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The T intense neutron source, INS, 1s propcsed as a “guasi”™
paint source in order to achieve high encugl neucirsn £oaxes 1o be
uscful for accelerated irradiation studies. As 3 conseguen.e, tne
1/r° fall-nif of the primary li-MeV flux along with the reiativerw
unifure distribution of back-scattered lower en. -2 neutrens pro-
vlde a limited high-flux irradiation wvelume. For example, a scurce
Atrenptih of 3 x 1017 neutrons per second eranating isceroyitaly
frum a l-vm diameter spherical source will ~rovice only abour 1070
vm? of volume within the tailoring blanket which car % used for
the purpose cof radiation damape evaluations (- 14 dpa‘wear,. Suh
a osmatll avallable olume will require miniaturized experiments ani
it ated dianenostlies to operate within the confining spyce - f
i e rniloving Plankt.
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!“¢ neuvlrun spectrur. at scveral! radial pceiticns in the sazple
irradiatier regian of the s:gndard bianket have been corpared tn a
Teeanar {irst-wall spectrum.? There are only minor differences be-
fuern the differ-ni:ial ncuz'on spectra for INS with the standard
Lieneet and T spectrun -alculated for a fusion {irst wall. A rore
inziructive comparison aof the INS spectra, including the bare source
ans the -tandaré “lanket source (r = 2.45 cn), with a fusion first
will ind other relevant neutron spectra is given in Fig. 3. In com-
Lat it the first-wall recoil spectra fer iron [Fe). we found the 1IXNS
Planket and the UWMAFK-1 essentialiy the sane avd »rarzatericrioazll.

.ot from the spectra of the fission, pure li4-MeV, and D-Li

. C
S VMY mruroem.

JAMANE BRSLGRSE TO NEUTRON ELVIKONMENT

: Pve examine, bath theareticallr and experipentally, the
sereeranit oo and disdpreesents between the diffcerential neutron and
oo il wpertra expected at irradiation test facilities and thore

-oortry exre.ted in g fnsion reactor. These comparisons rranslate
a2t e e zar UnJderstanding of characterist!ic displacement cross

Dite. averdue redull encrejies and helium- and Lvdrozen-predus-
i e Sertiowe, Rendl enerpy determines the nature of the
: wment cascade and piavs an Izpertant roie ip deterrining the
cvare o the Jdamace Hiatc, a8 shown the reticaiiz® oand exper-

)

Pae rohee oF caa oproadunstlon lhos recudved a considerat le amount
it 00 e taterials compunity hecause it is considerably
ToretoLn tusicn rea turs tlhan ia fission reacters. This difference
ozt Te emp ressed b calceulations of the ratio between the dis-
oo crant cress section and the gas-production (usually helium)
s w1 Lice; tinerefore, we emplow these twe intrinsic properries

YA S A S g}

A werviile aritieal probler in mechanical deripn of a fusion
1- : Ler in tie sweiifng dud te irradiations. Moast theeries include
Datameters displacenent rated, fluk-tines-displacement cross

costiens oamd eas cprerat fop orates, Clux-times-as production cross
e st e, st asnally not the erfests of recull energy.  Relevant

pararmeler . Sor the neutron spectra considered are listed .n Table I.
e oapecin] converter referred e in Table 1 1+ similar te the stand-
ard Yanket but has no lithium liacr and the uraniurm shell comes
Moariy e Yy tine neutron seurce walle  Althoneh this is not a very
et ieal ceafignratior, it reprosents tie pear fLux conditions

a ndeet e with oa hlankot.
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Normalized primary recoil spectra for varivus sceurces.
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CORRELATINNS FROM BASIC SWELLING THEORIES

To 1llustrate 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 Haynes8 to
hvpothetical S$S-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 II (EBR-
II).B' 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 proaduction rate, Kg. 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 = [a Ig (Kt) & (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-Hayres results were only given for one displace-
ment rate (1076 dpa/s), we must assume that by normalizing the neu-
tron fluxes given for tre sources in Table I 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-Havnes 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 11

SWELLINY: DATA FOR THE DIFFERENT NENTRON SOURCES

Production of dpa neressary
Dezcrlption Tutal Flax Displacement Held fum frr S, ewelling
of 2 at Suuec 700°C
Sonrce {(n/cm”/8) (dpa/n) (apa/s) (dpa) (dpa)
UWMAK-1 14 =7 -2 .
flrst wall 9.7 x 10 4.7 x 10 6.0 x 10 9i 107
B e e e e et et e s
s = Stundard 14 -7 12
g~ Stavdar 1.6 x 10 2.6 x 10 1.3 x 107" a ~150
3 « Converter
E ]
nE Speclal 1.3 x 10%° 1.4 x 1076 1.8 x 16711 80 i
w o Converter
i
v E - .
¢ ofStandard 5.6 x 1014 1.2 x 1078 20 w0 '8 al
S i ]tonverter
@ o 4 |
Z ©\1i Mev 3.9 x 10° 1.1 x10°° 7.ia t07! 8 4
D14
(J5 MeV 0%) 1.0 x 10° 2.7 x 1078 52w M e8 2
IFIR 3.3 » 10" 8.2x107  7.0xa0"! S0 0"
15 6 13

EBR 11 2.7 x 10 1.2 x 107 At ox 107 ey S W



distributions of the neutron flu» are similar. In both the IXS
with blanket and at the first wall of 2z fusion reactor, there 1is a
radial source flux component of 14-MeV neutrons and a more or less
isotropic flux ccmponent of low energy (< 1l4-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 turees

of neutron 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
arc 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 sounrces 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
tne fusion conditions available at the INS would play ar important
rolc 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 firei wall.
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