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CORRE1.;,TICJ::5FROM BASIC SL’ELLI:iCTHEORIES

To illustrate the effects of the differences in neutron spectra
from the INS and other neutron sources and fusion reactor Spectra,
we have applied the swelling theory of Bullough and Haynes to
hypothetical SS-316 irradiations. This theory predicts that the
s~c!ling can bc depcndc-nt on the gas (helium) generation rate and
calculations have been compared with results from.the High Flux
Isc]tope Reactor (HFIR) and the Experimental Breeder Reac:or II (EBR-
11).3-~ The B~llough-Haynes paper has a complete discussion of
these calculations. Vsing their calculated swelling data for SS-
316, we have established a very simple correlation between swell:ng,
S, gas pr~du[Lion rate, ‘E ‘ and displacement rate, K. L’pto an ex-
p.>surcof 100 dp:i, swelling can be expressed as

()C7 K ,T

()

K-x
()

C K ,T’
s ‘ A $ (Kt) 1 g . (1)

A function such as Eq. (1) can be used to predict swelling under
various irradiation conditions where it is expected to applv. Be-
cause the Bullough-HayI es r~’suits were only given for one displace-
mt’nt rate (10-6 dpa/’s), we must assume that by normalizing the neu-
tron fluxes given for tte sources in Table I that meaningful results,
in a comparative senst- can be obtained. Note that this procedure
alters the gas production rate but preserves the ratio of gas pro-
duction rate to displacement rate. The swellil,g vs dose calculated
at 700°C in Fig. 4 is obtained using this procedure.

In Table II, the anticipated dose is given in displacements per
atom required to reach 5 percent swelling; however, for this calcula-

tion we assumed that tl~eBullough-llaynes data directly apply to the
calculated displacement rate for each source. Thus , the gas gsnera-
Lion rates used are the real rates in each source.

S LJMM4RY

The apprclsimation required to apply tl~eBull~ugl:-Haynes results
to tilepresent calculations is somewhat crude and may imply that the
details of the results contain considerable error. however, when the
results for each neutron source are v4.eh’edin a relative context,
several valid and impc,rtant observations can be made, The almost
identical swelling results obtained for the INS with a standard
blanket and the fusion first wall are most striking. This fact is
not surprising when one recalls the close similarity of th~ neutron
spectrum and recoil spectrum daLa from Fig. 3. A further comparison
with a fusi(-n reactor shows that even the spatial and energy
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distributions of the neutron flux are similar. In both the I}~S
with blanket and at the first wall of a fusion reactor, there is a
radial source flux component of 14-MeV neutrons and a more or less
isotropic flux ccmponent of low energy (< 14-Me\’j neutrons. One
must therefore conclude that from the point-of-view of neutron ra-
diation damage, the INS with a blanket, unlike all the othc.r t;l;ez

~~ rkeat.mc s02L_ces, is not a simulation envircnrent. It is, in
f;ct, a small scale fusion device, and data obtained from INS ir-
radiation experiments would represent fusion reactor results. Such
data could then be used to develop correlative procedures for ap-
plying data obtained f~om other simulation sources to fusion re-
actor conditions.

Another point is the similarity of the D-Li neutron source and
a 14-MeV neutron source and their relationship to the fusion first
wall and INS blanket conditions. Although the relationships of
D-Li, 14–!leV, and the fusion first wall have been describedl” and
are now well recognized, the calculated swelling results describe
these relationships in a physical context.

The variation of the calculated swelling curves indicate that
all of the neutron sollrces included would provide useful information.
Each source has a characteristic swelling cur’:e that predicts a broad
range of experimental results. If these or similar trends are found
in experimental results from neutron irradiations, the inclusion of
the fusion conditions available at the INS would play an important
role in developing data correlation procedures. One of the data
sets in the correlation scheme would be based on an irradiation en-
\Tironment essentially the same a~ in a fusion reactor firs:.wall.
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