIVE ELCCTRICAL ENERGY, GW(e)y 

Fig. 3-1. Cumulative occupational exposures for early, low-power 
nuclear plants 



4. FORT ST. VRAIN 

4.1 .  TOTAL EXPOSURE 

The F o r t  S t .  Vra in  Nuclear  Genera t ing  S t a t i o n  had accumulated 953 

GW(e)h of n e t  power o u t p u t  up t o  t h c  February 8 ,  1979 shiitdown f o r  r e f u e l -  

i n g ,  a c c o r d i n g  t o  r e p o r t s  of P u b l i c  S e r v i c e  Company of Colorado (PSC). Net 

power g e n e r a t i o n  f o r  c a l e n d a r  1977 and 1978 i s  a l s o  a v a i l a b l e  from t h e s e  

r e p o r t s .  

The PSC H e a l t h  P h y s i c s  o f f i c e  m a i n t a i n s  d e t a i l e d  recor 'ds  of p e r s o n n e l  

r a d i a t i o n  exposure ,  i n  compliance w i t h  S t a t e  and F e d e r a l  r e g u l a t i o n s .  Data 

f o r  1977 and 1978 were o b t a i n e d  from D r .  Don Alexander ,  head of PSC H e a l t h  

P h y s i c s .  

I n f o r m a t i o n  needed f o r  a  comparison w i t h  LWR e x p e r i e n c e  i s  summarized 

i n  T a b l e  4-1. 

It i s  b e l i e v e d  a p p r o p r i a t e  t o  compare FSV e x p e r i e n c e  w i t h  t h e  f o l l o w i n g  

T,WRs : e 

Dresden 1  

Ginna 

I n d i a n  P t .  1 

San Onofre 1  

Yankee Rowe 

I n  a d d i t i o n ,  opera t ing  d a t a  f o r  t h e  B r i t i s h  Oldbury GCR p l a n t  (which 

u t i l i z e s  a  PCRV) were  c o l l e c t e d  from Nuclear  Engineer ing  I n t e r n a t i o n a l  

magazine f o r  purposes  of a n  independent  comparison.  The r e s u l t s ,  i n  



TABLE 4-1 
FSV MAN-REM EXPERIENCE 

Personnel 

1377 

946 

5 5 

1 

1978 - 
89 6 

3 4 

0 

Cumulative 

Exposure 

None 

< I 0 0  mrem 

100-250 mrem 

None 

< I 0 0  mrem 

100-250 mrem 

Net Power 
Generation 
[GW(e)yl 

0.0256 

0.0695 

0.0951 

Averaged 
Man-Rem 

0 

2 .75 

0 .175 

2.9 

0 

1 . 7  

0 

1 .7  

4 . 6  

Rate of 
Accumulation 

[man-rem/GW(e)yl 

2 4 

4 8 



Fig .  4-1, show t h a t  t h e  FSV c u r v e  b a r e l y  r i s e s  a b o v e . t h e  z e r o  o r d i n a t e ,  

c l o s e l y  f o l l o w i n g  t h e  e a r l y  o p e r a t i o n a l  e x p e r i e n c e  a t  Oldbury and San 

Onofre.  A l l  t h e  o t h e r  LWRs show up p o o r l y  by comparison.  

4.2.  REFITET,ING EXPOSURE 

The f i r s t  r e f u e l i n g  of t h e  F o r t  S t .  Vra in  HTGR took  p l a c e  tin March 

and A p r i l  1979. During t h e s e  r e f u e l i n g  o p e r a t i o n s ,  numerous gamma d o s e  

r a t e  measurements were made by PSC h e a l t h  p h y s i c i s t s  and by GAC p e r s o n n e l .  

A comparison between measurements and c a l c u l a t i o n s  i s  b e i n g  p repared  f o r  

i s s u a n c e  as a  GA r e p o r t  (Ref.  4-1). 

Most of t h e  r e f u e l i n g  d o s e  rates were  s o  low a s  t o  r e q u i r e  t h e  u s e  

of a microrem meter  by PSC h e a l t h  p h y s i c i s t s .  For i n s t a n c e ,  t h e  a v e r a g e  

dose  r a t e  on t h e  a c c e s s i b l e  s u r f a c e  of t h e  f u e l  h a n d l i n g  machine (FHM) 

when loaded  w i t h  s p e n t  f u e l  was l e s s  t h a n  1  mremlhr. The o n l y  t ime  

p e r s o n n e l  a r e  n e a r  t h e  loaded FHM is  d u r i n g  u n b o l t i n g ,  c r a n e ,  and b o l t i n g  

o p e r a t i o n s ,  abou t  h a l f  an  hour  p e r  f u e l  r e g i o n .  Assuming s i x  p e r s o n n e l  

and s i x  f u e l  r e g i o n s ,  t h e  man-rem exposure  f o r  t h i s  p a r t  of r e f u e l i n g  

would b e  : 

