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Neutron ac t iva t ion  and f lux  calculations have been made f o r  s t ruc tu ra l  

and shield  materials t h a t  m y  be exposed t o  neutron sources i n  the Trans- 

uranium Laboratory. The calculations were performed on the ORACLE using 

known cross sections, half- l ives  and decay schemes. The multigroup 

neutron f lux  within c e l l s  was calculated on the IBK-7090 using the DSN 

and GNU codes. Estimates of the act ivat ion problems tha t  may occur i n  the 

Laboratory a r e  presented along with methods of calculation and data which 

may be used for  the evaluation of specif ic  problems i n  the f i t u r e .  Signi- 

f icant  r e su l t s  and conclusians of the study a re  a s  follows: 

1. The thermal f lux  inside a c e l l  i s  approximately 114 the f a s t  f l u x  

a t  the c e l l  w a l l .  

2. Inclusion of 2.5 l b s  of boron per cubic yard of magnetite concrete 

w i l l  lower the thermal f lux  i n  the c e l l  t o  1/10 the f a s t  f lux  a t  

the c e l l  w a l l .  I t  i s  infeasible  t o  add addi t ional  boron t o  the  

concrete since f a s t  act ivat ion begins t o  control  a t  t h i s  l eve l .  

3. The coating of tanks which contain solutions of neutron emitting 

materials with 15-20 m i l s  of Cd ar?d inclusion of 2.5 l b s  ~ G ~ G ~ / C U  yd 

i n  the surrou~ding concrete walls w i l l  lower the ac t iva t ion  of adjacent 

tanks and s t ruc tu ra l  materials approximately an order of magnitude 

below tha t  t o  be encountered without the use of thermal poisons. 

4. The gamma f lux  from the concrete walls of p i t s ,  which could be 

exposed t o  f a s t  and thermal neutron fluxes of -lo8 f o r  long periods, 

would be equivalent t o  50-XI0 mr/hr for  decay times of 1-100 days. 

5 .  The gamma f lux  from the concrete walls i n  cubicle ce l l s ,  which 

w i l l  only be exposed t o  high-level neutron sources f o r  short  

periods, w i l l  be i n  the order of 1-20 mr/hr fo r  decay times of 

1-100 days. 

6 .  The act ivat ion a c t i v i t y  of o i l - f i l l e d  glass  windows is  very short  

lived; although the surface dose ra te  i s  many rem/hr a t  decay times 

l e s s  thaE i day, it i s  insignificanz f o r  decay times greater  than 

10 days. 

7. Zinc bromide windows become considerably act ivated.  Windows 

exposed t o  sources such a s  w i l l  be present i n  the  Transuranium 



Laboratory would have t o  be campartmentalized t o  prevent radioactive 

solution from circulat ing t o  the operating face and causing dose 

r a t e s  of several  rem per hour. 

8. A CRL Model D manipulator exposed t o  a source of several  hundred 

mg of ~ f ~ ~ ~ - ~ f ~ ~ ~  fo r  10 days would survey approximately 2000, 

10, and 1 mr/hr a f t e r  decay times of 1 hr, 1 day, and 100 days, 

respectively.  

9. The conditions of neutron exposure t o  the dissolver, mixer-sett lers,  

and californium storage tank may be such tha t  the  gamma dose r a t e  

a t  the surface a f t e r  10-100 days decay time i s  30, 200, and 

20,000 mr/hr, respectively . 
10. Stainless  s t e e l  equipment racks and tanks adjacent t o  the  califarnium 

storage tank would survey 100-200 mr/hr fo r  decay times of 1-130 days 

i f  thermal neutron poisons a r e  not used. 

2.0 INTRODUCTION 

Neutron ac t iva t ion  calculations have been made fo r  s t ruc tu ra l  and 

shield  materials t ha t  may be exposed t o  a-n and spontaneous f i s s ion  

neutron sources i n  the  Transuranium Laboratory. T h i s  report  i s  intended 

t o  present calculat ional  methods, data, and an order-of-magnitude survey 

of the act ivat ion problems tha t  w i l l  occur i n  the Transuranium Labora t~ry .  

