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Neutron Radiation Damage from Actinide Decay
and Fission in the Hanford Waste Tanks

R. T. Perry
Reactor Design and Anal ysis Group

Los Alamos National Laboratory
1,0s Alamq NM 87545

Introduction

The absolute neutron flux and neutron damage parameters in the steel walls of

Hanford Site Waste Tank 101 SY w Richlmd, Wtishington, were determined to ascertain

if significant neutron radiation damage had occurred from the stortige of radioactive

waste, The tank had been in operation for many years. The tank contains actinides of

various species and other radioactive ma[erial in various concentrations in approximately

1 million gtil. of waste sludge. Bectiuse the t~nk obviously is not, and has not been

critical, itny neutron flux in the tank must be the result of the neutron sources in the tank

imd their multiplictition through fission of [he fissicmitble material present in the tank,

There are six possible sources of neutrons in the tunk, l-hey arc: (ulphti,n)

rcwuions, spontaneous fission, (gamma,n) reactions, cosmic rays, de.litycd neutrons iind

the fission process i[self. In [hesc utilcultitions, we mtidc consemtitivc estimti[es of [he

timounts of radioactive isotopes thti[ rcsul[ in lilphii dcctiy, gitmnw pri~dut.tiort, and

spont;~ncous fissi~m in order [o ~’[ll~illiite [he nculrmt source from Ihcsc proccsscs.

(’osmic rilys :~n(.1Ut!lilyCd rwutrons ilS a nculrfm source wvre also twnsidcredl A

hist(wy OILthe [unk iirc not WWII knt~wni ‘l-hi , nculror source was used itl ii nclllron

the suhscqucnt ncutmn fluxes. ‘1’hc abso]utc flux wiIs used IL) dcturminc the tii(lia[i(m

(Iillllll~C piltllll)~’lcrs ()( helium pr(du(ti(m, Ilydrogcn pr[xlm.titm, and (Iisplilc’l!llll’ 111pcr



Determination of the (alpha, n) and Spontaneous Fission Sources

An experimental de[erminalion of the absolu[e activity of each of Ihe aipha

emitting radioactive isotopes in the lank, or a list of the absolute activity of each of [he

isotopes subject to spcmraneous fission, did not exist. Thus, the TRAC [ 1] computer

code, which gives a calculated estimate of the iso[opes and their activity in it tank, was

used. We have found that TRAC results arc not iI reliable source of in formti[ion, [bus this

output was used us a starting poin[ for a list of isotopes in the ttink and as an indicittion of

the rela[ive magnitudes of the various isotopes. Euch isotope’s uctivity in this list was

nomudized to the activity of the 279Pu in the list and then multiplied by [he maximum

value of [hc activity of 2~9Pu [2] thilt hiId been found expu-imenttilly (i.e., 2.71 x lo-~

Ci/cn13), If there was an experimentally determined viilue 131 of tiri iso[opc, iind it was

larger ihiin thtit ob[iiin~d from the nonmdizilticm, it wiIs rcpltiued with the higher viIluc.

Thti final Iis[ of isotopes, their tictivity, number density, arl~ III:ISS, used in the culculu[ion

to dtkrmine the (iilphii,tl) source ilnd spontilneous fission smme, is given in “1’iibl~ 1,

Wc considered three rcprcsenliltivc sludges 13,4] or slowing down mediums for

the (alpha, n)production, ‘l’he ticlivities from Ttible I tind ii slowing down nmiium were

th~ input I(J the SO(JR(’[;S IS] LIOd C,which ~-ill~-i]lil[~s [he (iilphil, n) ilnd spt)ntiln~(}lis

fi\\llm ncutr(~n w~urccs. “Imhcrcprvw’ntiltivc SltlllUc c(mlp[~scd of nilrogl’n. 57°0” ii/();

oxygen, 37,2X5 ii/(); chlorine, ().2HX ii/(); ph(~sph(mls, (), 107 ii/()~ c$(lrb{m, 1.702 ii/();

hydr~)gcn, 43,773 ii/(); sodiull] 9,76S ido; illut)~ir)iln), ! ,134 ido; iind l)oti~ssi~lrl~, (),2{)2 ii/()

rusultul in Ihc highest (ii]phil, n) pr(ducti(m (}( 1302 t~ciltrot]s/ctl~l.s, ‘I”hc ~l)ot)[iii)coiis”

fissi(m k(mrt’r WilS I7 nclltnmY/cvll l-s,

‘1’hcw rcsulls ilK’ very Li(mw’rvilliv’c. (irL’illL’r Illilll ‘){)rX (11 Ihl’ (llll~t)il,ll) m’utr(~t)s

r~’suit !“r(~lil IIIC dcL.tIy ~d”“4 lAI1l, An cxpcriltwnt:il villii~ I.!l I’or 241A111ii(tivi[y is (),,!4

p(’i/t’tll ‘. “1’hc’Villtll’ U\L’d in IIIL’ L’illL”lllilli[Hi ifi 5.4 I X 1($ p(’i/t’111 ~. ‘l’tIL! il~’livily [)1’ ‘101)11

10 whiuh l!lc iw}l(yw$ wur~ lN)rll)illi/l!(l, Ilw lllilXlll)lllll (’xpcrirm:rll;ll v:llllL’ limnd, wl~ultl

1~’il(l 11) il Il)lill lllilS\ t)t ‘ A“’’l)u ii] Ihc li~t)k (d” I, IIV)7 g, ‘1’IIC Illllllillill V; IIIIC (J1 “ “’1’11 Ill II){!

