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T I T L E  

Radia t ion  Level s  During Operat ion 

SUMMARY . 

R E P O R T  N O  

LTR 129-12 

For fu l l - power  operation,,the f o u r  major sources o f  r a d i a t i o n  are:  

(1 ) Neutrons and gamma rays  pene t ra t i ng  t h e  s ides o f  t h e  s h i e l d  

tank 

' (2) Nitrogen-16 a c t i v i t y  i n  t h e  pr imary coo lant  

( 3 )  Radia t ion  leakage up and down t h e  space between t h e  r e a c t o r  

vessel and s h i e l d . t a n k  and s c a t t e r i n g  t o  access ib le  areas 

( 4 )  Gamma rays from i n e l a s t i c  s c a t t e r i n g  o f  f a s t  neutrons i n  the  

core. 

These f o u r  sources a r e  d i  scussed, and c a l c u l a t e d  r a d i a t i o n  1 eve1 s i n  impor tant  
i 

areas a re  g iven i n  th is .LTR. 

Th is  .LTR i s  issued t o  ensure t h e  contents, o r i g i n a l l y  an appendix t o  

SDD 1.2.9, a re  r e t a i n e d  f o r  reference. 



(1) Neutrons and gamma r a y s  p e n e t r a t i n g '  t h e  s i d e s  of t h e  s h i e l d  t ank  
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( 2 )  Nitrogen-16 a c t i v i t y  i n  t h e  primary c o o l a n t  
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( 3 )  Radia t ion  l eakage  up and down t h e  space  betwecn t h e  r e a c t o r  v e s s e l  and 
s h i e l d  t ank  and s c a t t e r i n g  t o  a c c e s s i b l e  a r e a s .  

( 4 )  Gamma r a y s  from i n e l a s t i c  s c a t t e r i n g  of f a s t  neu t rons  i n  t h e  core .  

eapy P o  parrnlt tho broadest possible avaik 
ab;ilty* 

. . .  ... 
" RADIATION LEVELS DURING OPERATION 

During n o m a l  full-power o p e r a t i o n  t h e r e  w i l l  be f o u r  major sources  of r a d i a t i o n :  - '-. 

NOTICE 

This report was Prepared as an account of work 
rPon=red by the United Stater Government. Neither the 
United States nor the United States Dcpartmmt of 
E n e r ~ ,  nor any of their employees, nor any their 
contraCtO:S, mbconlractors, or their employees, maker 
any warranfy. express or implied, or a u ~ m e ~  legal 
rmbility or -~on*u iv  rw - accumcy.cornp~etenes 
0: u=fulncm of any information, apparatus, product 
proms duclo=d. or rep==nu that i s  u n  would not 
infringe privately owned "ghu. 

These f o u r  sources  w i l l  be d i scussed  and thp  c a l c u l a t e d  r a d i a t i o n  l e v e l s  i n  
a r e a s  of importance w i l l  b e  given.  

' 
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M R T ~ ~ N S  OF THIS REPORT ARE ILLEGIBLE. I( 
RBC 

A. RADIAL PRIMARY SHIELD 

The r a d i a l  dimensions t h a t  were used I n  t h e  primary s h i e l d  a n a l y s i s  a r e  given 
i n  Table  A-I and i l l u s t r a t e d  on F i g u r e  A-1. 

The neutron s h i e l d  t ank  s i z e  was, t o  some degree ,  e s t a b l i s h e d  by s t r u c t u r a l  

k.4, support  c o n s i d e r a t i o n s  and space  a v a i l a b i l i t y .  Rough upper l i m i t  c a l c u l a t i o n s  
a r e  s u f f i c i e n t  . t o  show t h a t  the .  neu t ron  f l u x  a t  t h e  o u t e r  s u r f  a c e  of t h e  
s h i e l d  tank w i l l  be l e s s  than l o 3  neut/cm2-sec. This  i s  lower than requ i red  
(a)  fro11 . t h e  s t a n d p o i n t  of f a s t  neutron dose  i n  a c c e s s i b l e  a r e a s  dur ing  
r e a c t o r  o p e r a t i o n  and (b) t o  p reven t  a c t i v a t i o n  by thermal neu t rons  i n  the  
r e a c t o r  compartment. 

