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ABSTRACT

Neutron activation and flux calculations performed

as an aid to the Transuraniuwm Laboratory design are reported.
The degree of activation as a function of irradiation and
decay time was evaluated on the QRACLE Tor shielding window
naterials, magnetite concrete, steels, aluminums, Hastelloys,
and various other alloys. The neutron flux in concrete cells

was

evaluated using multigroup reactor codes.
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1.0 SUMMARY

Neutron activation and flux calculations have been made for structural
and shield materials that may be exposed to neutron sources in the Trans-
uranium Laboratory. The calculations were performed on the ORACLE using
known cross sections, half-lives and decay schemes. The multigroup
neutron flux within cells was calculated on the IBM-7090 using the DSN
and GNU codes. Estimates of the activation problems that may occur in the
Laboratory are presented along with methods of calculation and data which
may be used for the evaluation of specific problems in the future. Signi-
ficant results and conclusions of the study are as follows:

1. The thermal flux inside a cell is approximately 1/4 the fast flux
at the cell wall.

2. Inclusion of 2.5 1bs of boron per cubic yard of magnetite concrete
will lower the thermal flux in the cell to 1/10 the fast flux at
the cell wall. It is infeasible to add additional boron to the
concrete since fast activation begins to control at this level.

3, The coating of tanks which contain solutions of neutron emitting
materials with 15-20 mils of €Cd and inclusion of 2.5 1lbs boron/cu yd
in the surrounding concrete walls will lower the activation of adjacent
tanks and structural materials approximately an order of magnitude
below that to be encountered without the use of thermal poisons.

L, The gamma flux from the concrete walls of pits, which could be
exposed to fast and thermal neutron fluxes of ~lO8 for long periods,
would be equivalent to 50~200 mr/hr for decay times of 1~100 days.

5. The gamma flux from the concrete walls in cubicle cells, which
will only be exposed to high-level neutron sources for short
periods, will be in the order of 1-20 mr/nr for decay times of
1-100 days.

6. The activation activity of oil-filled glass windows is very short
lived; although the surface dose rate is many rem/hr at decay times
less than 1 day, it is insignificant for decay times greater than
10 days.

T. Zinc bromide windows become considerably activated. Windows

exposed to sources such as will be present in the Transuranium
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Iaboratory would have to be compartmentalized to prevent radiocactive
solution from circulating to the operating face and causing dose
rates of several rem per hour.

8. A CRL Model D manipulator exposed to a source of several hundred
mg of Cf252-Cf254
10, and 1 mr/hr after decay times of 1 hr, 1 day, and 100 days,

for 10 days would survey approximately 2000,

respectively.

9. The conditions of neutron exposure to the dissolver, mixer-settlers,
and californium storage tank may be such that the gamma dose rate
at the surface after 10-100 days decay time is 30, 200, and
20,000 mr/hr, respectively. '

10. Stainless steel equipment racks and tanks adjacent to the californium
storage tank would survey 100-200 mr/hr for decay times of 1-100 days

if thermal neutron poisons are not used.
2.0 INTRODUCTION

Neutron activation calculations have been made for structural and
shield materials that may be exposed to a-n and spontaneous fission
neutron sources in the Transuranium Laboratory. This report is intended
to present calculational methods, data, and ar order-of-magnitude survey
of the activation problems that will occur in the Transuranium Laboratory.
The methods and data may be applied later to give more accurate results
for specific problems in which the materials, geometry, and source
strengths are specified.

The activation data for specific materials was generated on the
ORACLE using isotopic abundancies, fast and thermal cross sections,
half lives, and decay schemes for components of the materials taken
from Sullivan's chartl, ORNL-21252, and Radiation Shielding.u The
fast and thermal flux resuiting from fission sources were calculated
on the IBM-7090 using DSN, and 18-group transport code, and GNU, a
32 group diffusion code. The materials for which activation calculations
were made are 3.3 density lead silicate glasses, 2.7 density non-

_ browning glass, 6.2 density lead glasses, zinc bromide solution,
magnetite concrete, stainless steel 30LL and LLOA, Hastelloy "B" and
"c", aluminum 356, 1050, 2024, and 6061, Monel carbon steel, Elgiloy,
and Almag 35.
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3.0 ASSUMPTIONS AND METHODS OF CALCULATION ACTIVATION EQUATIONS

The degree of activation and gamma dose rate at the surface of a slab
was calculated for various materials subjected to a constant flux as a
function of irradiation time and decay time. The calculations were
performed for a flux of lOlo neutrons/cme—sec, which is near the flux
that will be encountered in Transuranium Laboratory cells; the degree of
activation and dose rate for other values of flux may be obtained through
the use of a direct proportion. The dose rate at the surface of a slab
was calculated assuming that the fiux in the first 10-20 cm of the
material is constant; for the materials that are evaluated consideration
of the fast and thermal flux perturbation would not lower the calculated
dose rate more than approximately a factor of two. The slab thickness was
chosen to correspond approximately with the thickness that will be used
in the Transuranium Laboratory.