The methods and data may be applied l a t e r  t o  give more accurate r e su l t s  

f o r  specif ic  problems i n  which the materials, geometry, and source 

strengths a r e  specified.  

The act ivat ion data for specif ic  materials was generated on the 

ORACLF: using isotopic  abundancies, f a s t  and thermal cross sections, 

half  l ives ,  and decay schemes fo r  components of the  materials taken 
1 2 from Sul l ivan 's  chart  , Om-2125 , and Radiation Shielding .' The 

f a s t  and thermal f l u  resui t ing from f i ss ion  sources were calculated 

on the IBM-7090 using DSN, and 18-group transport  code, and GNU, a 

32 group diff'usion code. The materials f o r  which act ivat ion calculations 

were made a re  3.3 density iead s i l i c a t e  glasses, 2 .7  density non- 

b~ dtrning glass, 6.2 density lead glasses, zinc bromide ~ o l u t i o n ,  

magnetite concrete, s t a in l e s s  s t e e l  304L and 440~,  Hastelloy "Bts and 

"C", aluminum 356, 1050, 2024, and 6061, Monel carbon s tee l ,  Elgiloy, 

and Almag 35. 
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3.0 ASSUMPTIONS AND METHODS OF CALCUTION ACTIVATION EQUATIONS 

The degree of ac t iva t ion  an6 gamma dose r a t e  a t  the  surface of a s lab 

was calculated for  various materials  subjected t o  a constant f l ux  a s  a 

function of i r r ad i a t i on  time and decay time. The calculations were 

performed fo r  a f l ux  of l o lo  neutrons/cn?-sec, which i s  near the  f l ux  

t ha t  w i l l  be encountered i n  Transuranium Laboratory ce l l s ;  the  degree of 

ac t iva t ion  and dose r a t e  fo r  other values of f l ux  may be obtained through 

the use of a d i r ec t  proportion. The dose r a t e  a t  the  surface of a s lab 

was calculated assuming t h a t  the  f l ux  i n  the  f i r s t  10-20 cm of the  

material  i s  constant; f o r  the  r a t e r i a l s  t ha t  a r e  evaluated consideration 

of the f a s t  and thermal f l u x  perturbation would not lower the  calculated 

dose r a t e  more than approximately a fac tor  of two. The s lab  thickness was 

chosen t o  correspond approximately with the thickness t h a t  w i l l  be used 

i n  the  Transuranium Laboratory. 

The mechanism of ac t iva t ion  i s  (isotope i-1) s ta3 le  + neutron 

------) ( isotope i) radioactive.  The nomenclature t ha t  i s  used i n  

writing the ac t iva t ion  equations i s  a s  foliows: 

er 3 
= f a s t  o r  t h e m 1  neutron f l u x  = 10lo neutrons/cmL-sec 

T = time i n  which material  i s  exposed t o  neutron f l u ,  sec 

t = decay time a f t e r  exposure t o  f lux,  sec 

= decay constant of element i, sec-' 

= density of element of fso.topes i-1 i n  material, g/cc 

= f rac t ion  of isotope i-1 i n  element 

= f a s t  o r  t h e m 1  ac t iva t ion  cross section of isotope i-1, barns 

= molecular weight of isotope i-1 

= gamma ac t iva t ion  a c t i v i t y  of isotope i , ydislsec-cc 

= number of s tab le  isotopes i n  subject  mater ia l  

= t o t a l  y ac t iva t ion  a c t i v i t y  of material,  y dis/sec-cc 

= density of the  subject  material,  g/cc 

= Thickness of a slab of the  subject  m t e r i a l ,  cm 

= gamma at tenuat ion coeff ic ient  of the  subject  mater ia l  f o r  

gamma ray of enerey E~ j, crn2/gm 

= gamma ray energy resu1,ing frorr: one mode of dis integrat ion of 
isotope i .  



