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A_'STR'ACT'

_y,sSme'_.ers.a<L-e la_rg,e-s'ca,le,_ field< expe_imen_ts: m_s<ed:a_t tN'e Sa,va_n_m,a,h_
R::[.v'e,rS,i_e ({SR_S.))_o, me_a_s._,_et_e effect o,f perco,_a,_img_ _a,im_fa_ll _)m,
%.he ._e:le_a,se o:,f com,ta_,im'a_n_s f._'om,wa_ste'fo,rm.s.. The s:a_l[s:[om'e

lysime:te'rs' d_s:cribed{ a_re d!emon_stra_tiom_s: of a_ d_ispo,sa.l,cem:cept fo,r
a, iow,_-ie_el _adlioa',ctive. w:a,s._eres,m_,itin,.q_from [_e p,_oce,ssimg:,o,f

_iq_h,-lev_el d_e,fie'm,sewa_s._e fe_= vitrifica_tion. R_e.s:m,l_sfrom_ _b.e

ly'sime__e,rs c©n,firm_ [be effiiea,cy ©,f the s:ia_g _o,r.mm_la_iom' in_
re[a_im_imq_ c_,rem,imm, a,m:d',[ec:_m'e_i_,m,. _,¥s_imeter res:_l{_s,were also,

m!s'e,f_,ilm, _a_lid'a_ff.in,q_ma_kema{tic_:l mod:'e.ls:m,sed_ in p,red',£ctimg_
en_ir, ommen,_al effe:c_s e.f sa'Its_.oa,e d,ispo.sa_l .in_en,g_imee:redl_a_m,lts..

IN_R©D['ICT'ION!

At __l,%e.Sa_va.n,m,a,_.R:iver S:i_e ({S:R'S),. appro.ximat,.ely one. h(m,nd_red,

m_illien , liters eZ .l%,i@h,-le_elliq:nid radJloa,ctive w'a_s_e is s:_(_,red

fo_r fruSta,rereproce,s:sim:q,. Th_is wa,s_e h a,s been g:em_e._a_.edfrom the

p.rodU:ctiom, o{ d'efen,se n,mclea,r ma teria_ls o,ver [he pa,s_ fo{-ty years.

Wf%en, rep,reces:simg_ _Z the w,a,s:__ebeguines Sn 199,2, g,rea_ter [ba_n_

n,lne_y.-nd,ne permem,_ o,f [_e r.adlioa,ctivity will be p,recipi_a,ted a,md;
v.i_rif:},ediimago borosilica,_e g,la._ Th,e ._esul_im:g, low-level

rad:ioa,c'[ive solm._iom, (('"deconZa,m,inated"' solm_iom,)_ w_i.[lbe d_ispo>sed _,

o.f om,-site _.(('_,21),

Th'e d_com_am_[n.a,tedl so,l_._,tien_w.ill con,__a,im_ p,rima,rily sed_imm_ n_i_r,a,te

((N,a_NQ3:))a_s well a_s;oth,e.r Ira,ce co,m,tam<ima,m_t_s. T._e a_m,ticipa,tedl

mom im,a,l (_ompos_ition_ o,f [he so.lm,flora is shown in, Ta,ble i. Th,is

liq_,id, will be m,ixed, w,ith cemen_titiom_s ma,terials, a,nd',pore,red in,to

en_glimee,redi concret.e va,m_l_s.. Wit.l,%__ime_ [_e m,ix_m,=e will so.lidlify
in,to, tl,l_e:ffimal p rod_¢'t ca,iIedi salnston.e.

D,_,_rim__h,e developme.n_t o_f _he _ s'a,lts:t,on_e dispo,s'a,l con_cep{., several
cememtitie'm,s, fo_rm_._,lat,iom,s were stmdied:, a,md_[wo. poten_tial recipes

we,re day;eloped:. The '"referem.c.e fo,r.mm_la,tiom_'"com,s.ists o,f class H_

cemem{t a_n,d:c_a,s's C flya,sh; _owe,ver, sal_s£on_e prod,_ced acmo,rdiimg,
%o [bis fo,rm_,la,tion, is.,cos:tl.y beca,m,se t._ese ma,teria,ls are no__

iecai!y availab,le. Addlitiom,a<][s.t_d:ie,s _a,ve in,d:ica,tedl that

ma,radials smith,a_s slag cemem,t a,nd, class F' flya_sb, wh,icb a,re

p,rod._cedi loca,llyr can be _._sed:to, genera_e a '"slag..fio,rm_,la_tion,"
mo,re economically. (3),