The mechanism of activation is (isotope i~1l) stable + neutron
———> (isotope i) radioactive. The nomenclature that is used in

writing the activation equations is as folliows:

¢ = fast or thermal neutron flux = lOlo neutrons/cme-sec

T = time in which material is exposed to neutron flux, sec

t = decay ftime after exposure tc flux, sec

M = decay constant of element i, sec™t

Wi-l = density of element of isotopes i-1 in material, g/cc

Xi-l = fraction of isotope i-1 in element

aci-l = fast or thermal activation cross section of isotope i-1, barns

M;-1 = molecular weight of isotope i-1

Ai(T,t) = gamma activation activity of isotope i, ydis/sec-cc

n = number of stable 1sotopes in subject material

A(T,t) = total y activation activity of material, ¥ dis/sec-cc

¢ = density of the subject material, g/cc

Z = Thickness of a slab of the subject material, cm

L(E) = gamma attenuation coefficient of the subject material for
gamma ray of energy Eij: cmg/gm

= gamma ray energy resul.ing from one mode of disintegration of

E, .
+d isotope 1i.



= number of gamma modes of disintegration of isotope i

N = fraction of occurrence of gamma of energy Eij per disintegration

1J
of isotope 1

dij = gamma dose rate at the surface of a slab of the subject material
resulting from disintegrations of gamma ray energy Eij’ mr/hr
D(T,t) = total gamma dose rate at the surface of a slab of the subject

material, mr/hr

The activation equations are

A(T, t) = E;? (Wi-1)X; -1) (.6023) (¢ -1) (@) (1-e~MT) (=M%
, . i=1 (Ml'l)

A (T, t)ys <Bs 5 1
a.. (7, t) = 222 i) for 2 > —
1 (T, ) 2u0 ( 556]) Hp

(2)(580) s

a; 5(T,%) = AT )YigEi42  pop g < 4

The equations for A(T,t) and D{T,t) were solved on the ORACLE using the
properties of materials listed in Table 1, and properties of isotopes
listed in Table 2.

Flux Calculations

The 18 and 32 group neutron flux was calculated in cells, concrete
walls, and in the vicinity of a 100-liter spherical tank. The cell
geometry was considered to consist of a spontaneous fission neutron
source of 1014 neutrons/sec at the center of an 8-ft-dia air-filled
sphere, which in turn was surrounded by a 6-ft-thick magnetite concrete
wall. The density of the various elements in the concrete in grams per
cc were assumed as follows: H = 0.0217, O = 1.255, Mg = 0.0326,

Al + Si + Ca = 0.4246 (Al cross sections used), Fe + Ti + V = 1.878

(1)

(2)

(3)

(4)
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- (— m = wminutes
h = hours

Table 2. Constanls for Activated plements d = days
_ .
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(Fe cross sections used), and B = 0.0, 0.0005, 0.0050 and 0.050., The
flux in the vicinity of a 100-liter sphere containing a solution emitting
lOlLL neutrons/sec was evaluated for a bare sphere and for a sphere

coated with a 20-mil sheet of cadmium.

4,0 RESULTS AND CONCLUSIONS
4,1 Neutron Flux

The fast (fission energy) and thermal neutron flux in a cell and

natural boron-magnetite concrete wall for a point S.F. neutron scurce
of lOlLL neutrons/sec located four feet from the inside cell wall is
shown in Fig. 1. The values of flux for other sources located in this
position may be evaluated through the use of a direct proportion. The
effect of fast activation thresholds may be evaluated by assuming that
inside the cell and at the concrete wall the 3.0-10, 1.4~3.0, 0.9-1.L,
0.4-0.9, and 0.1-0.4 mev fluxes are 20.k4, 34.4, 16.8, 18.0 and 9.0
percent of the fast flux, respectively. The thermal flux decreases
considerably with increasing boron content in the concrete wall; a
cross-plot of these data indicates that boron densities of 6.0 and 24
lbs/cu yd decreases the thermal flux in the cell by approximately a
factor of 10 and 100,. respectively. Since the thermal flux at the
surface of the boron-free concrete wall is a factor of 3.8 lower than
the fast flux 2.6 and 13 lbs/cu yd of boron in the concrete is sufficient
to lower the thermal flux factors of 10 and 100 below the fast flux.