m = number of gamma modes of d i s in tegra t ion  of isotope i 

Y i  j = f rac t ion  of occurrence of gamma of energy Eij per d i s in tegra t ion  

of isotope i 

di 
= gamma dose r a t e  at  the surface of a s lab  of the subject  mater ia l  

r esu l t ing  from d is in tegra t ions  of gamma ray energy Eij, mr/hr 

D ( T , ~ )  = t o t a l  gamma dose r a t e  a t  the  surface of a s lab  of the subject  

material ,  mr/hr 

The ac t iva t ion  equations a r e  

1 A * (  t ) ~ .  .Ei for Z > - d . .  (T, t )  = - 
1J ~ C I P  TJ+&= 5 WP 

d . . ( ~ , t )  = i i ,  Po, z < - 1 
1 J  - WP 

The equations f o r  A(T, t )  and D(T, t) were so1,ved. on t he  ORACLE using the  

proper t ies  of mater ia ls  l i s t e d  i n  Table 1, and proper t ies  of isotopes 

l i s t e d  i n  Table 2. 

Flux Calculations 

The 18 and 32 group neutron f l u x  was calculated i n  ce l l s ,  concrete 

walls, and i n  the  v i c i n i t y  of a 100 - l i t e r  spher ical  tank. The c e l l  

geometry was considered t o  consis i  of a spontaneous f i s s i on  neutron 

source of 1014 neutrons/sec a t  the  center  of an 8-ft-&a a i r - f i l l e d  

sphere, which i n  tu rn  was surrounded by a 6 - f t - th ick  magnetite concrete 

w a l l .  The densi ty  of the  various elements i n  the  concrete i n  grams per 

cc were assumed a s  follows: H = 0.0217, 0 = 1,255, I@ = 0.0326, 

A 1  + S i  + Ca = 0.424.6 (A1 cross sect ions  used), Fe + Ti a V = 1.878 
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( ~ e  cross sections used), and B = 0.0, 0.0005, 0.0050 and 0.050. The 

flux i n  the v ic in i ty  of a 100-l i ter  sphere containing a solution emitting 

1014 neutrons/sec was evaluated fo r  a bare sphere and fo r  a sphere 

coated with a X)-mil sheet of cadmium. 

4.0 l%3SULTS AND CONCLUSIONS 

4.1 Neutron Flux 

The f a s t  ( f i ss ion  energy) and thermal neutrin f lux  i n  a c e l l  and 

natural boron-magnetite concrete w a l l  for a point S.F. neutron sGurce 
- 

14 
of 10 neutrons/sec located four fee t  from the inside c e l l  w a l l  i s  

shown i n  Fig. 1. The values of f lux  for  other sources located i n  th i s  

position may be evaluated through the use of a d i rec t  proportion. The 

ef fec t  of f a s t  activation thresholds may be evaluated by assuming that  

inside the c e l l  and a t  the consrete wall the 3.0-10, 1.4-3.0, 0.9-l.k, 

0.4-0.9, and 0.1-0.4 mev fluxes a re  20.4, 34.4, 16.8, 18.0 and 9.0 

percent of the f a s t  flux, respectively. The thermal f lux  decreases 

considerably with increasing boron content i n  the concrete w a l l ;  a 

cross-plot of these data indicates that  boron densi t ies  of 6.0 and 24 

lbs/cu yd decreases the thermal f lux  i n  the c e l l  by approximately a 

factor of 10 and 100,. respectively. Since the thermal f lux  a t  the 

surface of the boron-free concrete wdll i s  a factor  of 3.5 lower than 

the f a s t  f lux  2.6 and 13 lbs/cu yd of boron i n  the concrete i s  suf f ic ien t  

t o  lower the thermal f lux factors of 10 and 100 below the f a s t  f lux. 