The SCAMP code['-'] was used to: compute neu t ron  f l u x e s  w i t h i n  t h e  primary 
' s h i e l d .  This  is an Sn t r a n s p o r t  theory code. A four-group S-6 c a l c u l a t i o n  
i n  r a d i a l  geometry was used. ANC N c l e a r  Phys ics  has  made comparisons between 
34-group t r a n s p o r t  c a l c u l a t i o n s [ ~ - ~ Y  and LIDO r e a c t o r  experiments and concluded ., 

t h a t  t h i s  method g i v e s  adequate '  r e s u l t s .  The thermal neutron f l u x  p l o t t e d  i n  
, F i g u r e  A-2 agrees  w i t h  t h e . t h e ~ a 1  f l w .  from t h e  34-group c a l c u l a t i o n  w i t h i n  

' 

5%. The energy ranges  of t h e  f o u r  neutron energy groups a r e  ( a )  Group 1 - 
0.821 M ~ V  t o  10 MeV, (b) Group'2 - 5.53 keV t o  0.821 MeV, (c )  Group 3 - 0.532 . . 

eV t o  5.53 keV, and (d)  Group 4 - 0 to '0 .532  e V .  

(Ince t h e  thermal neutron f l u x  is known, t h e  gamma ray source  s t r e n g t h  due t o  
neutron c a p t u r e  i n  t h e  s t e e l  and wate r  i s  determined us ing t h e  equat ion 
.Sv NO, Y J 

where 

: Sv = :gamma ray  source  s t r e n g t h  (y./cm3-sec) 
)th , =  t h e m i d  neutron ' f l u x  ( n k ~ t / c n ~ - ~ e c )  
N nunbe]: d e n s i t y  of t a r g e t  el,~.m~.nt. (atnm/cm3) 

L t C  = microscopic  c a p t u r e  c roes  s e c t i o n  of t a r g e t  el1:men~ (cm2/atom) 
:; .. y ,= gsmma y i e l d  (y /cap ture ) .  



TABLE A-I' 

I n s ide  Outside 
Radius Rad'ius : hickness 

I tern - .  Mate r i a l  ( in . )  ( i n * )  (in..) 

Core 

Flow ; k i r t  

Water 

Core b a r r e l  

Water 

F i l l e l -  

Water 

Reactor v e s s e l  

'9 . I n s u l a t i o n  and void 

10. Shield tank inne r  w a l l  

11. Shield tank water 

12. S'hield tank . ou t e r  w a l l  

13. Lead sho t  

14. S t e e l  canning p l a t e  

12.1 

12.14 13.8 1.64 

13.8 15.0 I.. 2 

15.0 16.0 1..0 

16.0 17.0 1 .O 

17.0 28.75 11.75 

28.75 29.0 0.25 

29.0 34.5 5.5 

The c ros s  s : c t i o n s  and cap tu re  g m a  y i e l d s  a r e  l i s t e d  i n  Table A-11 .  

TABLE. A - I 1  

CAPTURE CROSS SECTIONS AND GAMMA YIELDS 
- 

(J c Energy Y 
I t e r !  - Mate r i a l  (Barns) (MeV) ( y  /capture)  

1. Water 



- b.li 
-3 in. 

n. steel 
lead shot 
shiel i tank wall 

in. shield tank water 

40.25 R e  

(Ref.) . 

Pig. A-1 R d i a l  material thicknesses 



Fig. A-2 Neutron flux plot .  
, 



L . ,'&w tbb gmpp rap source s t rargth is detsnplined for  the energies of the 
captvr& agllctrum as a function of rad ia l  position. This is used as the 
source term id the QAD.P5A Code which is uaed t o  compute the gamma dose 

i gate. QAD .&a e point k e ~ l  computer code rrad iu described i n  Appendix C ,  
Section A. , 

:)!.. 

i' ' The l a q e , a w u n t  of s t e e l  sbrrounding the LOFT core is an effective gamma 
shiald,. e& @#t core gaamW are. a very small contributor to  the t o t a l  dose 
rate. &*out all of the radiation penetrating the sides of the s h i ~ l d  tank 
is due.4l6 t h i h a l  nenitron capture gnmaee from the steel shield tank inner 
wall, $phitot 'vessel w a l l ,  a d .  the water i n  the shield tank. On Figure A-3, 
fhe d o d : . h t e  due to radiation emerging fronr the sides of the shield tank 
ie plo6@f'ai q funtition of rad ia l  distance from the reactor centerline. 