O o 5  = 0.018 man-rem . 
1000 

C o n t r o l  rod d r i v e  (CRD) h a n d l i n g  o p e r a t i o n s  were e q u a l l y  inconsequen- 

t i a l  i n  exposure ,  e x c e p t  f o r  one CRD which had a c t i v a t e d  c l e v i s  p i n s .  I n  

t h i s  c a s e ,  t h e  dose  r a t e  a t  some d i s t a n c e  from t h e  a u x i l i a r y  t r a n s f e r  c a s k  

(ATC) was abou t  4  mremlhr ( i . e . ,  a t  t h e  change a r e a ) .  Hence, i t  i s  p o s s i b l e  

t h a t  a n o t h e r  0.02 man-rem cou ld  have been accumulated i n  moving t h i s  CRD t o  

t h e  s t o r a g e  w e l l s .  

H e a l t h  p h y s i c i s t s  made one-Liine measurements a t  g r e a t e r  e l e v a t i o n s  of 

t h e  F o r t  S t .  Vra in  FHM and ATC, where t h e  s u r f a c e  d o s e  r a t e s  a r e  i n t e n t i o n -  

a l l y  h igher  t h a n  t h o s e  wj . th in  an 8 - f t  h e i g h t  above t h e  r e f u e l i n g  f l o o r .  It 

i s  p o s s i b l e  t h a t  a few t e n t h s  of a man-rem cou ld  have been accumulated by 

t h e s e  h e a l t h  p h y s i c i s t s  i n  t h i s  f a s h i o n .  



3 

'I SAN ONOFRE PWR (436 MWe) 
GlNNA PWR (490 MWe) 

0 INDIAN PT. 1 PWR (285 MWe) 
V DRESDEN 1 BWR (200 MWe) 
A YANKEE ROWE PWR. (175 MWe) 
A OLDBURY GCR (300 MWe PER UNIT)  

FSV HTG R (330 MWe) 

2 

1 

0 
1.5 

CUMULATIVE ELECTRICAL ENERGY, GW(8)y 

Fig. 4-1. Cumulative occupational exposures for medium-power 
nuclear plants 



P u b l i c  S e r v i c e  of Colorado w i l l  i n  due c o u r s e  p u b l i s h  t a b u l a t i o n s  of 

per 'sonnel exposure  d u r i n g  t h e  f i r s t  FSV r e f u e l i n g .  It i s  expec ted  t h a t  t h e  * 
t o t a l  accumulat ion was l e s s  t h a n  0 . 5  man-rem. 

I n  o r d e r  t o  compare t h i s  f i g u r e  w i t h  LWR e x p e r i e n c e ,  i t  shou ld  b e  

remembered t h a t  (1 )  FSV had n o t  exceeded %65% of f u l l  power r a t i n g ,  i . e . ,  

t h e  p l a n t  had been g e n e r a t i n g  abou t  200 MW(e); and (2 )  t h e  s p e n t  f u e l  had 

decayed f o r  a p e r i o d  of 45-60 days .  The 60-day decay t ime  r e d u c e s  t h e  

La140 i n v e n t o r y  i n  t h e  f u e l  b l o c k s  by a  f a c t o r  of 25. 

\\ 

On t h e  o t h e r  hand, i f  t h e  d e s i g n  dose  r a t e  of 10 mremlhr had e x i s t e d  

on t h e  s u r f a c e  of t h e  FHM, somewhat more s t r i n g e n t  a c c e s s  c o n t r o l  and 

p e r s o n n e l  s c h e d u l i n g  measures would have been t aken .  Hence, i t  i s  p r o b a b l e  

t h a t  t h e  r e f u e l i n g  p e r s o n n e l  exposure  under  f u l l  power norrqal o p e r a t i n g  

c o n d i t i o n s  w i l l  be l e s s  t h a n  5  man-rem. T h i s  f i g u r e ,  when s c a l e d  t o  1000 

MW(e), becomes 15 man-rem, s t i l l  c o n s i d e r a b l y  lower t h a n  c u r r e n t  e x p e r i e n c e  

i n  most LWR p l a n t s .  

./; 
P r e l i m i n a r y  i n f o r m a t i o n  o b t a i n e d  th rough  K. R .  Van Howe of S. M. 

S t o l l c r  Corp. i n d i c a t e s  an ac tua l  accumula t ion  of 0.22 man-rem. 