The fast (>0.1 mev), intermediate, and thermal flux at the surface
of a 100 liter sphere containing a homogeneous water sclution of a source
of 10M* neutrons/sec is 1.5 x 107, 1.6 x 107, and 0.86 x 107 neutrons/
sec-cm?, respectively. The thermal flux is lowered by approximately a
factor of 400 by coating the sphere with 20 mils of cadmium. Boron in
the conerete must be used in conjunction with a cadmium coating on
the sphere if the thermal flux in the cell is to be lowered; this
effect is shown in Table 3.

It becomes infeasible to lower the thermal flux to levels below
which the thermai activation is approximately equal to the fast
activation. The relative thermal and fast activation in materials of
construction that will be abundant in the Transuranium Laboratory is

illustrated in Table L. The relative activation in these materials
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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.
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Table 3. The Effect of Concrete Boron Content and Cd Tank Lining
on the Flux in the Vicinity of a 100-1liter Tank Containing
a Solution Source of 10+% neutrons/sec.

Cadmium Boron Fast Flux (>0.1 mev) Thermal Flux
Thickness Density in
on Tank, Concrete At Surface At Concrete At Surface
mils Ibs/cu yd of Tank Wall of Tank In Cell
0.0 1.5 x 10° 108 8.6 x 108 6 x 107
2.6 1.5 x 107 108 8.6 x 108 ~6 x 107
13 1.5 x 107 108 8.6 x 105 ~6 x 107
20 0.0 1.5 x 109 108 ~10° 2.6 x 107
20 2.6 1.5 x 107 168 ~107 ~107
20 13 1.5 x 107 108 ~200 ~10°

Table 4. The Relative Activation of Construction Materials by A Fast
and Thermal Neutron Flux of 101V neutrons/sec-cme

Dose Rate &t Surface of Slab, mr/hr

Irrad.
Time at  Cooling Slab Fast
Flux = Tine, Thickness, (>0.1 mev)
Material 1010, days days cm Thermal Flux Flux
Carbon 10 1 1 795 46
Steel 10 10 1 322 L5
10 100 1 81 36
100 1 1 L6k 410
100 10 1 1777 400
100 100 1 L51 320
Magnetite - 100 1 > 25 2121 549
Concrete 100 10 > 25 1818 34k
100 100 > 25 L53 280
304L, 100 1 1 6205 545
S.Steel 100 10 ' 1 4508 : 518

100 100 1 1577 326
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indicates that it is probably not feasible to add boron or cadmium in
excess of that required to lower the thermal flux in the cell more

than an order of magnitude below the fast flux; this result could

be achleved by coating tanks such as that described in the previous
paragraph with approximately 15 mils of cadmium and adding approximately
2.6 lbs/cu yd of boron to the concrete.

The maximum and most probable values of neutron source strength
and neutron flux that will occur at various locations in the Transuranium
laboratory are tabulated in Table 5. A prolonged fast flux of 108
and thermal flux of 108 or 107, depending on the thermal neutron poiscn-
ing, could occur in cell 3, 4, 5 pits. Similar fluxes could occur
in cell 6, 7, 8 cubicle for periods of 1-10 days.

4.2 Activation Calculations

The results of the activation calculations for the materials that
were evaluated are plotted in Figs. 2-45. Figs. 2-39 were calculated
assuming irradiation by simultaneous fast (>0.1 mev) and thermal fluxes
of 1010, in general, the fast activation contribution constitutes in the
order of 10% of the total for the decay times shown. Figures L0-L45 were
calculated assuming only a fast flux of lOlO. The type of radiation that
constitutes the controlling activity at various decay times may be
evaluated by examining the slope of the curves and the properties of
materials and isotopes given in Tables 1 and 2. The dose rates for
configurations other than slabs may be evaluated using the same procedure

or a geometrical transformation. The energy density,

i=n J=m
_;— Z Ai(T, t)yijEij’
i=1 =1

in mev/sec-cc may be obtained using the slab dose curves and equations

(2) and (3) in Section 3.0. For all of the metal materials and 2.7 density
non-browning glass the energy densify is simply 1160 D(Tyt)/Z. For other
glasses, zinc bromide solution, and magnetite concrete, the energy density
is 1160 D(T,t) PHove where Mave must be determined from inspection of the

slope of the curve at T,t and the properties of the materials and isotopes.



Table 5.

