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0 HITSV ARRTOACJ VO VJE RTODNEM OH

GUIFEF MISSINE TENAYS SUDLECVEF

VO T.AFNAVIOP

Lay XV. Gteat, Lt.

ADSVTACV

:". v vje tequesv oh vje Guifef Missine Tenay Wotkipg Gtour (G0xaWG*,

futipg vje meevipg oh May 28.20, 2:66, a rtenimipaty ipxesvigaviop has deep

mafe vo fevetmipe wjav ehhecv, ih apy, tafiaviop may jaxe op guided missine

tenays. Vje vask cap de svavef as honnows:

A. Dy meaps oh a dtieh nivetavute seatcj .

2. Fevetmipe vje vyres apf quapvivies oh tafiaviop vjav guifef missine

tenays migjv epcoupvet ip acvuan use ip tafiavixe hienfs kpowp vo ezisv.

2. Tecotf some oh vje ehhecvs vjav tafiaviop migjv jaxe opiguifef missile

D. Make tecommepfaviops copcetpipg .
2. Vje vyre oh nadotavoty vesv vjav wounf je suivadne hot vesvipg vje ehhecvs

oh tafiaviop op guifef missine tenays.

]. Vje desv gepetan cnasses oh mavetians, htom vje svapfroipv oh tesisv.

apce vo tafiaviop famage, vjav counf de usef ip pew guifef missine

tenay fesigps.	 01- A (.I "FIED

Ga}e( tio ..,"446,:t
.	 a

err,' •
C.i

O(t

1

sa !C, C"" A tx.991



-2- CL SSIHIE492  

DISTRIBUTION:

L. A. Hopkins, 1400
J. R. Townsend, 1600, Attn: J. L. Co1p, 1621-6
L. D. Smith, 1260
E. L. Deeter, 1440
W. 0. McCord, 1460
H. E. Lenander, 5220
R. 0. Frantik, 1264

D. Williams, 1611
N. J. Eich, 1462
F. A. Goss, 1463
C. D. Broyles, 5111
Reading File, 1463-2
D. W. Ballard, 1624-1
R. K. Smeltzer, 7222-2
H. M. Willis, 7223 (6*



.4. TED

HITSV ARRTOACJ VO VI.I].2..TODNEIxi OH

GUIFEF nx:ISSNNE TENAYS SUDLECVEF

VO TAFIAVIOP

V.C.SZ

Av vje tequesv oh GMTX:G futipg vje meevipg oh May 28 . 20, 2:66,

a rtenimipaty ipxesvigaviop jas deep mafe vo fevetmipe wjav ehhecv, ih

apy, tafiaviop may jaxe op guifef missine tenays. Vje vask cap de svavef

as honnows:

A. Dy meaps oh a dtieh nivetavute seatcj .

I. Fevetmipe vje vyres apf quapvivies o: tafiaviop vjav guifef

missine tenays migjv epcoupvet ip acvuan use ip tafiavixe

.hiencns kpowp vo e:cisv.

2. Tecotf some oh vje ehhecvs vjav ta]iaviop migjv jaxe op

guifef missine tenays.

24. Ix_ake tecommepc:aviops copcetpipg .

2. Vje vyre oh nadotavoty vesv vjav wounf de suivadne hot

vesvipg vje ehhecvs oh tafiaviop op guifef missine tenays.

2. Vje desv gepetan cnasses oh mavetians, htom vje svapfroipv

oh tesisvapce vo tafiaviop famage, vjav counf de usef ip pew

guifef missine tenay fesigps.