The f a s t  (>0.1 mev), intermediate, and thermal f lux  a t  the surface 

of a 100 l i t e r  sphere containing a homogeneous water solution of a source 
9 9 9 of 1014 neutrons/sec i s  1 .5  x 10 , 1.6 x 10 , and 0.86 x 10 n e ~ t r o n s l  

2 
sec-cm , respectively. The thermal f lux  i s  lowered by appmximate1.y a 

factor of 400 by coating the sphere with 20 m i l s  of cadreium. Boron i n  

the concrete must be used i n  conjunction with a cadmium coating on 

the sphere i f  the thermal f lux i n  the c e l i  i s  t o  be lowered; t h i s  

e f fec t  i s  shown i n  Table 3. 

It becomes infeasible  t o  lower the t.hern;al f lux ,to levels  below 
, 

,which the the-1 act ivat ion i s  approximately e q a l . t o  the f a s t  

activation. The re la t ive  thermal and f a s t  act ivat ion i n  materials of 

construction tha t  w i l l  be abundant i n  the Transuranium Laboratory i s  

i l l u s t r a t ed  i n  Table 4. The re la t ive  actfvation i n  these materials 



Fig. 1.. The fast and thermal neutron flux in a cell and boron-magnetite 
wall for a 1014 n/sec fission source located four feet from the wall. 



Table 3. The Effect  of Concrete Boron Content and Cd Tank Lining 
on the Flux i n  the  Vicinity of a 100- l i t e r  Tank Containing 
a Solution Source of 10L4 neutrons/sec. 

Cadmium Boron Fast Flux ( X .  1 mev) Thermal Flux 
Thickness Density i n  
on Tank, Concrete A t  Surface A t  Cmcrete A t  Surface 
mils lbs/cu yd of Tank Wall of Tank I n  Cell 

Table 4.  The Relative Act iw t i ~ n  of Construction Materials by A Fast 
and Thermal Neutron Flux of 10lu neutrons/sec-cmz 

I r rad .  Dose Rate a t  Surface of Slab, m / h r  

Time a t  Cooling Slab Fast 
F l u x =  Time, Thickness, (X.1 mev) 

Material 1 0 ~ 0 ,  days days cm Thermal Flux Flux 

Carbon 10 1 1 795 46 
S t ee l  10 10 1 322 45 

Magnetite 100 1 > 25 21.21 5 49 - 
Concrete 100 10 > 25 

I 1816 344 
100 100 > - 25 453 283 

304L 100 1 I 6'K)5 545 

S. S t ee l  100 10 1 4508 518 

100 100 1 1577 326 



indicates  t ha t  it is  probably not feas ible  t o  add boron o r  cadrnium i n  

excess of t h a t  required t o  lower the  thermal f l u x  i n  the  c e l l  more 

than an order of  magnitude below the f a s t  flux; this r e su l t  could 

be achieved by coating tanks such a s  t h a t  described i n  the  previous 

paragraph with approximtely  15 mils of cadmium and adding approximately 

2.6 lbs/cu yd of boron t o  the  concrete. 

The maximum and most probable values of neutron source strength 

and neutron f l ux  t h a t  w i l l  occur a t  various locat ions  i n  the Transuranium 

Laboratory a r e  tabulated i n  Table 5. A prolonged f a s t  f l ux  of 10 
8 

8 7 
and thermal f l u x  of 10 o r  10 , depending on the thermal .neutron poison- 

ing, could occur i n  c e l l  3, 4, 5 p i t s .  Similar fluxes could occilr 

i n  c e l l  6, 7, 8 cubicle f o r  periods of 1-10 days. 

4.2 Activation Calculations 

The r e s u l t s  of the  ac t iva t ion  c a l c u l a t i ~ n s  fo r  the  materials  t h a t  

were emlua ted  a r e  p lo t ted  i n  Figs. 2-45. Figs. 2-39 were calculated 

assuming i r r ad i a t i on  by simultaneous f a s t  ( x . 1  mev) and thermal f luxes 

of 10l0, i n  general, the  f a s t  ac t iva t ion  contribution const i tu tes  i n  the  

order of 10% of the  t o t a l  f o r  the  decay times shown. Figures 40-45 were 
10 calculated assuming only a f a s t  f l ux  of 10 . The type of rad ia t ion  tha t  

