
UNCLASSIFIED 
/ 

I 
-. 

i -- 
3 4 4 5 b  0350334 2 

A METHOD FOR THE DISPOSAL OF VOLATILE 

FISSION PRODUCTS FROM AN ACCIDENT IN 

THE OAK RIDGE RESEARCH REACTOR 

F. T. Binford 
T. H. J. Burnett 

CENTRAL RESEARCH LIRRARY 
DOCUMENT COLLECTlON 

LIBRARY LOAN COPY 
DO NOT TRANSFER TO ANOTHER PERSON 

If you wish someone else t o  see this document, 
send in name wi th  document and the library wil l  
arrange a loan. 

on Corporation 

T E N N E S S E E  

1 

- 

NCLASSIFIED 



. 

I 

I 15 Pr inted in USA. P r i ce  cents. Avoi lob le from the 

Of f ice of Technico l  Services 

U. 5. Department of Commerce 

Woshington 25, D. C. 

- L E G A L  NOTICE I 
T h i s  report w a s  prepored a s  an  account of Government sponsored work. 

nor the Commission, nor any person act ing on  behalf of the Commission: 

A. Makes any warranty or representation, express or implied, w i th  respect t o  the occurocy, 

completeness, or usefulness of the information contoined in th is  report, or that the use of  

any informotion, apparatus, method, or process d isc losed in th i s  report moy not in f r inge 

pr ivate ly  owned r ights; or 

Assumes any l i ab i l i t i es  w i th  respect to  the use of, or for damoges resul t ing from the use o f  

any informotion, apparatus, method, or process d isc lased in th is  report. 

As used in the above, "person act ing on beholf of the Commission' '  includes any employee or 

controctor of the Commission to  the extent that such employee or contractor prepares, handles 

OT distr ibutes, or provides occess to, any information pursuant t o  h i s  employment or controct 

w i th  the Commission. 

Neither the United States, 

6. 

'. 



UNCLASSIFIED 

Contract No. W-7405-eng-26 

A METHOD FOR THE DISPOSAL OF VOLATILE FISSION PRODUCTS 

FROM AN ACCIDENT IN THE OAK RIDGE RESEARCH REACTOR 

F. T. Binford 
T. H. J. Burnett 

D A T E  ISSUED 

AUG 2 1956. 

. 
OAK RIDGE NATIONAL LABORATORY 

Operated by 
UNION CARBIDE NUCLEAR COMPANY 

A Division of Union Carbide and Carbon Corporation 
Post Offlce BOX P 

Oak Ridge, Tennessee 

UNCLASSIFIED 

ORNL-2086 





0 RN L-2086 
Engineering 

TID-4500 (11th ed.) 

INTERNAL DlSTRlBUTION 

1. C. E. Center 70. J. A. Lane 
2. Biology Library 71. G. W. Leddicotte 
3. Health Physics Library 72. H. A. Levy 

73. J. R. McWherter 
6. Reactor Experimental 74. J. G. Morgan 

4-5. Central Research Library- 

Engineering Library 75. G. Morris 
7-26. Laboratory Records Department 76. P. M. Reyling 

27. Laboratory Records, ORNL R.C. 77. W. F. Mruk 
28. A. M. Weinberg 
29. L. B. Emlet (K-25) 
30. J. P. Murray (Y-12) 
31. J. A. Swartout 
32. E. H. Taylor 
33. E. D. Shipley 
34. M. L. Nelson 
35. T. A. Arehart 
36. R. J. Beaver 
37. E. S. Bettis 
38. D. S. Billington 

39-48. F. T. Binford 
49. T. H. Blewitt 
50. E. P. Blizard 
51. E. G. Bohlmann 
52. R. B. Briggs 
53. A. R. Brosi 
54. C. D. Cagle 
55. D. W. Cardwell 
56. W. R. Casto 
57. R. A. Charpie 
58. T. E. Cole 
59. J. A. Cox 
60. E. P. Epler 
61. W. R. Gall 
62. J. H. Gibson 
63. J. P. Gil l  
64. H. Grimac 
65. S. H. Hanauer 
66. J. A. Harvey 
67. G. W. Keilholtz 
68. W. C. Koehler 
69. P. Kofmehl 