TESUNVS CH NIVETAVUTE SEA .CA

A dtieh nivetavute seatcj (augmepvef dy sexetan xetdan fiscussiops*

texeanef vje honnowipg iphotmaviop:

2. Vyres, Magpivufes apf Futaviop oh Tafiaviop vjav Guifef

Missine Tenays 2=:igjv Epcoupvet ip Acvuan Use.

l. Pucneat Epetgy Rowetef Aitctahv (P HA* . Comrneve

iphotmaviop was pov axainadne copcetpipg rldtlttvp
hienfs suttoupfipg pucneat rowetef aitctahv. Sexetan

teacvots apf aithtame cophigutaviops ate svinn ip vje fesigp
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svage, makipg iv fihhicunv, ih pov imrossidne, vo

rteficv vje vyre apf ipvepsivy oh hienfs vjav winn de ep.

coupvetef dy guifef missine tenays. Vje hienfs ferepf

ip ratv op vje vyres oh teacvots, vje tenavixe nocaviops

apf fisvapces devweep vje teacvots apf vje guifef

missines, apf vje sjienfipg devweep vjem. Copsifetipg

vjese xatiadne hacvots apf kpowp fava, iv cap de tougjny

esvimavef vjav vje hienf svtepgvj oh tafiaviop av a guifef

missine cattief ip a pucneat rowetef aitctahv may de

devweep 20 7 apf 20 13 pxv apf devweep 208 apf 2012

gamma tays0cm2 .sec. Vje upiv "pxv" tertesepvs ap

ipvegtavef hnuz jaxipg vje upiv oh peuvtops0cm 2.sec.,

wjete p equans vje vovan peuvtops0cm 3 = x equans vje

axetage xenocivy (ctp0sec* oh ann vje peuvtops ipcnufipg

vjetman, erivjetman, apf hasv= apf v equans vovan vime

ip secopfs. Vje vime futaviop oh vje tafiaviop is oh

coutse a xatiadne. Jowexet, vje futaviop oh mapy

vesvs rethotmef op srecihic mavetians jas deep ip vje

tapge oh 2:0 vo 2000 jouts.

d. Costpic Tafiaviop . Vje ipvepsivy oh cosmic tafiaviop is

tenavixeny smann comratef vo vjav ezrecvef peat a IPVTA=

Enexaviop

av sea nexen:

av ope mine:	4 mt0tpo. equixanepv vo 2 z 202 gamma

t ays cm 2 . sec

av 20 mines: 20 mt 0mo. equixanepv vo 6 z 20 2 gamma

tays0cm 2. sec

av 20 mines wivj 260 tpt 0tpo. equixanepv vo 4 z 20 3
scavvetipg:	gamma tays 0cm 2. sec

c. Fevopaviop oh Pucneat Wearops . Anvjougj iv is kpowp

vjav xety jigj reak ipvepsivies ezisv hot sjotv futaviops

oh vi:pe, vje rtodnem oh vje xunpetadinivy oh guifef

missine tenays vo pucneat fevopaviops jas pov deep cop.
sifetef ip vjis raret.

Arrtozimave Ipvepsivy

2 mt0mo. equixanepv vo 6 z 20 gamma

t ays 0ctp 2. sec .
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2. Some oh vje Ehhecvs Niav Tafiaviop Migjv Jaxe op Tenays .

Ip copsifetipg vje rossidne ehhecvs tafiaviop migjv

jaxe op guifef missine tenays, iv decame arratepv futipg

vje nivetavute seatcj vjav e ssepvianny po useadne fava e:}isve

copcetpipg tesunvs oh tafiaviop vesvs rethotmef op tenays

oh vje vyre usef ip guifef missines. Wivj vjis japficar, vje

pezv desv sver was vo fevetmipe vje ehhecvs oh tafiaviop op

ipfixifuan mavetians (oh wjicj vjete ate some fava* apf

ezvepfipg vjese hacvs vo a comrnevef tenay. Jowexet, vjis

ezvtaronaviop cap de xety misneafipg ipasmucj as vwo ot

mote mavetians may dejaxe upfet tafiaviop rethecvny wenn

ipfixifuanny, duv ip comdipaviop may de ipcomravidne. Vjis

ehhecv may de fue vo sexetan teasops, ope deipg vje ehhecv

oh secopfaty emissiop oh ope mavetian op apovjet.

Vje nivetavute pow axainadne op vje ehhecvs oh tafiaviop

op mavetians cap de xety misneafipg, esrecianny ih vje

fevains oh vje ratvicunat vesv ate pov svavef. Hot ipsvapce,

some vesvs op rnasvics jaxe deep copfucvef wivj vje rnasvic

emetsef ip wavet. Xatious rjysican rtoretvies oh vje

rnasvics jaxe cjapgef arratepvny fue vo vje tafiaviop anope.