const i tu tes  the  control l ing a c t i v i t y  a t  various decay times may be 

evaluated by examining the  slope of the  curves and the  proper t ies  of 

materials  and isotopes given i n  Tables 1 and 2. The dose r a t e s  fo r  

configurations other than s labs  may be evaluated using the  same procedure 

o r  a geometrical transformation. The energy density, 

i n  mev/sec-cc may be obtained using the  s lab  dose curves and eqwt ions  

(2) and (3)  i n  Section 3.0. For a l l  of the metal materials  and 2.7 density 

non-browning g l a s s  the  energy density i s  simply 1160 D(T ,~ ) / z .  For other  

glasses, zinc bromide solution, and magnetite concrete, the energy density 

i s  1160 D ( T , ~ )  ppavg where p must be determined from inspection of the  
avg 

slope of the  curve a t  T,t and the  proper t ies  of the  materials  and isotopes.  



Table 5. The Magnitude of Fast and Thermal Fluxes t h a t  May Occur I n  Transuranium Faci l i ty  Cells 

Thermal Flux i n  Cell 
Approximate Concrete Contains 

Neutron Exposure Fast Flux No Boron 2.6 lbs/cu yd  
Source Strength, Time, Near Walls & o r  Boron "HOT" Tanks 

Location Condition ~eutrons/second days Manipulators Cadmium Coated with Cd 

Cell  1-2 ~ a x i r n u m  loll*+:. 100 5 x 105 i . 4  x 105 5 104 

Probable 109 -x+ 1000 5 x lo3 1 .4  x 103 5 x lo2 
Cell 3,4,5 Maximum l01b- 1000 

P i t  Probable 1 0 ~ 3 ~  1000 

Cell 3,4,5 Maximum 13+::. 1 5 x 107 1.4 x 107 5 x 10 6 

Cubicle Probable 10 5 lo5 1 .4  x lo5 5 x 104 

c e l l  6,7,8 fibximum 2 x lo13*+ 10 lo8 2.6 x lo7 107 

Cubicle Probable 2 10133t-~. 1 lo8 2.6 x lo7 107 

Cell  9,lo Maximum l o l l w  100 5 x lo5 1 .4  x lo5 5 x 10 4 

Cubicle Probable 11-EW 10 5 x lo5 1.4 x 10 5 5 x 10 4 

**AS small volume of solution or  dry (no water self-shielding considereci) 

* A s  solution i n  tank (water self-shielding considered) 



4.2.1 Concrete Walls 

The data i n  S b l e  5, Figs. 7 and 41, and consideration of the  c e l l  

geometry allows predic t ion of the  dose r a t e s  t h a t  w i l l  occur i n  Transuranium 

c e l l s  due t o  ac t iva t ion  of the  concrete. The gamma f l u x  i n  p i t s  which might 
8 be exposed t o  f a s t  and thermal neutron fluxes of - 10 fo r  1000 days would be 

equivalent t o  50-200 mr/hr 1-100 days subsequent t o  exposure. I f  boron i s  

added t o  suppress the  thermal neutron f l u x  the  gamma f l u x  would be lowered 

by a fac tor  of 2-5. The data i n  0RN~-1371' ind ica tes  t h a t  ordinary concrete i s  

a fac tor  of 2-3 l e s s  radioactive than magnetite concrete fo r  f l u x  exposure 

and decay times of i n t e r e s t .  The exposure of unborated magnetite walls t o  
8 

f luxes of 10 f o r  1-10 days such a s  c ~ u l d  occur i n  Cel l  6, 7, 8 c u ~ ~ i c l e s  

would r e s u l t  i n  gamma f luxes  i n  the  c e l l s  equivalent t o  1-20 mr/hr f o r  decay times 

of 1-100 days. A 1014 neutron source located 2 f t  from an unborated magnetite 

wall  f o r  1 day would cause f a s t  and thermal f luxes a t  the  w a l l  of approximately 
9 10 and would cause a wall "hot spot" surveying 30 mr/hr one day a f t e r  exposure. 