78. F. H. Neil1 
79. L. C. Oakes 
80. S. W. Peterson 
81. M. E. Ramsey 
82. F. Ring 
83. C. A. Roberts 
84. J. E. Roberts 
85. A. F. Rupp 
86. H. W. Schmitt 
87. A. H. Snell 
88. W. H. Tabor 
89. D. B. Tote 
90. A. W. Tell 
91. E. G. Tirpak 
92. D. B. Trauger 
93. H. L. Watts 
94. J. C. Wilson 
95. C. E. Winters 
96. E. 0. Wollan 
97. W. L. Wright 
98. H. P. Yockey 
99. E. E. Anderson 

100-102. K. Z. Morgan 
103-107. J. C. Hart 
108-117. T. H. J. Burnett 

118. E. G. Struxness 
119. G. S. Hurst 
120. M. J. Skinner 
121. R. R. Dickison 
122. D. D. Cowen 
123. ORNL - Y-12 Technical Library, 

Document Reference Section 

EXTERNAL DISTRIBUTION 

124. R. F. Bacher, California Institute of Technology 
125. Division of Research and Development, AEC, OR0 

126-800. Given distribution as shown in TID-4500 under Engineering category 
(300 copies - OTS) 

DISTRIBUTION PAGE TO BE REMOVED IF REPORT IS GIVEN PUBLIC DISTRIBUTION 

... 
II I 



UNCLASSIFIED 
A METHOD FOR THE DISPOSAL OF VOLATILE FISSION PRODUCTS FROM AN ACCIDENT 

IN THE OAK RIDGE RESEARCH REACTOR 

F. T. Binford T. H. J. Burnett 

ABSTRACT 

The Oak Ridge Research Reactor i s  a fu l l y  enriched, heterogeneous, light-water-moderated 

It i s  designed to  operate at a 

In th i s  paper the maximum credible accident i s  postulated to  b e  tha t  s i tuat ion in wh ich  the 

reactor suffers from a de f ic iency  i n  coo l ing  capaci ty su f f i c ien t  to  cause melt ing o f  the fuel 

elements ond subsequent release in to  the  bu i ld ing  o f  a l l  the vo la t i le  f i ss ion  products. 

It i s  shown that w i th  proper ly engineered vent i lat ing and gas-scrubbing equipment the radio- 

ac t i ve  gas can be disposed o f  in such o way as to prevent harmful exposure t o  persons in the 

surrounding area. 

D i rec t  radiat ion from the large mass o f  gas i n i t i a l l y  present i n  the bu i ld ing  w i l l  be extremely 

intense i n  the immediote v i c i n i t y  o f  the  building. It i s  possible, however, through the use o f  a 

sui table alarm system, t o  evacuate t h i s  area in a time short enough to  prevent ser ious over- 

exposure t o  personnel. 

and -cooled, beryl l ium-ref lected reactor o f  the MTR-BSF type. 
power level  of 20 to 30 megawatts w i th  a thermal-neutron f lux  o f  the order o f  10 14 . 

1. I N T R O D U C T I O N  

One of the more important considerations which 
must be faced when choosing a s i te for a nuclear 
reactor i s  the problem of containment o f  dangerous 
substances which may be released as the result of 
an accident to, or a malfunction of, the machine. 

The type o f  containment required w i l l  vary, de- 
pending, among other things, upon the nature and 
population density of the surrounding area, the 
kind o f  reactor under consideration, the proposed 
operating power level, and the maximum credible 
accident postulated. 

In the fol lowing analysis the containment of 
f ission gases result ing from the maximum credible 
accideht to the Oak Ridge Research Reactor (ORR) 
i s  discussed. Th is  reactor i s  a fu l l y  enriched, 
heterogeneous, I ight-water-moderated and -cooled, 
beryl l ium-reflected reactor of the MTR-BSF type, 
as i l lustrated ill Fig. 1. It i s  designed to oper- 
ate at a power level  of 20 to  30 megawatts (Mw) 
wi th a thermal-neutron f lux of the order o f  10” 
neutrons/cm2* sec. 