S;im<ze [.he d'evelepmem[ of [he,se s'al_s:_.ome f©,rmm,la_ien,s, la,bo,ra_t.o_ry

aadl field{ s_mdiies ha,re been, cemd_cted! _o evading,ate tna



effectiveness o_f tna ....,"salts__one me,trices in, teta,in,ing co,n,ta,m_im,an,ts

o_f t_,e sa_l_, solm,/io_¢4!). Tl%e._ield', lea,cb,ing.,stmd{ies, w.'h<icl%

com_tim,u:e to d'a,te_ u_tilize [_a,r@_e-sca_lelysin:ete._-s [o_ s.tmdly th,e

per-fo,rma_n,ce o.f sa_Its:ffone momo,li[l%s, urad'or a,ctm_adih_mmid: wea_.h,er
'I , 0, icon._dli_:io,n_s, rho l[ys:[meters: a._e d'e.s:ig_n,ed, _o, a_llow the d!etection o,_

co_n_¢a,m_.im,a{n_.sre lea;sed; to. th,e so,ii co,lm_mn b,y tl,%e sa,lt s.to.n_e.

R'a,.in,wa,te,_tl%,a,tin,:ffiltra.te,sthe lys;ime{er a_n.dipe,rco,la[es pa_s.t tl_,e

w.a,s:te,:ffo,rmemp.._a,ced{in _.he a_ppa,ra,tu,s is. ce,fleeted', period<ica<_ly a,nd_

a,n.a,lyzedl fo,_-co:,n,[am'.inen_ts]tn:ow,n,_@_ be cem,Za_iD.edlin. _.h.e sa_s.ton_e

T_,is: pepe_ d'e,s:c_ribe,s_the: re's,m_l[s,o,f t_e _ield _ le'a,c_in,g_ experimem_ts

u_sim'g_wa_stefo,rm,s cemposed{'o,f _'e re:fetch,ce a_m.dlsla,g fo,rm_la_tion_s
o_f s:altstome. Tl%,e'seexperimen,ts., a,lon,g _ith_ la,bo_ra_to,ry!ea,c_,im.9

s_._:diie,s,.d'emon_s',tra,[e[_e in;crea,s:edieffec'tive,m,es's_o_fithe s,la_g_

_o,rm_:la,[ion, fo,r re,[a<_.n_ing_meta,1 con,ta,mim,a,tio,n_.

EXPER:IMEN_T_, D_ES:IGN!

Const_'ction_ o<fftNe lysimeter co,n,[a,in,imq the ._e.fe:[e_.,cefo,rm_,la_[io.m,

mo:n;e,li_b wa{s comp,l,eted in, December 19_8'.3. D._ring cen,str_,c'_tion.,a,n,

e,art.l_en,trench, was: excava, ted_ a_md'_lined I w,jith a liq_id_ impe.rmea,ble

h,ypa_iom_ layer (<4!5,m,il)] to fo_rm_[_e clo,sed: lys:ime,te,r system_, a,s

sl%own, in, Fig_m,re,I.A, P'e.a_-s_ized_g:ra_vel was pla,ced in, the base o,f

the ".' .... '_ 'lys:_me{e_ to' fo,_m,a sm,mp four t_'e co,ll(.c_i_m, o,f perco,la_te
wa,_:er. A primp, wa,s: in;s_a,lled; i,m,t.he s_,mp to, remo_e the percolate

water periodica, lly fo,r a,n,a_lys_is. N'a,_ive.se,il p:la,ced_ a,bo,ve the

@;ravel wa_s compa, cted to, tN,e o,rig_in,a,lcomd:i_:hon_s p,rio,r to
exca,vatio.n _. Next, tl%,ereference fo,rm_a_tion o_f cemen,titieu_s

ma,Ze,ria,ls a_ndi d!econ,ta,m,im,ated_sa,l_ so.l_,tion,w,a,s po._redl in,to, th,e

tra_pe_zo,idal-s_h_a_ped_trench. After t_,e mono,litb sol_dmfied_ in,to

sa!.l_!,_on,e_, t.obe lys,ime,te,r wa,s comp,le[ed, by. co,verim.g_ the. w.a_ste_o,:_'m
with, addli.tion,a,ln,a,tive soil a_ad compa,cting_.

The lysime_.er con_ta,in,inq [_i'eslaq fe,rm_,la_tio_m_o_f saltston_e wa_s

comp,le{ed in Febrm,a_ry _9i8:5. A fiber_las:s cylindlrical ta_n,k wa,s
in,stalled: on end_ o_er a concre{e pa,dl. Tl,%:ebose o.f th;e lysimeter

wa<s sealed:, and a gma_vel stump and'.s%_bme,rsible pmmp were in,sta.lled_

(Fig_n_re i .B. ); similar to the reference f,o_rm_la,tio.n, lysimeter.