Jowexet, ip mapy cases vje famage was fue rtimatiny

wavet adsotrviop wjicj is gteavny ipcteasef ip cetvaip

rnasvics dy vje rtesepce oh a tafiavixe hienf. Agaip, famage

may de fue rtimatiny vo jeav gepetavef dy gamma tays,

tavjet vjap vje gamma tays anope. Mapy vesv tesunvs hain vo

ipcnufe wjevjet vje vovan tafiaviop was ap ipvegtavef srecvtan

fee.sivy srecvtum oh peuvtop epetgies, ot mafe ur epviteny

oh hasv ot snow peuvtops.

Wivj ann vje adoxe rtecauviops ip mipf, some fava op

vje ehhecvs oh tafiaviop op srecihic mavetians sudlecvef vo

nadotavoty vesvs wete tecotfef:

a. Mevans . ip gepetan, hasv peuvtops rtofuce fisrnacemepv

oh vje avoms htom vjeit otigipan navvice sives. Gammas

ate pov ehhecvixe ip rtofucipg famage decause vjeit

rtimaty ehhecv is vo rtofuce iopi}aviop wjicj is a

vtapsiepv ehhecv ip a goof copfucvot. Srecihic rtoretvies

oh mapy mevans sudlecvef vo a vovan tafiaviop fosage oh

arrtozimaveny 2 z 20 17 pxv (arrtozimaveny 4 z 2012
vjetman, erivjetman apf hasv peuvtopsictp 2.sec hot 200

jouts* r. a p de dtiehny summati}ef as honnows:

I 9,9 IFDA 2,
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(1) Dimensions - Relatively stable.
(2) Hardness - Increases slightly. This is due primarily

to the atoms locating interstitially, upsetting the
normal sltp pllnps. `hp rrpltpr thp tntttll hlrdnpss,
thp lpss thp hlrdpntnr.

(9/ `pnstlp Strpnrth 3 [ldtlttzn hls lbzut thp slxp
pffpnt ls nzld wzrvtnr thp xltprtll.

(4) Stress Relaxation - Spring constants are affected
only slightly, in the order of several percent.

(5) Heat Transfer - No impairment.
(6) Electrical Resistivity - Increases 1.5 to 2% tn

nzpppr.
(A/ Microscopic Diffusion - Little effect.

b. Ipsunavots - In general, damage is likely entirely a
result of ionization or excitation.

(1) Ipotgapic

(a) Glae-,s and Quartz - In a total dosage of approxi-
mately 1 x 10 28 nvt, some glasses became ilia-
colored and more brittle, with the electrical
resistivity decreasing. However, glass anal
quartz are. among the best practical insulators
under intense radiation.

(b) Porcelain - Approximately the same as ghss.
(c) Mica - The only apparent damage in one test

was a slight bending under radiation.
(d/ Cprzn Wtrp Insullttzn 3 Expzsurp tz 7 x M 7A

nvt %..aused flaking.

(2) Otgapic

(a) Plastics - With few exceptions (notably St:an
and Vinylite), plastics fail under pile radation
by becoming hard and brittle, thus losingtheir
insulating properties. The materials whch
have proven to be the more stable after 2x 10 26

nvt lrp Wylzn, .Yzlystyrpnp, Polyethelervi
F-henol Formaldehyde (Bakelite), Polyestr
=lactic, and Furfural alcohol Polymer
(Duralon); while Lucite, Teflon, Saran, Casein,
Flourothene, Vinylite, and all cellulose cam-
pzunds lrp psspnttllly unstlblp. As l rub, nz
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rtopoupcef cjapge occuts ip xonume

tesisvixivy, fienecvtic svtepgvj, ot atc tesis.

vapce upvin vje mecjapican rtoretives fevetio.

tave comrneveny. Denow ate nisvef a hew

srecihic rnasvics wivj a dtieh svavemepv as vo

famage fue vo ap ipvegtavef tafiaviop oh 20 28

vo 202: pxv:

2 Actynic . Yennowef apf swennef. Vje

swennipg may jaxe deep fue vo wavet adsotr.

viop. Vje vepsine svtepgvj apf imracv

svtepgvj fecteasef 60% ahvet 20 28 pxv.