2. THE MAXIMUM CREDIBLE A C C I D E N T  

The maximum credible accident i s  taken to be 
the release o f  a l l  volat i le f ission products con- 
tained in  an ORR core which has been operated 
continuously for 39 days at a power level  o f  20 

Mw. These gases are assumed to mix uniformly 
with the air in  the bui lding which houses the 
reactor, and it i s  further assumed that th is  
structure, i l lustrated in  Fig. 2, remains intact 
during and after the accident. The total volume 
of the bui lding and hence of the mixed gases i s  
8 x lo5 ft3. 

I he signif icant nuclides which w i l l  be present, 
together wi th their in i t ia l  act ivi ty, concentration, 
and other pertinent data, are l is ted in Table 1. 

The basis on which the foregoing situation has 
been chosen to be the maximum credible accident 
in the case of the ORR has been discussed else- 
where’ and w i l l  not be considered further at th is  
time. 

-8- 

3. DISPOSAL O F  THE R A D I O A C T I V E  GAS 

Elimination of the air-borne hazard result ing 
from an occurrence such as that described above 
i s  based on the fol lowing assertion: lf air i s  
exhausted from a building at a rate such that al l  
movement of air, other than movement through the 
exhaust s y s t e m ,  i s  into the building, then that 
building i s  “gastight.” 

Now i f  it i s  assumed that such an exhaust sys- 
tem i s  avai lable on the bui lding which houses the 

IF. T. Binford, ORNL-1795 (Secret). 
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Fig. 1. Reactor Structure - Vertical Section of ORNL Research Reactor Building 3042, Oak Ridge 
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TABLE 1. INITIAL P R O P E R T I E S  O F  ,$HE GAS CLOUD 

E . ,  Effect ive Ei’ 
C .  , In i t ia l  

’0 Effective I 

(MeV) 

Decay A .  , Initial 

Concentration* Ci E .  Gamma Energy A .  E .  x 
Energy** 0 1 30 1 

Nuclide Constant 2 c  t i  vi ty 

(hr - l )  (curies x (curies/ft3) W e v )  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

Kr85 

K r87 

Kr88, Rb88 

K r89 

xe133m 

~ e 1 3 3  

Xe135 

Xe135m 

1131 

1132 

1133 

I 134 

1135 

0.159 

0.533 

0.250 

13.08 

0.0 126 

0.0055 

2.67 

0.076 

0.00355 

0.289 

0.033 

0.792 

0.104 

2.724 

4.903 

6.719 

8.354 

0.291 

11.733 

3.269 

11.259 

5.077 

7.99 

11.804 

13.802 

10.714 

0.340 

0.613 

0.840 

1.044 

0.036 

1.467 

0.409 

1.407 

0.635 

0.999 

1.476 

1.725 

1.339 

0.41 2 

2.386 

4.923 

3.377 

0.233 

0.190 

0.520 

0.566 

0.583 

2.706 

1.027 

2.298 

1.456 

0.140 

1.463 

4.136 

3.526 

0.0085 

0.279 

0.213 

0.797 

0.370 

2.70 3 

1.516 

3.964 

1.950 

0.18 

1.088 

2.45 

2.0 

0.05 

0.03 

0.520 

0.262 

0.386 

2.241 

0.60 

1.635 

1.14 

0.49 

5.34 

16.46 

16.7 1 

0.01 

0.35 

1.70 

2.95 

1.96 

17.90 

7.08 

22.50 

12.20 

*Assumed building volume 8 x lo5  ft3. 
* *  Total gamma energy plus one-third maximum beta energy. 

ORR, then th is  bui lding i s  gastight under the 
above definition. The radioactive gas so exhausted 
can be disposed o f  by scrubbing it and then 
di lut ing it wi th large amounts o f  a i r  and passing 
it up one o f  the stacks avai lable in the ORNL 
area. 