4.2.2 Windows 

Oi l - f i l l ed  l ead  g lass  windows such as those being considered f o r  use i n  

the  Transuranium Laboratory when exposed t o  f a s t  and thermal neutron fluxes 
9 of 10 f o r  1-1000 days would survey approximately 30,000, 10, and 0 . 1  mr/hr 

a f t e r  decay times of 1, 10, and 100 days, respectively.  The sodium i n  t he  

g lass  contributes t he  bulk of the  a c t i v i t y  and the  o i l  i s  not s ign i f ican t ly  

ac t iva ted .  The dose r a t e  would, of course, be proportionally lower f o r  
8 the  107-10 f luxes  ~ ~ h i c h  w i l i  be more l i k e l y  t o  occur i n  the  window. 

Zinc bromide windows become ac t iva ted  t o  a considerable extent .  Windows 

exposed t o  neutron sources such a s  w i l l  be present i n  the  Transuranium 

Laboratory would have t o  be compartmentalized t o  prevent radioact ive  

solut ion from c i rcu la t ing  t o  the  operating face and causing dose r a t e s  i n  

the order of several  rem per hour. 

4.2.3 Manipulators 

A CRL Model D master-slave manipulator located i n  cubicles which could 

contain several  hundred mg of ~ f ~ 5 ~ - ~ f ~ 5 ~  fo r  up t o  10 days would be exposed 
8 t o  fluxes of t he  order of 10 . The dose r a t e  a t  the  surface of the s t a in l e s s  

s t e e l  arm and carbon s t e e l  through-tube resu l t ing  from. such an exposure would 

be approximately 2 ~ / h r ,  10 mr/hr, and 1 mr/hr fo r  decay times of 1 hour, 1 

day, and 100 days, respect ively .  The Elgiloy tapes would survey approximately 



50 mr/hr a f t e r '  1 hour and would remain a t  approximately 5 mr/hr f o r  decay 

times of 1-1000 days. These data and the  present ly  envisaged plans 

fo r  operation of the  Transuranium Laboratory ind ica te  a very high probabi l i ty  

t h a t  a t  a given time none of t h e  manipulators i n  t he  Laboratory would 

survey grea te r  than 10 mr/hr. Personnel could only be exposed t o  high 

dose r a t e s  i n  the  ra re  event t h a t  it was necessary t o  contact  a manipulator 

which had been exposed t o  a maximum source a f t e r  l e s s  than one day decay 

time. 

4.2.4 Process Vessels and S t ruc tura l  Materials 

Typical process vessels  and s t ruc tu r a l  mater ia ls  t h a t  w i l l  become 

ac t iva ted  a r e  the  dissolver,  mixer-sett lers,  ~ f ~ ~ ~ - ~ f ~ ~ ~  storage tank, 

which a r e  assumed t o  be constructed of Hastelloy "B" o r  "c", and 3 0 4 ~  s ta in -  

l e s s  s t e e l  equipment racks, The dissolver,  which could be exposed t o  

sources of 5 x 10'' n/sec f o r  1-2 days, wouid survey 35 and 25 mr/hr 

a f t e r  LO and 100 days decay time, respectively.  mxer -se t t e r s ,  which could 

be exposed t o  f luxes i n  the  order o f  5 x 10' n/cm2-sec f o r  periods up t o  

10 days, would survey 190 and 155 mr/hr a f t e r  10 and 100 days, respectively.  

The californium storage tank, which could be used t o  s t o r e  C f  252-cf254 

solut ions  fo r  periods of a year o r  longer would survey 10-20 ~ / h r  fo r  

decay times of 1-1000 days. S ta in less  s t e e l  equipment racks which could 
8 be exposed t o  fast and thermal f luxes of 10 f o r  1000 days wouid survey 

100-200 mr/hr f o r  decay times of 1-100 days; the degree of a c t i va t i on  i n  

these components could be lowered almost a fac to r  of 10 by coating calif'ornium 

storage vessels  with Cd and including boron i n  the  concrete. 

P. e&-l\ 
J. P. Nichols 
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