B ,  W I m - 1 6  ACTIVITY 

The cs1gul;ptIon of the N-$6 epecific ac t iv i ty  in the primary coolant and the 
dose rate '2 rcrr th i s  source is described i n  Attachment 1. Figure A-4 is taken 
from this nhtachrsent and shows the W-ld'doclm r a t e  outside the conta%ment 
veessl, , 

C. BASWIOEf S!IX&WNCI AND SCATTERING 
4 

The glectric Boat (It&) DivisLori of General Dgaem35cs Corporation has calculated 
the radiation streaming in t h e  gap between the reactor vessel and shield bank 
inner wa&l (s*fW) a ~ ~ d  subsequent scattering to  accessible areas. This work 

Lm# is reported in LTR 129-2 d is bclwded' ae Attachment 2. 

Since ihe BB work wae done, change8 have been made i n  the design whie 1 
,reduce', tpq dose rate:  

(1) .The sump cover and euppart grating have been removed 

(2) 'Tbe &in.-thick polyethyl&e top hat has been added above the shield 
tenk ae e h q  i n  Figure 2-1. 

Removing yhe guntp cover removes t h i s  soprce of captute garrna radiation and 
eliwlnatee moat of the dose due t o  neutron and gamma scattering i n  t h i s  
area. Some of the neutrons tha t  would have been reflectec by the sur~p cover 
may scatter out of the sump and eventua$ly t ravel  to  occupied areas. A t  
leaat  on(, adititional e c a t t e r w  is required; however, t h i s  eource i s  expected 
t o  be insignificant. 

~aic&tiolu-. have been made ;o detrrmixpe the effect  of the top hat on the 
doee r#t? &f! the air-coolad condenser and 50 f t  from the reactor vessel 
centetlihe. The do- r a t e  due t o  neutsona paaaing through the top hut 
w i l l  be reduped t o  ae;proxlaS.tely 2 nae$l/hr. Gamma radgation due to  neutron 
capture ip 'the upper presrure vessel (PV) w i l l  be reduced to  2S strepp/hr by 
the top hat. S b c e  there ie .'gap be+en the top hat and the top of the 
shield rank,, t h i s  is another source of neutron flux. The methods outlined 
in'AttachrneZLt 2 were usad to calculate the dose r a t e  due to  neutrons scattering 

'L*IC" d-ard from tl~e inclined pert of the reactor veerel rrnd scattering again 
off the shIe%d tank top. The ~8lcu la tQd dose rate a t  the air-cooled condenrer 

. ,  . , . A  



Distance from r e ~  & t a r  cenParlinc - F e e t  

PS8. 4-3. Gamm dpe rats - pr&mry soorcetg. 



, D ) . s & s p p i - ~  f r -o  9 r t ? * ~ ? o t -  6 -  Fcft. 



is 7.5 nwexelhr. Thw, with ttre ProdifiGJitPaas ghat have be sn made, the doae 
gate  a t  the  air-cool4 codewer due t o  s t d a g  and sca t t  =ring is ae shown 
i n  Table A-111. 

TABU A-I1 I 

DOSE R i i ~  DUE TO STRUMING AND SCATTERING 

Dose Rate 
IC- Radiation ~ i u r c e  Imrem/hr) 

1. Neutron scatter by shield  tamktextenei~n 

2. Capture gammas from STIW exteasion and lower PV 

3. . Neut.ro1u thiorrgb top ha t  

4. Neutronr, rcar te r i sg ,  uadsr top bt 

S .  Capture 8a&aa f ron  upper PV 

The dose r a t e  L ~ P  a function of dietance has been e s t h a t e d  fo r  these sc~urces 
as~ulDiw'  l / r 2  at.tenuatioa. This should be reesonatily accurate for the 
dietcmces inrol~-at#, .and eince t h e  etraaqPing and atcat terfq  doae r a t e  is 
lesa than '20% of the  total, the errot should not Be impoftant. T h e s C  resu l t s  
are plgtted on ]Figure A-5.. 

# D, INELASTIC SCATZWUM6 

f%mefv1tiv8 assrraprions were made t o  &et an upper L W t :  t o  the  gamm daea 
rate from dneleatic scattering.  With th ie  approach, she djose r a t e  was 
calculated for e point 40 f t  frmn the contailaurt  e a t e r l i n e  with no concrete 
a h i d i n s .  SPhe calculated dose rate wag 9 mrem(hr. This compares uith 

'315 mraa/hr f o r  all other primary e o u t c b  a t  thp eaae point. The dose r a t e  
f r a ~  Sm-tic scat ter ing w i l l  be about: the same fract ion of the t o t a l  a t  
o t h a  distccncea. 