The rate at  which gas can be disposed o f  in 
th is  manner w i l l  depend upon the hazard resul t ing 
from the emission o f  the radioactive gas from the 
stack. Control o f  th is  hazard w i l l  dictate the 
maximum rcte o f  exhaust from the building, and 
this, i n  turn, w i l l  determine the type o f  bui lding 
construction required. In effect, the proposal here 
i s  to  replace random, uncontrolled leakage o f  
concentrated gas from the bui ld ing at  the surface 
o f  the ground w i th  control led leakage o f  d i luted 
qas a t  an elevation o f  200 to  250 ft. 

For the purpose o f  i l lustrat ion, the 3039 stack 
a t  the Oak Ridge National Laboratory w i l l  be 
considered. Th is  i s  a 250-ft brick stack through 
which, under normal operating conditions, air i s  
forced at  a rate o f  120,000 cfm. The stack i s  
shown in  Fig. 3. Purdy and Meyers2 have calcu- 

lated that the maximum ground concentration re- 
sul t ing from an emission rate o f  1 curie/min from 
th is  stack occurs at  a wind veloci ty of 1 mph and 
i s  3 x 10” pc per cubic centimeter of air. 

In the treatment which follows, it i s  assumed 
that a suitable f i l ter  i s  placed in  the exhaust 
system so that a l l  part iculate matter w i l l  be re- 
moved and that a scrubber which w i l l  remove 
99.90% of the iodine i s  also incorporated i n  the 
system. The cost of such a scrubber i s  estimated 
to  be $2.00 per cfm o f  t h r ~ u g h p u t . ~  

3.1 The Internal Hazard 

The internal hazard i s  associated only wi th the 
presence o f  the iodine isotopes and the Sr89, 
which decays from Kr89 v ia  RbE9. A total  dose 
o f  25 pc of iodine i s  considered to  be acceptable. 
Th is  i s  somewhat less than the usual tracer dose 

2D. R. Purdy and R. F. Meyers, Calculations for Unit 
E m i s s i o n s  of Air-Borne Contaminants, 1954 (unpub- 
I i shed). 

30. T. Zimmerman and I. Lavine, Chemical Engi- 
neering Costs,  Industrial Research Service, Dover, 
N.H., 1950. 
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of  given for diagnostic  purpose^.^ The 
maximum permissible concentration o f  Sr89 (for 
continuous inhalation) is5 2 x loe8 pc/cc. 

be the in i t ia l  concentration (curies/ft3) 

o f  the j th iodine isotope. Then, i f  P i s  the exhaust 
rate (ft3/min) and V i s  the bui lding volume (ft3), 
the concentration (curies/ft3) of th is  isotope in 
the bui ld ing at  t i m e t  i s  

L e t  C .  
'0 

where t i s  expressed in hours and A .  i s  the decay 
constant (hr- ')  of the j th isotope. The basic 
assumption o f  uniform mixing i s  taken to apply 
throughout the duration o f  the incident. Con- 
sidering the f ive iodine isotopes present, the total 
concentration (curies/ft3) becomes 

I 

The emission rate from the stack, E ( t , P )  (curies/ 
min), i s  just 

(3) E ( t , P )  = P C ( t , P )  

j=5 -(A j+60  P /  V )  t 
= P ci0 e 

1 

Introducing the factor determined by Purdy and 
MeyersI2 the maximum possible ground concen- 
trat ion (pc/cc) o f  the iodine isotopes i n  the un- 
scrubbed gas i s  

(4) G ( t , P )  

where G ( t , P )  i s  expressed in pc/cc. 
Integration o f  Eq. 4 from zero to t and div is ion 

by t y ie ld  the maximum ground concentration 

(pc/cc) averaged over the time t ;  th is  concen- 
trat ion i s  denoted by G ( t , P ) .  

j =5 C .  
- IO 

x 11 - exp [-(hi + 60P/V)t]l . 
The inhalat ion rate for "standard man" i s6  

1.25 x lo6 cc/hr. Thus the total maximum internal 
iodine dose received from breathing th is  concen- 
trat ion G ( t , P )  during the time t becomes 

f 

6 D ( t , P )  = 1.25 x 106G(t ,P)t  , 
where D ( t , P )  i s  the dose expressed in  microcuries. 
Thus 

j =5 c. 
' 0  

X i  + 60P/V 
(7) D ( t , P )  = 0.375P 

1 

x ( 1  - exp [ - (Xi  + 60P/V)t]l . 
The upper l im i t  of th is  maximum dose cannot 
exceed that delivered when both t and P approach 
inf inity. Therefore 

expressed in microcuries. Taking V to  be 8 x lo5 
ft3 and using the values given in  Table 1 for the 
C .  , then 

