
r 

HEDL SA-1904 FP 

C 0 {\) r- 7~ I I tJ J. - -- 3 7 

SHIELDING CONSIDERATION FOR 

A DEUTERON ACTIVATED LIQUID 

LITH IUt~ SYSTEM 

Co-authored paper 

,..--------DISCLAIMER ----- ------, 

This book was prepared as an account of work sponsored by an agency of the United States Government, 
Neither the United States Government nor any agency thereof, nor any of their employees, makes any 
warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, 
completeness, or useful~ of any information, apparatus, product, or pr00!$1 disclosed, or 
represents that its use VIOUid not infringe pnvately owned rights. Reference herein to any specific 
commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does 
not necessarily constitute or imply its endorsement, recommendation, or favoring by the United 
States Government Of any agency thereof, The views and opinions of authors expressed herein do not 
necessarily state or reflect those of the Uniled States Government or any agency thereof, 

Ralph M. Parsons Co. 
(HEDL Subcontractor -

FMIT Project) 

Hanford Engineering 
Development Laboratory 

S.T. Huang 
A.M. Shapiro 

September, 1979 

J.B. Lee 
W.C. Miller 

8Lit Symposium on Engineering Problems of !=usion Research 

San Francisco, CA 

November 13-16, 1979 

HANFORD ENGINEERING DEVELOPMENT LABORATORY 
Operated by Westinghouse Hanford Company, a subsidiary of 
Westinghouse Electric Corporation, under the Department of 

Energy Contract No. DE-AC14-76FF02170 

COPYRIGHT liCENSE NOTICE 
By acceptance of thr. article, the Publisher and/or recipient acknowled(es the U.S. 
I;Owtrnment's rirht to retain a nonuclusivt, royalty· free license in and to any copyri(hl 

c:owerinr thi1 paper. 



DISCLAIMER 

This report was prepared as an account of work sponsored by an 
agency of the United States Government. Neither the United States 
Government nor any agency Thereof, nor any of their employees, 
makes any warranty, express or implied, or assumes any legal 
liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately 
owned rights. Reference herein to any specific commercial product, 
process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, 
recommendation, or favoring by the United States Government or any 
agency thereof. The views and opinions of authors expressed herein 
do not necessarily state or reflect those of the United States 
Government or any agency thereof. 



DISCLAIMER 

Portions of this document may be illegible in 
electronic image products. Images are produced 
from the best available original document. 



\. 

SHIELDING CONSIDERATION FOR A DEUTERON ACTIVATED LIQUID LITHIUM SYSTEM 
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and 

W. C. Miller, J. B.· Lee 
Hanford Engineering Development Laboratory 
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Suuunary 

A parametric study was conducted to evaluate the poten
tial shielding implication due to the 7Be plateout on 
the lithium piping in the FMIT facility. Various pa
rameters such as plateout percentage, hot flush effi
ciency and 7Be trapping efficiency were varied to 
assess the overall shielding requirement relationship. 
The 7Be plateout was found to place severe limitations 
on the hands-on maintenance access. Hot flush and 7Be 
traps are effective ways of minimizing the 7Be plate
out. To be effective in reducing local shielding re
quirements, the combined 7Be trapping and hot flush 
efficiency shall be greater than 95%. 

Introduction 

In the Fusion Materials Irradiation Test Facility 
(FMIT), molten lithium is used as a target for the 
35 Mev deuteron beam to generate high energy neutrons 
through the (d, Li) stripping reaction. The lithium 
system consists of the following subsystems; lithium 
supply, lithium target and target preheat, lithium 
characterization and purification, vacuum, organic heat 
rejection and argon and helium supply. The main func
tions of the lithium system are to provide a continuous 
flow of lithium to the deuteron beam target for the 
purpose of neutron generation and to transport heat 
generated at the target to the organic heat rejection 
systems. The normal lithium loop temperature is 220°C. 
The lithium piping and components will be fully trace
heated and insulated to maintain system process tem
peratures and to preclude freezing of lithium during 
startup by preheating the lithium piping and components. 