The cross section for  i ne l a s t i c  s c a ~ t e r j l n ~  i n  iron has a threshold &t 0.85 
MeV, lncreasea with energy to about 4 He rad is conetant abwe that  energy 

emitted rangfag from 0.12 to  3.52 MeV. 
13 w & t h  a value of 1.4 bemu. ~ o l d ~ ~ t a i b b ~  Ilttt~ energlea for the g a u  rays 

Zuo rirp3ifyiag ssrveptZons were made: 

(1) A c rma  section of 1.4 barn8 was wed fqr a11 the rtautrons In  Group 1 
of the foat-group neutron fl t l~tes p l a t e d  i n  Bfgura A-2 

(2) One .3-i~leV @slaw fa d t t r r d  i n  arch i n e l + ~ t i c  scattering. 





The i i r s t  arsumption is ce r t a in ly  an upper l i m i t .  The f i r s t  energy group 
is a l l  t he  neutrons above 0.821 MeV so  i t  includes everything above the 
threshold. Probably i t  leads  t o  a considerable over-estimate of the 
number of reactions.  A t  2 MeV the  cross sect ion is only about half of the 
assumed value, and a major f r ac t ion  of the  neutrons i n  Group 1 w i l l  be 
below 2 MeV. 

The second assumption is not an absolute upper bound but is  exrected to  
y i e ld  very conservative dose r a t e s .  The gamen~l rays emitt ed ca; not have an 
energr grea te r  than the  i n i t i a l  neutron; therc!fore, many of thi reactions 
w i l l  r e s u l t  in gamma energies much less than 1 MeV. With the 3 arge thickness 
of water and other mater ia l s  i n  the  shield ,  tlle low-energy gamn as  a r e  attenuated 
to a much greater  extent.  

With these consezvative assuinptions, the calculated dose r a t e  rom i n e l a s t i c  
s ca t t e r ing  is 9 nlrem/hr, less than 3% of the :otal. For areas where there  
is concrete shier-ding, the  f r a c t i c n  of the  toza l  dose w i l l  be #men l e s s  
s ince  the energy of the  i n e l a s t i c  sca t te r ing  gammas is re la t iv~2ly  l c w .  

E. TOTAL DOSE RATE I . .  t .  

-+ '  -. ,: -L 
- < 

The da ta  from Figures A-3, A-4, and A-5 have been combined i n  Figure A-6 
t o  give the t o t a l  dose r a t e  outs ide the containment vessel  a s  a function 
05 dis tance.  No c r e d i t  was taken fo r  i t t enua t ion  by equipment. Thus, the 
upper curve i n  Figure A76 may be considered an upper l i m i t ;  i n  most direct ions  
the  dose rate w i l l ,  be  lower. Curves a?e a l so  included t o  show the e f f ec t  of 
2 f t  of concrete. There w i l l  be a 7-ft-high, 2-ft-thick concrete wa.1 
surroundSng the containment vesse l ,  and s ince  most of the radiat ion rourcei 
a r e  a t  a higher elevation,  the wal l  w i l l  be inef fec t ive  as a shield .  

Additional shieldfng is being considered t o  provide access t o  the air-cooltd 
cndenser .  One of t he  p o s s i b i l i t i e s  is t o  extend par t  of the 2-ft-thick 
concrete w a l l  t o  a higher elevation.  I f  t h i s  is done, Figure 4-6 shows 
tha t  the dose r a t e  a t  the  c lo ses t  comer of the air-cooled cotlenser w i l l  be 
1 a h .  Actually, t h i s  is a con,it$erable dverestimate. 3 ~e blowdown 
suppression tank w i l l  be between -n,r ~f the  radiat ion sources and the 
air-cooled condenser and w i l l  provid 3 ef fec t ive  shielding. 

Rqdiation leve ls  i n  t he  various roams of BuildPng TAN-650 a r e  abulated in  
Table A-IV. Occupancy requirements during n o q a l  operation hr le been 
eetubllehed by LOFT Operations Branch and are plso l iated i n  labla A-LV. 
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TA0LE A-IV 

RADIATION LEVELS DURING FULL POWER 
t 

Time of Access Radiation 
Room Occupaqcy Claselfication Level 

Item Number RoamDeecription ( h r / 8 h r )  [a] (=em/hr) 

1. 201 Personnel shielded 0.5 
entrance 

Shielded ves t ibule  

Hallway 

Dressing room 

Shower 

Change room No. 1 

Pipe space 

Personnel a i r lock  No. 1 

Personnel air lock 
shielding room 

12. 211 Piping labyrinth 

13. 212 Vestibule 

14. 2 Conduit tunnel 

15 214 

16 215 Teet'chamber 

+7. 217 Cable t r ay  space 

18. 218 Preamp equipment room 8.0 

.,-m. <:-: 
20. 222 IiV duct labyrinth - -r:. . * 

--. 7 

E 
. . cr 

21. 224 ~ l ~ ~ c t r t c a l  equipment roan 2.0 

22 225 Air-condi tloning equ Lp- 2.0 
m-1: t- 



. . 

