
1 _ _ AIIM ++_+,

__ ...... _++_++ , Association for Information and Image Management . _/ ++++ _'_.,5"

_+ _.zZ/f,_ ,_,,OvOo,_,_?+,_++°,,?r;+os?++o_Ooo /_. "_" .....,+j+_'+

_. +% ++++-++ . --+

+'+,,
++++ i,,,+ + '0......

- Ob HlqNUF? TUpRpEyTETD0I-_,,ITIq_HS T_NDIqRDS _b_ "_/f_t_'+++"_



i



WILE, ING THII NT

IPACE Pl IDED

IrlL.ll ROUTE "
PAYROLL NO. LOCATION DATE IIIGNATURE AND DATE

.r __ . /

,

i .....

• J

+ + ,



e

' DEI:L SSlFIED
This document consists of

_,ges. _o. _ o_
,2,5 copies.

I

n__ sua_,
r__ ormmuu.-_ AU_

by

L. oW. _

R. H. Meichle

IRRADIATIONPROCESSISGIEP_

Novea_er ii, 1963

)ISTRIEIUTION OF THIS DOCUMENT IS UNLIMITED



i
0

_u_Z sm_x- __ Fm_o. OF__-_mGs_ __

_OD_ON

In remponse to a Oomission request, this document considers the costs of
rhenitm formation as produced by irradiating tungsten. Two isotopic compositions
of tungsten a_e considered for the study.
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The cost for reactor-formed rhenium appears to be prohibitively high--something
in excess of $20 per gram, as shown in Table No. i. This cost would exist for
tungsten containing 90 percent 186, 9 percent 1_ and 1 percent tungsten 182 and
183. The cost of alloy made from natural isotopic ccmrPositions of tungsten would
be higher by a factor of 3_ and would take prohibitively long to produce signifi-
cant quantities of rhenium. Thus, detailed numbers are not shown or considered
for the natural isotopic composition of tungsten.
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Tungsten of natural isotopic composition contains _ percent tungsten 1821 14
percent 183_ 31 percent _s and _ percent 186. The cross section of 186 is
32 barns but a substantial cross section also exists for the 182 and 183 isotopes.
The cross section for tungsten 184 is relatively maall, ...

The conversion ratio versus the flux rate is shown in Figure No. i for a flux of
_.5x z_3_ 6.0xz_. ____, t_ _o,ti_o__,_o_ o__ _o,,
tubes a flux value of 6.0 x 10AS can be achieved through the deposited tungsten.
Extra neutrons required for the irradiation would be furnished by slightly en-
riched uranium fUel charged in the tungsten-bearing tube. Because of the ledge
tungsten cross section_ this appears to be the most _lvantageous placement.
Were the tungste_ charged in an empty fuel column as a target element_ ten or
more enriched uranium columns would be required to support the reactivity and the
flux in the tungsten _ be considerably reduced from that obtained by the thin
coating.

The production rate for rhenitun does not reach 25 perclent_ as suggested as a
minimum alloy of merit. Present altuninum process tube's may require replacement
every six years and thus woulxl not be appropriate for rhenium alloys above
20 percent. Although higher flux levels would be obtained by different charging
stratagems s gross quantities of material could not be irradiated and lower
conversion rates woul_ be entailed. The conversion of rhenium to osmium is
indicated in Table No. i. Xt is assumed that the osmium wc_ld "ue removed as an

alloy impurity and thus the on_r efTect_ as far as the irradiation is concerned_
is one of neutron loss. With increasing osmium content and irradiation time, the
neutron economy is reduced from increased useful atom production to production
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in which a slight loss occurs due to osmium formation. The approximate costs of
production of alloys containing 5, 10_ 15, and 20 percent rhenium are shown in
Table No. 1. Theqe cost estimates are based on raw material costs and fabrication
and separation co_ts of $.41 per gram of alloy. No extensive cost research was
carried on to refine these particular numbers inasmuch as the reactor costs may
discourage further investigation.

The irradiation process is shown in Figure No. 2, The calculation of the build-
t_ of rhenium-tungsten a.1.1.oy and osmium was made using conventional buildup and
burnout equations. The neutron flux and amount of tungsten that can be irradiated
per column of ._7 slightly enriched uranium was obtained from 14_DA, a lattice
_ics P-3 computer code. The calculations were made assuming the reactivity of
the enriched uranium, tunpten lattice was e_uivalent to that of a natural uranium
lattice. Calculations were made for both small and K reactors. The rather small
differences between the two reactors were averaged as was the cost of neutrons.
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Table No. 1

COSTS FGR REACTOR FORE_ RHIIm4

One k.g of ._ One kg of' 10_ One kg of 15_ One kg of 20_
Rhenium-Tungsten Rhenium-Tun_ten Rhenium-Tungsten Rhenium-Tungsten

Grams Rhenium 50 I00 150 200

Gramsos=tum 3 15 35 87

Irradiation Time/D_s 350 820 1 350 2 i00

Gra=seu Loss _].._ 89.8 ]-_..5 _.2

co,t

Raw Material, Fabrication_ and
.Separation _iI _16 _ _6

Irradiation 1 000 2 160 3 500 5 _00

cost/ks_.1oy Sz _n Ss 576 $39_ $5 8_

Reactor Capability
kg Alloy/Year 12 000 5 500 3 500 2 200
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