The lithium flowing through the beam target will be 
bombarded by the 35 Mev dueter9n beam and hence will be 
activated by deuterons and neutrons. Major shielding 
concerns are the production of 7Be, a 53.6 day half
life nuclide, and the radionuclides from the activation 
of the trace impu-r-ity elements in lithium. The 7Be has 
been found to adhere to the wall surface of the lithium 
piping, even after the loop has\been drained of lith
ium.! The phenomena of lithium plateout as well as 
migration of 7Be into the lithium piping wall is of 
importance for shielding consideration because its 
relatively long half-life and its 0.48 Mev photons may 
pose access limitation to routine hands-on maintenance. 
HEDL is currently conducting 7Be control experiments to 
investigate the 7Be plateuut aud trapping mechanism. 
This paper concentrates on the evaluation of the shield
ing impacts due to the 7Be plateout. 

Radioactive Sources 

7 The Be nuclide, a
7

IO% yield 0.48 Mev gamma emitter, is 
produced from the Li (d,2n) and 6Li (d, n) reactions. 
The production of 7Be by the 35 Mev deuterons on lith
ium was measured by HEDL to be 6.79 x 1015 atoms per 
second for a beam current of 0.1 ampere. The equili
brium 7He activity in the lithium stream is 1.835 x IOJ 
curies. With the active lithium volume of 1090 gallon~ 
this yields an equilibrium 7Be concentration of 

_,_ 

44.5 mCi/cm3 of lithium. 

The interactions of the deuteron beam with impurities 
in the lithium will also generate other radionuclides. 
In addition, the neutrons produced by the deuteron
lithium stripping reaction will activate the lithium 
stream at the beam target area. From the shielding 
viewpoint, the 22Na and 24Na are the predominant radio
active sources from the activation of impurities in the 
lithium system. !he 24Na is produced by 23Na(d,p) and 
23Na(n,T). The 2 Na production comes from 23Na(d,2np), 
23Na(d,dn), 23Na(d,t), and 23Na(n,2n). The beta decay 
of 24Na is accompanied by both 2.75 Mev and 1.37 Mev 
photons, whereas the decay of 22Na is accompanied by a 
1.27 Mev photon and two 0.511 Mev photons from positron 
emission. For the purpose of shielding evaluation, the 
specific activities of 22Na and 24Na are 1.16 x Io-5 
Ci/cm3 and 3.93 x 10-6 Ci/cm3 respectively. 

Shielding Considerations 

For the purpose of our evaluation, the several param
eters are defined as follows. The plateout percentage 
is the percentage of th~ equilibrium 7Be activity in 
the lithium stream which is retained on piping/compo
nent walls after lithium is drained into the dump tanks 
without the hot flush operation. The 7Be trapping 
efficiency is the percentage of reduction of the 7Be 
equilibrium activity in the lithium stream due to the 
installation of the 7Be traps. The hot flush effi
ciency is the amount of 7Be removal from only the 
lithium film on the pipe wall by hot flushing the 
lithium piping with lithium above the normal operation 
temperature, say at 425°C. The 7Be which had migrated 
into the pipe wall is assumed to stay in the pipe wall 
during the hot flush operation. The 7Be migration 
percentage is the ratio of the 7Be migration depth to 
the overall 7Be plateout film thickness. 

For parametric evaluation, a 7Be migration depth into 
the piping wall is assumed to be 5 pm in addition to a 
10 pm lithium film which will adhere to the lithium 
piping. This is consistent with previous measurement 
values.l Furthermore, the 7Be plateout is assumed to 
be uniformly distributed throughout the internal 
surfaces of the lithium piping and equipment. If the 
7Be plateout is later found by experiments to be 
preferentially deposited on either hot or cold legs 
piping and components, then the dose rates will be 
higher and the local shielding provision at the 
preferential plateout locations will be more severe 
than the case of uniform plateout. 

