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The T intcnse neutron source, INS, is propessd as a “guisi”™
point source In order to achleve high encugh neutren Quxes 2o be
usejul for accelerated irradiation studies. As 3 conseguen.e, tne

r~ fall-ni{

of

the primary li-MeVU flux along with the relativeiw
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in¢ neuvtron spectrur. at several radial pcsiticne= in the saznile
irradiatien repion of the s:gndard blanket have been cormpared ton a
Toranan {irst-wall spectrum.? There are only minor differences be-
tart the different:al neutron spectra for INS with the standard
Llenret and tne spectrusn :alculated for a fusion Iirst wall. A rore
in=2ructive comparison of the INS spectra, including the bare source
and the -zandaréd “lanket source (r = 2.45 cm), with a fusion first
wall and other relevant neutron spectra is given in Fig., 3. In com-
gl ity tie firet-wall reconll spectra fer iron f{Fe), we found the ILS
tlanket and the (WMAK-1 essentializ the sane ad srnarzziericriazil.

Lo from the spectra of the fission, pure la-MeV, and D-L1

" a =" . TS
=M DY) mrurces.

DAMAGE RERUONSE TO RNEUTRON ENVIKONMENT

W osoeed ot examine, bath theureticallr and experimentally, the
soreerent o and disapreesents between the diifcrential neutron and
T o=tmertra expected at irradiation test facilities and thoge
--otrg exrested In a fusfon reactor., These comparisons rranslate
I 0. g mui ¢ undder=tanding of characteristic displacement cross

tonee averdae recofl encreies and helium- and Lvdrozen~-preduc-
rin or e wretiore, Re:ndl enerpr determines thiee nature of the
Pl ement cascade and plavs an impertant roie in determining the

cUave 1 the Jarase d4tato, a8 shown the reticaliv® and exper-
» -
e T oole of pas opreduction has recodved a oconsiderat l¢ amount

teeme arn in tine materials comrmunity hecause it is considerably
Picel Lnmo tusich rea turs than In fission reactors. Th's difference
cotat i ey veessed by calculations of the ratio between the dis-
caemant crass section and the gas-production (usually hellum)

roas s ticar therefore, wo emplov these twe intrinsic properties
Tt nenirneon apectrum,

A percjble oritical problem in sechanical design of a fusion
1 : Lor in the swelling due te irradiations. Most theories inelude
D areters dfsplacenen: rates, flui=tines-displacement cross

o tiong and eas cperat fop rates, flux-times-pas product fon cross
st one, Tt usually not the eifects of recoll energy. Relevant

pararaeter. Tor the neutron spectra considered are listed .n Table I.
e oapecinl converter referred te in Table 1 1+ similar te the stand-
ard Ylaneet but hag no lithium liner and the uranium shell comes
Neariy e ' the neotren seurce will.  Althourh this is net a very
tractival cendiguratior, it reprosents the pear fiux conditions

a nivvathy with o blankot.
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CORRELATIONS FROM BASIC SWELLING THEORIES

To illustrate the effects of the differences in neutren spectra
from the INS and other neutron sources and fusion reactor spectra,
we have applied the swelling theory of Bullough and Haynes® to
hvpothetical SS-316 irradiations. This theory predicts that the
swelling can be dependent on the gas (helium) generation rate and
calculations have been compared with results from the High Flux
Isotope Reactor (HFIR) and the Experimental Breeder Reactor II1 (EBR-
II).3' The Bullough-Havnes paper has a complete discussion of
these calculations. Using their calculated swelling data for SS-
316, we have established a very simple correlation between swelling,
S, gas production rate, K,, and displacement rate, K. Up to an ex-
posure of 100 dpa, swelling can be expressed as

: ('2<Kg'T) \

K Cl(K ,T)
s = (a8 (Kt) B (1)
K

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-Hayres results were only given for one displace-
ment rate (10‘6 dpa/s), we must assume that by normalizing the neu-
tron fluxes given for thte sources in Table T that meaningful results,
in a comparative sensc 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 swelling 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 the Bullough-Haynes data directly apply to the
calculat »d displacement rate for each source. Thus, the gas genera-
tion rates used are the real rates in each source.

SUMMARY

The approximation required to apply the Bullough-Haynes results
to the present calculations is somewhat crude and may imply that rhe
details of the results contain considerable error. llowever, when the
results for each neutron source are viewed in a relative context,
several valid and important 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 the neutron
spectrum and recoil spectrum data from Fig. 3. A further comparison
with a fusicn reactor shows that even the spatial and energy
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Fig. 4. Swelling for S55-316 at 700°C in various neutron sources.

TABLE I1

SWELLINYG DATA FOR THE DIFFERENT NEUTRON SOURCES

Production of Jdpa necessary
Description Total Flux Displacement Helfum for 5% swelling
of 2 at Su0°C 700°C
Source {n/cm”/8) (dpa/n) (apa/s) (dpa) (dpa)
UWMAK=1 14 -7 -1? .
first wall 9.7 x 10 4.7 x 10 6.4 x 10 9i 107
g e e e e
s = dard 14 -7 -12
g =~ Stundar 2.4 2 10 2.6 x 10 13 %1078 2 ~150
3 « Converter
¥ G S {al 15 6 11
A E Specla - - .
~ £ o ertor 1.3 x 10 1.4 % 10 1.8 x 10 80 43
v L
¢ E - -
¢ cfStandard 5.6 x 1014 1.2 x 1078 21 w0 78 al
® mjConvirter
@ o 4 [} 11
2 ©\é Mev 3.9 x 10° 1.1 x 10 i x 10 8 a2
-1
(J5 MeV 0%) 1.0 x 10" 2.7 %1078 52 kg0t a8 0
HFIR 3.3 10'3 8.2 x 1077 7.0 x 1071 S0 1
15 6 13

EBR 11 2.7 x 10 1.2 x 107 a1 x 107 ey ~ 500



distributions of the neutron flux are similar. In both the INS
with blanket and at the first wall of 2z fusion reactor, there is a
radial source flux component of l4-MeV neutrons and a more or less
isotropic flux ccmponent of low energy (< l4-MeV) neutrons. One
must therefore conclude that from the point-of-view of neutron ra-
diation damage, the INS with a blanket, wnlike all the other turecs

of neutrorn soircesc, is not a simulation envircnment. It is, in
fact, 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 from 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-MeV, and the fusion first wall have been describedlO 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 sources included would provide useful information.
Each source has a characteristic swelling curve 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 ar important
role in developing data correlation procedures. One of the data
sets in the correlation scheme would be based on an irradiation en-
vironment essentially the same as in a fusion reactor firci wall,
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