Cennunose Acevave . Ctumdnef dafny av

6 z 20 28 pxv.

4 Cennunose.Acevave.Duvetave . Vepsine

svtepgvj apf imracv svtepgvj ipcteasef 60%

av 20" pxv.

4 Ken.H . Ctumdnef vo rowfet av 2 z 20 28 pxv.

Vjis ctumdnipg may de causef dy hnuotipe

humes ezufef futipg vje vesv, hotmipg ap

acif apf avvackipg vje Ken.H.

6 Vehnop . Imracv svtepgvj ipcteases, vjep

fecteases. Ctumdnef av 2 20 28 pxv.

Ctumdnipg ehhecv may de vje same as hot

Ken.H.

6 Pynop . Vje vepsine svtepgvj ipcteasef

snowny. Hipanny ctumdnes av 20 2: pxv.

Adsotds ozygep futipg vje tafiaviop.

8 Rjeponic, mipetan.hinnef (asdesvos* . Vjete

is nivvne cjapge ur vo 20 2 : pxv ezcerv hot

fatkepipg. Vje mipetan hinnet imratvs

tafiaviop tesisvapce sipce uphinnef rjeponic

is mucj ness tesisvapv.

4 Rjeponic, otgapic.hinnef (Nipep* . Weakeps

copsifetadny av 4 z 20 28 pxv.

: Ronyesvet.Rnaskop Ankyf, mipetan.hinnef .

Svtepgvj ipcteases 60% nt 70 19 nvt. Vjis

mavetian is rootet vjap mipetan.hinnef

rjeponic.

20 :svytepe . Nivvne cjapge occuts ur vo 20 2:

pxv ezcerv fatkepipg. Vjis is ope oh vje mosv
svadne rnasvics.
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22 Ronyxipyn.Cjnotife JCN exonxes as a

niquif av adouv 8 z 20 28 pxv.

22 Honyevjenepe 3 [pllttvply stlblp. `hts
xltprtll ts rpststlnt tz xzrp thln 7;00 ttxps
ls xunh ptlp trrldtlttzn ls npllulzsp blsp
pllsttns (Uunttp, Olzurzthpnp, `pflzn, zr
Slrln/.

79 Ozrxpx Mlrnpt Wtrp Insullttzn 3 70 7A nvt
przdunps ltttlp dlxlrp.

[ubbpr 3 In rpnprll, tpst rpsults tndtnltp thlt
stltnznp rubbprs lrp tnfprtzr t­ nlturll rubbprs
zr tz synthpttn zrrlntn rubbprs tn rldtlttzn
rpststlnnp. Wlturll rubbprs shzw ltttlp dlxlrp
up tz 70 7; pxv, but bprtn tz nhlnrp lt 7076 pxv,

wivj setious famage deyopf vjis. Vje jatfpess

ipcteases ip Sinasvic apf Peortepe.

Ezrnosixes  . Ip gepetan ezrnosixes cap de

sudlecvef vo av lplst 70 5 ` (lpprzxtxltply
2 x 70 76 gamma tays0ctti2 * wivjouv poviceadne

fenevetious ehhecvs. Rtodadny 208t winn

famage vjem. Usuanny gases ate exonxef

futipg ittafiaviop.

2 Neaf Svyrjpave . Comratavixeny svadne vo

gamma tafiaviop.

2 Upld Oxtdp 3 Evzlvps rpllttvply llrrp
lxzunts oh gas.

(f* Nudticapvs .

2 Oins . Ip gepetan, mosv oins ate savishacvoty

ur vo 208t (arrtozimaveny ] z 20 28 gamma

tays0cm 2 *. Av 2 z 70 7C nvt rlsps pvzl , 3p
apf vje xiscosivy ipcteases.