Major factors which may impact the local shielding 
requirements have been identified as (1) 7Be plateout 
percentage and distribution, (2) hot flush efficiency, 
(3) 7Be trapping efficiency, (4) radiation zoning, 
(5) thermal insulation, (6) impurity levels in lithium, 
and (7) plateout film thickness. They are discussed · 
below. 
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7Be ~lateout and Dist~ibution 
~ '( 

Table 1 gives the potential dose rates at 1 foot from 
the 1", 4", 6" lithium piping and at 1 foot from the 
heat exchanger.· The dose rate for the piping· is from 
a 6-foot long section. The dose rates listed in 
Table 1 correspond to a 10% plateout with no local 
shielding provisions. Also listed in Table 1 are the 
maximum plateout percentages allowable in various 
sizes of the piping and the heat exchanger to result 
in the lmRem/hr target dose rate without local shield
ing. The potential dose rate during the beam off 
condition is directly proportional to the amount of 
lithium left on the piping surfaces after the lithium 
is drained from the system. The amount of plateout 
allowable for hands-on maintenance is shown in Table 1 
to be very small. 

Table !.Potential Dose Rates Without Local Shielding 

System Dose Rate* Max. Allowable** 
Component (mRem/hr) Plateout % 

1" ID 6' long pipe 263 0.038 

4" ID 6' long pipe 762 0.013 

6" ID 6' long pipe 1298 0.008 

Heat Exchanger 1837 0.005 

* 10% Plateout and 50% Hot Flush 
irh 1 mRem/.hr target dose rate 

Figure 1 shows the local shielding requirements for a 
set of plateout percentages. A 25% plateout on the 
6" lithium piping with 50% hot flush efficiency will 
require 2.2 inches of lead to meet 1 mRem/hr. It is 
clear that the 7Be plateout is one of the major con
tributors to the shielding requirements. Since the 
7Be production rate is constant, the plateout basi
cally affects the 7Be distribution between the lithium 
stream and the plateout surfaces such as pipe walls. 
Thus, for the beam-on condition, the shielding re
quirement is independent of the plateout phenomena. 
However, the amount of 7Be plateout will determine 
the shielding requirements during beam-off. 

Any preferential 7Be plateout would certainly aggra
vate the shielding problem. However, shielding to any 
local hot spots may be accommodated by increasing the 
design margin and by additional temporary local 
shielding provisions. 

Hot Flush 

The hot flush operation has been found to be effective 
in the release of the 7Be from the plateout surface 
back to the lithium stream.! The impact of the hot 
flush efficiency is illustrated in Figure 2 for the 
case of 6" lithium piping. It appears that the over
all ettect ot raising hot flush efficiency from 0 to 
100% is about 0.4" savings in the lead shield. The 
amount of this shielding savings !s •~la~!v~ly in
sensitive to the changes of the plateout percentage. 

7Be Traps 

From the preceding discussion, the trapping of 7Be is 
essential in minimizing the im71ication of 7Be plate
out. To assess the impact of Be trapping on the 
local shielding requirement, the parametric evaluation 
was conducted to relate the local shielding require
ments with the 7Be trapping efficiency. 
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Figure 1 Shielding Requirement as a Function 
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•- Figur'e 3 shows the loc;.l shielding requirement as a 
function of the /Be tra.pping efficiency. Two curves 
were shown; one for 25% plateout.and 50% hot flush 
efficiency and the other for 1% p1ateout and 75% hot 
flush efficiency. From the slope of the curves in 
Figure 3, the incremental benefit resultant from 
raising the 7Be trapping efficiency to a higher value 
becomes more attractive as the efficiency approaches 
95% value. For example, the amount of local shielding 
saving from raising the 7Be trapping efficiency from 
25% to 50% is about 0.1 inches of lead and from 70% to 
95% is about 0.5 inches for the case of 25% plateout 
and 50% hot flush efficiency. Figure 3 also shows that 
the higher the 7Be plateout percentages; the greater 
will be the shielding savings due to the utilization 
of a 7Be trap. 
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3 Shielding Requirement as a Function 
of 7Be Trapping Efficiency 