,)



tank is 910 g. The maximum experimenml value 13] of alpha activity in sludge is on the

order of ().7 pCi/cm3. The total alphti activity in Table 1 is 5,46 x 1(F ~Ci/cm~, Thus,

the calculated neutron source is probfibly scverid orders of magnitude greuter thiin the

acmd source.

Determination of the (gamma,n), Cosmic Radiation, and Delayed Neutron Sources

None of the radioactive isotopes listed in the TRAC outpur noted tibove, dec~iy

with a gamrnu of sufficient energy to pr(tiuce d (gamma,n) rcmion in deutcrium, which

hus a threshold of 2.2 MeV. With the excep[ion of beryllium, till mher thresholds for

(jvmmw) prdllcti~~n cxcwl 2.2 MeV. Thus, the only source d’ gammils of suf”ficicnl

energy to undergo a (gtimrna, n)reaclion would bt the result of il ctipture gtimmu or

fission, We mode the assumption thti[ till neutron sources result in a citpIure und produce

a ~iiptu~ g~inm)ti in [hc range of 7 to H MeV, These g:I:lmIiIs were used us ii source in ii

ON EDANT 161 [rtinspor[ c;llculution to iisccr[:tin ti g:in~nlii flux, The MAI’XS7 17I 24

gtitlltlli~ erwrgy gr(mp L.KNSsections were usc(i in the !rill~spor[ ~ulculiitk)rl, ‘1’hc [r:insport

mw.iium Wiis wt~tcr, (Jsing this flux iid (gitmtll:l,n) cross scc[ions from Ref. H, illl

cs[im:lte of the (giln~n~ii,n) neutron source Irom rci~ctit)t]s with dcu[criutll wiis ll~ide. ‘l”hc

st)urcc wits ICSSIhiin 10-3 ncutmnskm-s, ‘1’h~ (~i~tlltll[l,l~) rcilctiot]s were cliluiniltcd iis ii

s(mrc’c 01 nculr(ms.

‘1’~~dctcrminc Ihc cxmlrihuti(m Ir(ml cx~smic ruys, Ihc rcwlls I’nm Rcl’, 9 were

usd. III ur:lnium lllL’lill, Ihc suurcc srrcnglh is tm Ihc (mlur tlf 1(1-] twulrtms/tw~’ s, ‘1’bus,

[hc s(mrt-c it~ [h~’ lill~k w(NII(I k txmsidlirubly sll)i~ll~rIhIIII this, (’osmic rildiuli(m w[ls

L’lill)lllill C6! il$ it sfmrc.c 01”tl~’ulr(ms.

l)!’lilVL’(1l~L’Ulii~llS :Irc il rcwlt of Ilk’ (1(’1.’ily [~1’(Tllilill I’issitm Imxluuts, Abolll (),7’fiI.

01”111~l’issi~~tl n(’ulr(~llfi ilfl’ (1(’lilyL’~1. ‘1’hU tlilll’ lilt t}l’ IIIU It}llgc’$1 llVL’1’ii~C(l Imw.llrs[w is 55

t)]itl, 11(’lil~(’(1 twutr~mi will tllukc il insigtlili~’illll ~L[mlritulti~~l] l!) Iht’ l[~lill IIL’IIIIXMIl“lllx :111[1

w~’1”1’clitllitl;ll~’(1 ilS il stulrlc ill’ t]~’utr(m~l



.

Transport Calculations

To calculate the absolute fluxes, a transport model was assumed. The triinsport

model was an infinite cylinder of water, 22,86-m in ditm’,cter, contained in tin iron rank

with walls l-cm thick and surrounded by a l-i~i [hick reprcscn[aiive clay. Vacuum

boundary conditions were used. Water wtis used as the transpofi medium as opposed to

sludge, as the use of water would lead to higher calculated fluxes, ONEDANT was the

transport code, and the 69 neurron group MATXS7 library was the cross section set

utilized.

The maximum concentration of both plu[cmium (().436 x 1()-~ g/cm7) iind uranium

(1,86 x 10.4 pJcnl~) found in the Iitmuturc was iissutll~d to be [he csoncenwution of the

entire volume of [he tilnk. The plutonium wus iissumcd to be iIll z~’)l% nnd the uronium

Wiisiisstln]d IO be iill 235U. The source strength USCdin the imnsport ciilculii[ic)n Wiis the

1302 neutron s/cm~-s from [hc (illph~.n) reactions und 18 neutrons/cm~-s from

Spontilncmls lission,

‘1’hc rcsulls idicii[cd 3% illtil[il)licil[ion, The ilbsoliite 69 group flUXtS ill 111~[iil~k

wiIll summcci [0 itlcludr thrw groups: [h~rillill ( 1.() x 10-5 tt~ 4 ~V), ~pi[h~rn~ill (4 cV to

(), I I I M~V), iln(l filsl (().1 I I to 10 McV)~ iit]d iir~ ().788 x I(F, ().536 x 104, 1111(1(). 137 x

lo~ n/cnI~-s, rcspcctivcly. ‘Ilis IIUX rrsults in il helium production, hydrogen pruduc[ion,

ill)d ir[m diSplilCClllL’1)1 r:ltcs of 0, 147, 2.7 I, Ilml I’!,7Hx 10-17 ;lloms/L’111~-s, rcspculivuly,

‘1’here W(~Uldht II() signifi~’iln[ ril(liillioll (lillllil~l! to ItIL! Willl ill 111(’SL’nltcs,



conservative calculations indicate that the radiation damage in the tank wall is

insignificant.
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Table 1. Isotopes, Activities, Number Density and Mass used to determine
the (alpha,n) and Spontaneous Fission Source