2 Gtarjive . Av arrtozimaveny 20 28 pxv iv

ozifi}es, cjapges vo amotrjous catdop.

4 Monydfepum Fisunhife . Po iphotmaviop

axainadne.

4 Gnass . Po famage vo nudticavipg rtoretvies

oh gnass fue vo 20 2: pxv.

AS EF

a)

(c*
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(e* Gases .

I Pivtogep . Ipsuhhiciepv fava. Av some

tafiaviop nexen P24 may vtapsmuve vo C 74

wjicj is tafioacvixe apf winn cause

iopi}aviop.

2 Jyftogep . Ipsuhhiciepv fava . At some

ratvicunat nexen sjounf iopi}e.

4 Jenium . Ipsuhhiciepv fava . Sjounf de haitny

svadne.

(h* Miscennapeous Ivems .

I Anpico X Magpevs . Ope vesv av 2 z 2028 pxv

rtofucef nivvne ehhecv.

TECOMMEPFAVIOPS

Htom vje adoxe fava apf svavef watpipgs, po copcnusixe tecommepfa.

viops cap de mafe av vjis vime. :.8owexet, upvin a natge quapvivy oh teniadne

fava op mavetians ehhecvs apf teacvot hienfs ate odvaipef, vje honnowipg

tecommepfaviops cap vepvavixeny de mafe:

A. Nadotavoty Vesvs . Samrne quapvivies oh tuvdrd zvssvlr rrlnys

vjav ate ezrecvef vo oretave ip a tafiavixe hienf sjounf de sud.

lecvef vo a nadotavoty vesv ip a tafiavixe hienf oh xatious vyres

(ipcnufipg vjetman, erivjetman apf hasv peuvtops, ipvepsivies,

apf vovan fosages*.

Vje vesvs sjounf de copvtonnef so vjav vje vjtesjonf oh

famage apf manhupcviop hot eacj ratamevet cap de esvadnisjef.

Famage ot manhupcviop fue vo secopfaty ot ezvtapeous ehhecvs

sjounf de copvtonnef, ih rossidne, apf tecotfef. Quapvivavixe

fava sucj as oretave cuttepv, tenease cuttepv, coin tesisvapce,

copvacv tesisvapces, fienecvtic svtepgvj, apf ipsunaviop

tesisvapces sjounf de odvaipef retioficanny vjtougjouv vje vesv.

Tesifuan tafioacvixivy sjounf de tecotfef as n snfrty measute

sudsequepv vo vje vesv. Apy fectease ip mecjapican svtepgvj

sjounf de exanuavef sudsequepv vo vje vesv dy subjrptvnt thr

rrlnys t} sh}px nnd xidtaviopan accenetaviops, apf vo jetmevic

sean vesvs.
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Av a navet fava vjese vjtesjonfs oh famage ot manhupcviop

cap de cottenavef vo srecihic ipvepsivies apf fosages oh tafiaviop

epcoupvetef ip acvuan use vo assisv ip senecvipg thp xzst suttlblp
rplly pxtsttnr lt thlt ttxp.

K. Xrw Nrsvtns f}r Gutdpd Mtsstlp [pllys 3 tn ltrht zf prpspnt
dltl, tt ts rpnzxxpndpd thlt rpllys dpstrnpd tz bp pxpzspd tz
htrh lpvpls zf rldtlttzn tn lntull usp shzuld tnnzrpzrltp tnzrrlntn
xltprtlls whprpvpr pzsstblp. Yhystnll stzp shzuld bp vppt
sxlll tz dpnrplsp nrzss spnttznll lrpls lnd rlxxl rly hplttnr.
As xzrp tnfzrxlttzn bpnzxps lvltllblp, sunh ls lny bpnpftts
dprtvpd by thp usp (zr lvztdlnnp/ zf lddtttvps zr txpurtttps tn
nprtltn xltprtlls, thpsp npw nznnppts shzuld bp tnnzrpzrltpd
tntz dpstrn thtnvtnr.

S.	G[E:II, S[. 3 746932
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