Radiation Zoning 

-· n\Jr:i.ng the bef!rn-on operation, the arlia&> occupied by the 
lithium piping and equipment are not accessible to the 
operations personnel. After the deuteron beam is 
turned off and the lithium is drained into the dump 
tanks, the target dose rate for the lithium equipment 
areas which needs to be accessible for maintenance is 
1 mRem/hr. The target dose rate is based upon the 
assessment of personnel access requirements to the 
lithium areas and the overall personnel exposure con
siderations. From Table 1, local shielding will be 
required if the plateout is found to be more than 
0.04% for 1" I.D. piping. 

Thermal Insulation 

Due to the heat trace and thermal insulation require
ments, 1" lithium piping will have an approximate 8" 
outside diameter (O.D.). Similarly, the approximate 
O.D. for 4" and 6" lithium piping are 13" and 15" 
respectively without·the local shielding. As the O.D. 
increases, the amount of lead required to give equiva
lent shielding increases. Thus, it would be cost ef-
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fective to place the lead inside some of the in
sulation, if feasible. 

Impurities in Lithium 

The major shielding concern for the impurities in the 
lithium stream is the sodium concentration. The 22Na 
and 24Na give harder gamma rays than 7Be does. With 
25 ppm of sodium in the lithium, the sodium activation 
products contribution ranges from 0.4% at no local 

·shield to 20% at 2" lead shield in the case of a 4" 
I.D. 6' long pipe. Thus, for the anticipated impurity 
levels. the impurity activation products do represent 
sizeable contributions to the overall dose rate. 

Plateout Film Thickness 

Table 2 shows the local shielding requirements due to 
various plateout thickness and migration percentages 
for the 4" piping. There are two. sets of data in 
Table 2. Set No. 1 is based on the assumption that 
the 7Be concentration in the plateout film is the same 
as the 7Be concentration in the lithium stream. Set 
No. 2 is for the case that 7Be concentration in the 
plateout film is ten times the 7Be concentration of 
the lithium stream. The amount of lead shielding re
quirement depends more strongly on the 7Be concentra
tion than on the migration percentage. It appears that 
the amount of the 7Be concentration in the plateout 
film along with the plateout film thickness are the 
major factors in determining the plateout percentage 
and hence the local shielding requirement. The actual 
amount of 7Be plateout will have to be determined by 
measurements. 

Table 2 Lead Shielding Requirement in Inches* With 
50% Hot Flush Efficiency 

7Be Concentration 7Be Concentration 

Plateout Same As 7Be in the Ten Times 7Be in 

Thickness Lithium Stream the Lithium Stream 

pm 10%** 25% 50% 10% 25% 50% 

30 1.21 1.17 1.08 1.60 1.60 1.58 
10 o. 75 0.71 0.69 1.21 1.23 1.25 
1 0.02 0.04 0.06 0.54 0.58 0.59 

* Target Dose Rate is 1 mRem/hr 

** Migration Percentage 

Conclusion 

7 From the preceding evaluation, the Be plateout .was 
found to have severe impact to the hands-on mainten
ance access requirements. The insulation requirement 
on the lithium piping will also increase the size of 
the lead shielding. Current impurity level in the 
lithium does not present additional shielding problems. 
Howeve~ the impurity level should be kept to as low as 
practicable in view of harder gamma rays emitted by 
the activated sodium. The hot flush and 7Be trap are 
effective ways of reducing the local shielding re-

·quirements. However, our evaluation has shown that 
to be effective in minimizing shielding requirements, 
the combined 7Be trapping and hot flush efficiency 
shall be greater than 95%. 
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