10 

(9) < 30.7 103 pc . D m a x  = 

Th is  value i s  for the case where no removal of 
the iodine by scrubbing i s  accomplished. If 99.9% 
of  the iodine i s  removed by scrubbing, then the 
upper l im i t  o f  th is  maximum dose becomes 

which exceeds the acceptable dose o f  25 pc by 
about 23%. This  situation obtains only i f  the 
bui lding i s  emptied nearly instantaneously. This, 
o f  course, i s  not contemplated. The relationship 
between the total internal iodine dose and the 
pumping rate i s  i l lustrated i n  Fig. 4. As can be 
seen, i f  the exhaust rate i s  kept below 10,000 cfm 
the total  internal iodine dose w i l l  not exceed 
25 pc. 

The internal hazard associated with KrE9 i s  due 
to  the formation o f  Sra9 by means of the chain 

P' P' P" Kra9- Rb89- Sra9 -Ya9 
2.6 min 15 min 53 day 

4M. Brucer, Oak Ridge Institute o f  Nuclear Studies, 
pri vote communi cation. 

'Bureau of Standards Handbook 52, Maximum Per- 
missible  Amounts o/ Radioisotopes in the Human Body 
and Maximum Permissible Concentrations in Air and 
Water. 

6Recommendations o/ the International Commission on 
Radiological Protection (Rev ised  December 1, 1954); 
published as  Supplement No.  6, Bri t ish Journal o/ 
Radiology, Section C,  Permissible Dose /or  Internal 
Radiation, Table C 1 1 1 .  
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1 1 ,  

01 I O  IO 100 1000 
EXH4UST R4TE (cfm x 4 0 3 1  

Fig. 4. Maximum Internal Iodine Dose vs Building 
Exhaust Rate (Scrubbed Gas). 

Krypton i t se l f  i s  considered to  be unaffected by 
the scrubbing process, although the f i l t rat ion and 
scrubbing might remove some o f  the Rb89 and 
Sr89. T o  be conservative, the Kr89-Sr89 hazard 
i s  calculated as i f  no removal of members o f  the 
chain i s  accomplished. 

The in i t ia l  concentration of Kr89  i s  1.044 
curies/ft3. Th is  w i l l  decay to  

2.6 
53 x 24 x 60 

1.044 = 3.57 x 1 0 " ~  curies/ft3 

o f  Sr89. The maximum possible ground concen- . trat ion (pc/cc) then is 

(11) Gmax = 1.07 x 10""P . 
Thus the maximum permissible concentration of 
2 x loe8 pc/cc i s  never exceeded for exhaust 
rates less than 1870 cfm. For pumping rates 
higher than this, the maximum permissible concen- 
tration may be exceeded for periods o f  2.6 hr or 
less, as i l lustrated in Fig. 5. For example, a t  an 
exhaust rate o f  6000 cfm the in i t ia l  maximum 
ground concentration would exceed the maximum 
permissible level by a factor o f  3.2 and would 
fa l l  exponentially t o  that level in about 2.58 hr. 
During th is  period the average maximum ground 
concentration would exceed the maximum per- 
missible concentration by a factor o f  1.98. 

3.2 The External Hazard 

The external hazard i s  considered to  arise from 
a l l  the isotopes l is ted in Table 1. The iodine 
isotopes are assumed to be reduced in concen- 

UNCLASSIF IED 
ORNL-LR-DWG I2850 

0 1  2 3 4 5 6 7 8 9 1 0  

EXHAUST RATE ( c f m  x { o 3 )  

Fig. 5. Time During Which Maximum Sr89 Concen- 
p / c c  a t  Ground l e v e l  trat ion May Exceed 2 x 

as a Function of Exhaust Rate. 