TABLE A-I'V (contd.)  

Time of Access Radiat ion 
Room Occupancy C l a s s i f i c a t i o n  Level 

.I 

Item Number - Room Descr ip t ion  (h r /8  h r )  'a] (mremlhr) 

23. 226 T o i l e t  0.75 . . B 0.31 
4 

- . E 26 24. ' 227. Duct. enc losure  

B-105 Manuever space 1.0 

B-I06 A i r  i n t a k e  0.5 B 

0.5 B B-107 A i r  i n t a k e  0.22 

29. B-201 E l e c t r i c a l  equipment room 2.0 A 0.23 

' 30. B-202 Hallway 1.0 A 0.23 

31. B-203 HV and piping equipment 
. . 

4.0 
room 

34. B-204 S t a i r  No. . 5  0.5 B . 1 . 7  . . 

35. B-205 J a n i t o r  c l o s e t  . . 1.0  B 1 .3  
. . 

36. B-206 Piping l a b y r i n t h  - E 4.2 

37. B-207 Stair No, 6 1.0 C 2.6 

38'. B-208 Equipment access s h a f t  1 .0  

39. B-209 Shielded roadway j 1.0 

B-211 Personnel a i r l o c k  No. 2 

B-212 Cable l a b y r i n t h  

11-213' Sample c o n t r o l  cen te r  

11-214 CSM sample room i 

H-215 Sample room 
,: 

B-216 Locker room 

R-217 Change room 



. . TABLE A-LV (coiitd.) , ' .  

. . Time of Access Radiation 
i .::. Room . Occupancy C l a s s i f i c a t i o n  Level 

Item Number - - Room Descr ip t ion ( h r l 8  hr)  [ a  1 (mr em/hr ) 

47. B-218 Loading a r e a  0.5 B 0.21 

48. B-219 F i l t e r  f an  room 0.5 B 0.19 

49. B-220 F i l t e r  s h i e l d i n g  space - E 0.20 

50. B-221 Corridor 0.5 B 0.20 

51. B-222 . Sample f i l t e r  t r a i n  room . 1.0 B 0.27 

52. B-223 F i l t e r  t r a i n  chamber v a u l t  - E 0.31 

53. B-224 Duct enclosure  0.5 B ' 4.4 

54. B-225 Valve p i t  0.5 B 4.4 

55. B-225A 0.5 B 3.6 

B-226 S ' a i r  No. 9 

B-226A : : a i r  No. 10 

B-227 R ~ i l r o a ' d  door machine room 0.5 

B-228 R. ~ i l r o a d  door enclosure - 
B-229 Railroad door frame . - 
B-230 S1:air No. 1 3  - 
B'-231 Railroad b r idge  enclosure - 

B-233 . Equipment room 1.0 

B-234 Valve access  a i s l e  1.0 

66. B-236 Decontamination equipment 1.0 
room 

67. B-2.38 Void space - E [ d 1 

68. B-239 ECCS equipment room 1.0 A 0.01 

' 69. B-240 S t a i r  No. 15 0.5 A 0.04 

70. B-241 Ai r lock .  0.5 A 0.04 



TABLE A-IV (contd.)  

Time of Access ~ a d i a t i o l ;  
.. Room. . . . . Occupancy . Class i f  i c a t i m  Level  

Item Number - Room Desc r ip t ion  ( h r l 8  h r )  [a] (mr em/ h r  

71. B-242 Vest3bule - - 
72. B-243 Tank w e l l  

0 .5  0.04 . 73.. B-244 S t a i r  No. 14 . .  A 

74. . . Bui ld ing  TAN-630 . 8.0 A 0 .1  

C 310 75. ' . Air-cooled condenser 0 .5 

[a] A = ~ u l i - t i m e  occupancy 
B = Full- t ime access  
C = Limited acces s  
D = Exclusion 
.E = ~ x l u s i o n  by adminis t r .a t ive  c o n t r o l  - no acces s .  

[ b ]  Discussed i n  t h i s  Appendix. ' 
[ c ]  Not determined, depends on a i r  s c a t t e r i n g  from out3 ide .  
[d l  Not determined. 