5. LARGE HTGR STEAM CYCLE 

I n f o r m a t i o n  on o c c u p a t i o n a l  exposure  f o r  t h e  Large HTGR-SC was based 

on a  comprehensive s t u d y  of a  900 MW(e) p l a n t  d e s i g n  (Ref.  5-1).  

Only p r e l i m i n a r y  wnrk h a s  been done on a s s e s s i n g  man-rem exposures  

a s s o c i a t e d  w i t h  t h e  Gas Turbine  HTGR. Refe rence  5-2 r e p o r t s  t h a t  t h e  

exposure  f o r  turbomachine removal i s  2.1 man-rem, b u t  no p r e d i c t i o n s  have 

been made r e g a r d i n g  subsequent  decon tamina t ion  and d i sassembly .  U n t i l  

more i n f o r m a t i o n  becomes a v a i l a b l e ,  i t  would b e  expec ted  t h a t  t h e  occupa- 

t i o n a l  exposure  f o r  t h e  GT-HTGR would b e  t h e  same a s  t h a t  f o r  t h e  HTGR-SC. 

Man-rem r e s u l t s  f i r  t h e  HTGR-SC a r e  summarized i n  Tab le  5-1. 

The expec ted  accumula t ion  r a t e  f o r  t h e  LHTGR i s  p l o t t e d  w i t h  r e c e n t  

LWR d a t a  i n  F i g s .  5-1 through 5-3. Also shown i s  i n f o r m a t i o n  on t h e  

B r i t i s h  Wylfa GCR p l a n t  ( u s i n g  a  PCRV), o b t a i n e d  from Nuclear  Engineer ing  h 

I n t e r n a t i o n a l .  

The r e s u l t s  show t h a t  t h e  expec ted  r a t e  of man-rem accumula t ion  i n  

t h e  LHTGR i s  about  a  f a c t o r  of 8 below t h a t  of LWR p l a n t s .  



TABLE 5-1 
MAN-REM PREDICTIONS FOR LHTGR-SC 

* 
From low-level noble gas activity in containment building. 

Type of Operation 

Refueling 

Reactor Operation 
and Surveillance 

NSS Maintenance 
and IS1 

BOP Maintenance 

Special Maintenance 

Rate of Accumulation 

[900 MW(e), 80% 
load factor] 

** 
Assumed; no informa.tion is available from an architect-engineer. 

*** 
Tube plugging every year @ 1.0 man-rem; steam-generator removal every 

10 years @ 1.65 man-rem; circulator removal every 2 years @ 1.0 man-rem. 

Annual Man-Rem Exposure for 900 MW(~) Unit 

Expected 

5.5 

* 
7.0 

10.1 

2 5 . 0 ~ ~  

3 .  2**+: - 
50.8 

50.8 - man-rem 
0.9 x 0.8 - 70 GW(e) y 

Design Basis 

2 0 

20 

20 

5 0 

2 0 
130 

130 - man-rem 
0.9 x 0.8 - 180 GW(e)y 



ROBINSON PWR 

INT BEACH PWR 
7 MWe PER UNIT) 

LHTG R (900 MWe) 
70 MAN-REM/GW(e) 

CUMULATIVE ELECTRICAL ENERGY, GW(e)y 

Fig. 5-1. Cumulative o c c u p a t i o n a l  exposure  f o r  
l a r g e  n u c l e a r  p l a n t s  (Part  1 )  



BWR (1067 MWe PER UNIT)  

PEACH BOTTOM 2 , 3  
BWR (1065 MWe PER UNIT) 

0 HADDAM NECK 

FORT CALHOUN 

A OYSTER CREEK 
BWR (620 MWe) ' 

LHTGR (EXPECTED) 
70  MAN-REM/GW(e)y ------ 

CUMULATIVE ELECTRICAL ENERGY, GW(e)y 

Fig. 5-2. Cumulative occupational exposure for 
' large nuclear pl. .ants (Part 2) 



(775 MWR PER UNI 

(1  100 MWe PER UNIT) 

LHTG R (900 MWe) 
70 MAN-REM/GW(e)Y 

CUMULATIVE ELECTRICAL ENERGY, GW (e)y 

Fig. 5-3. Cumulative occupational exposure for 
large nuclear pl.ants (Part 3)  



6. CONCLUSIONS 

Available data on man-rem exposures of working personnel at nuclear 

plants from Refs. 2-1, 2-2 and elsewhere, clearly indicate that GCRs are 

experiencing less dose accumulation than LWRs. Reactors of the HTGR type, 

both Feach Bottom and Fort St. Vrain, as well as LHTGR designs, fall in 

line with this observation, having man-rem/GW(e)y accumulations about an 

order of magnitude less than LWRs. 
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