trat ion by a factor o f  1000 as a resul t  o f  the 
scrubbing procedure. The external dose which 
should not be exceeded i s  25 rep for persons not 
occupational ly exposed to  radioactive material 
and 10 rep for plant p e r ~ o n n e l . ~  

The external dose is calculated in a manner 
similar to that used to  compute the internal dose. 
The maximum ground concentration (pc/cc) i s  

where j o  refers to a l l  the nucl ides l is ted in Table 1 
and where no scrubbing i s  considered. The ex- 
ternal dose from a large cloud of radioactive 

7 9 t h  Semiannwl  Report of AEC, p 19, January 1951. 
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3 0 7  - ~~ 

(13) I = 103c~  , 
where I i s  the dose rate i n  rep/hr, G i s  the maxi- 
mum ground concentration i n  the cloud in ~ C / C C ,  

and E i s  the effect ive energy i n  MeV. Upon intro- 
ducing the factor f by which scrubbing reduces 
the concentration o f  each constituent, then for 
the total maximum dose rate 

1 4 

’ I  1 
J l  
2 (14) W , P )  P 

1 1  

- (h j+6 0 P / V )  t j=13 
= 3 x ~ o - ~ P  ci ~ , / ] e  ,L ~~ ~ - ~ I,--A 

10’ 2 5 104 2 5 to5 
l o  

EXHAUST RATE ( c f m  1 
i n  rep/hr, and the total maximum dose (rep) re- 
ceived during the time t becomes 

j = 1 3  Ci E f i  c hi + 60P/V 

0 
(15) D ( t , P )  = 3 x 10-4P 

1 

Io l’l c hi + 60P/V 
(15) D ( t , P )  = 3 x 10-4P 

1 

Fig. 6. Maximum External Dose vs Exhaust Rate. 

4. D IRECT RADIATION F R O M  THE BUILDING 

Immediately fol lowing the release o f  the gaseous 
f ission products, the bui lding i t se l f  becomes a 

7 massive radiation source containing nearly 10 
x 11 - exp [-(hi + 60P/V)t]l . 

ln the Case considered, fi = 1 for constituents 
except the iodine, and fi = 10-3 for the iodine 

i s  the upper limit of this maxi- isotopes. If Dmax 
mum dose, clearly 

(16) Dmax 6 5 x 10-6V C .  10 E i f j  . 

curies. Th is  source consti tutes a severe hazard 
to  those in  the immediate v ic in i ty  of the bui lding 
at the t ime o f  the accident. 

For the purpose o f  est imating the order of 
magnitude of th is  hazard, it i s  assumed that the 
gaseous ac t iv i t y  leaves the reactor in the form o f  
a bubble before dispersing throughout the building. 
The radiation intensity from th is  bubble located 

j -13  

, 
1 

immediately above the reactor core i s  computed 
by using the ef fect ive gamma energies l is ted in 
Table 1 and by considering the bubble as a point 

Thus, using V = 8 x 
C .  E .  from Toble 1, 
10 I 

ft3 and the values of 

Dmax 2 42.3 rep . source. 
At a distance o f  100 ft from the building, the 

This value is  reached only i f  the building is  
emptied instantaneously. ~h~ dependence of total 
external dose on exhaust rate i s  illustrated in 
F ~ ~ .  6. ~h~ maximum permissible dose of 25 rep 
is not exceeded unless the building i s  
at rates greater than 20,000 cfm. 

radiat ion intensity i s  i n i t i a l l y  47 r/min. Th is  
means that Personnel in the v ic in i ty-of  the bu i ld ing  
at the t ime of  the accident w i l l  have 4 to  6 min i n  
which to  evacuate the area before receiving the 
lowest of the range o f  median lethal dose values. 
Evacuation can be quite easi ly accomplished in  
th is  t ime i f  a suitable alarm system i s  provided. 

Further analysis o f  the direct-radiation hazard 
i s  considered to be beyond the scope of th is  paper, 

the type o f  “gas containment” attempted. 

8T. H* J. Burnett, Samplzng Methods and Require-  
ment s for Est zmat zng Airborne Radzopart zc ulat e Hazards, 
ORNL CF-52-11-1. 

since this hazard is independent of 

8 UNCLASSI FlED 