The Magnitude of Fast and Thermal Fluxes that May Occur In Transuranium Facility Cells

Thermal Flux in Cell

Approximate Concrete Contains
Neutron Exposure Fast Flux No Boron 2.6 1bs/cu yd
Source Strength, Time, Near Walls & or Boron "HOT" Tanks
Location Condition Neutrons/second days Manipulators Cadmium Coated with Cd
Cell 1-2 Meximum 1o1Lxx 100 5 x 107 1.4 x 107 5 x 10%
Probable 109 *3 1000 5 x 103 1.4 x 103 5 x 102
Cell 3,L4,5 Maximum 1oLtex 1000 108 6 x 107 107
Pit Probable 1013%* 1000 107 6 x 100 108
Cell 3,45 Maximum 1013%x 1 5 x 107 1.4 x 107 5 x 10°
Cubicle Probable 101 xss 10 5 x 10° 1.k x 107 5 x 10k
Cell 6,7,8 Maximum o x 1013%* 10 108 2.6 x 107 107 ,
Cubicle Probable o x 1013% 1 108 2.6 x 107 107 M
Cell 9,10 Maximum 1011x* 100 5 x 10° 1.4 x 107 5 x 10*
Cubicle Probable 101 L%% 10 5 x 107 1.4 x 107 5 x 10*

¥¥As small volume of solution or dry (no water self-shielding considered)

* As solution in tank (water self-shielding considered)



-13-

L,2.1 Concrete Walls
The data in Table 5, Figs. 7 and 41, and consideration of the cell

geometry allows prediction of the dose rates that will occur in Transuranium

cells due to activation of the concrete, The gamma flux in pits which might

be exposed to fast and thermal neutron fluxes of ~ 108 for 1000 days would be
equivalent to 50-200 mr/hr 1-100 days subsequent to exposure. If boron is
added to suppress the thermal neutron flux the gamma flux would be lowered

by a factor of 2-5. The data in ORNL-l37l3 indicates that ordinary concrete is
a factor of 2-3 less radliosctive than magnetite concrete for flux exposure

and decay times of interest. The exposure of unborated magnetite walls to
fluxes of 108 for 1-10 days such as could occur in Cell 6, 7, 8 cubicles

would result in gamma fluxes in the cells equivalent to 1-20 mr/hr for decay times
of 1-100 days. A lOlu neutron source located 2 ft from an unborated magnetite
wall for 1 day would cause fast and thermal fluxes at the wall of approximately
109 and would cause a wall "hot spot" surveying 30 mr/hr one day after exposure.

L.2.2 Windows

0il~filled lead glass windows such as those being considered for use in
the Transuranium Laboratory when exposed to fast and thermal neutron fluxes
of 109 for 1-1000 days would survey approximately 30,000, 10, and 0.1 mr/hr
after decay times of 1, 10, and 100 days, respectively. The sodium in the
glass contributes the bulk of the activity and the oil is not significantly
activated. The dose rate would, of course, be proportionally lower for
the 107-108 fluxes which will be more likely to occur in the window.

Zinc bromide windows become activated to a considerable extent. Windows
exposed to neutron sources such as will be present in the Transuraniuvm
Laboratory would have to be compartmentalized to prevent radioactive
solution from circulating to the operating face and causing dose rates in
the order of several rem per hour.

4.,2.3 Manipulators

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

contain several hundred mg of Cf252-0f25u for up to 10 days would be exposed
to fluxes of the order of 108. The dose rate at the surface of the stainlecs
steel arm and carbon steel through-tube resulting from such an exposure would
be approximately 2 R/hr, 10 mr/hr, and 1 mr/hr for decay times of 1 hour, 1

day, and 100 days, respectively. The Elgiloy tapes would survey approximately
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50 mr/hr after 1 hour and would remain at approximately 5 mr/hr for decay
times of 1-1000 days. These data and the presently envisaged plans

for operation of the Transuranium Laboratory indicate a very high probability
that at a given time none of the manipulators in the laboratory would

survey greater than 10 mr/hr. Personnel could only be exposed to high

dose rates in the rare event that it was necessary to contact a manipulator
which had been exposed to a maximum source after less than one day decay
time.

L,2.4 Process Vessels and Structural Materials

Typical process vessels and structural materials that will become

activated are the dissolver, mixer-settlers, Cf252«-CfESLL

storage tank,

which are assumed to be constructed of Hastelloy "B" or "C", and 304L stain~
less steel equipment racks. The dissolver, which could be exposed to
gsources of 5 x lO13 n/sec for 1-2 days, would survey 35 and 25 mr/hr

after 10 and 100 days decay time, respectivz}y. Mixer-setters, which could

be exposed to fluxes in the order of 5 x 10 n/cme-sec for periods up to

10 days, would survey 190 and 155 mr/hr after 10 and 100 days, respectively.
The californium storage tank, which could be used to store Cf252-Cf251L
solutions for periods of a year or longer would survey 10-20 R/hr for

decay times of 1-1000 days. ©Stainless steel equipment racks which could

be exposed to fast and thermal fluxes of 108 for 1000 days would survey
100-200 mr/hr for decay times of 1-100 days; the degree of activation in

these components could be lowered almost a factor of 10 by coating californium

storage vessels with Cd and including boron in the concrete.

‘e O W75
JPN/nr 0 C/Lﬁ =~

Jd, P. Nichols
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