Na_tive soil was. compacted o_er the stump before placing a pre-

fa_brica_ted, u_ne.nca,p,s_,la_ted,slag; w,a,s%efo,rm_in tl%e lysime_.er.
Con_s,tr_,c:tion'.wa,s comp.let,ed by fillinq the lysimete'r wit_ native

so,il to, within, six incl%e.s oZ the top of the fiberqlass cylinder.

T'Ne decontamin,ated, sa,lt so,lu_tion ro,sod,i;__ both o,f the lysimeters

wa_s p.rod_ced _ from, ac_._,a_lhi gb- l!eve l wa,s._.ein, a fu_ll-sca, le test o.f
tb.e d'econ,ta_m,in,a,tiom,process (6.).. T[%e f.o,rmm,la_tions u'sed in th,e

ly,simeters a,re s:howr,_in, Table 2.

As s_owm Ji_ Figure,res iA and IB, bo._h_ lysime,_ers are eq_m_ipped with
soil moistm,re probes. These probes are placed in. tna soil column
below tl%e was._eform, b_n.t above tN.e stump. T_ese ceramic devices

enable the collection of samp,les o_f t.i,l_esoil moist_,re, which
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a,ii_ow_s d__=c+, io_n,_._...e o,f cen[a,m,in,a,n,[s:relea_sed_ from_ th,e mono,litb p,rio,r

to w_a_s:h_in,@_to th,e su,mp,s b,y in<ffiltra_tin,g_._-a,inw.a_te_.

T_:e lysime.te.ms_ we.re_ com_s:t._m,cted _ :in,the S;ZS:Se_lidiW,a_s;,teDispo,saI

_a,c.ili_oy, a,nd _a r_e e-xp<_,sed_to, the wea,,_h,e._-.R.'a<im,f,a_ll in,fLitrates_
,tl,i,elysime[e:¢s a_.m.d',perco,la,_es d'owm_w,a<_dith,ro,u,@_bth,e s.o_il co,ll,_m,n,,

pa_s:t the wa,ste.fo,rm_, a_nd!co,flee:ts, in, th,e s.1,_mp_s.I{_owever, the two
lysimne.tems a.m_d'_empla, ced: w,a,s:tefo<=m,sdlif[e.r in, sever,"a_l'wa_ys. Th,e

lys:i,me.te.r com,,ta_im,in.9 th.e s:_a,@_[o,rmu,la,tion, w,a,s:tef_,rm_h,a_s,a lip, th_at
e.xte,ndls a,bo,ve @m_a,d{ea.nd fo,_,-cesa,n_y_-a,in_fa,ll th,a_t omen,rs, w,i[l,i,in_ thee

d}ia_me,[e.ro,[ t_e lys:ime:[er to, in,fiilt,ra,te in,to, tl,_.e_ a_ppa_ra_t_s..

Cmn,vers:e:ly, la'._'N{ea_mo,m,n,its: o,fira_in_fa,ll em_ th,e re,fferen,c_e fio,_m_/,la,tion,

lysimeZer me_y rra,n,@_ff befo_re in,f,iltra_tion, oc'e_,._s_. _e d:ifferen, ces
i_ thee w..a,ste:ffo,rm_sa,re d_e.s:c':,.-ibedI in, Z'a,ble 3:. %'h,e_s:e• va,ria,florins,in,

experlmen, ta,l d'es:iqn,a,re. co,n_s:id_e,._ed!w,h,en, _n,[e_rp,re,[in,9 the res._,Its.

Sa_mp_le.s o_f th'e perco,la,tewa, ter as well as xa,in,w,a,te.r a,re co,fleeted,

b,iwee.kly. A tippin_g; bu,c]tet ra,in qa_u'.g_e.is:m,s:e.dl__o.me.a,s._,re;a,in,fad!l
a,mo,_,m,ts;,a,nd; t_,e v@Im,me o,f percolate w_a,te,r pm,mped! from tl%,es:_,mp,

d_rin_ ea,c_, sa_mp,linq period/ is d!eterm:in;edlu;s.ia9:flow, me._ers.
_'a<in_fa,Ii and' pe rcola,_e water s,a_mp.les a,=e a_n,a_lyze:d_for ma_jle_r

ca,tion, s and: a_n,ion,s_ a,s.well a_s.o.r_,a,n ics, l%'e,avyme,ta,ls, a,n,d:
ra,diion_m.cii,des;.

N!itra,te., n<itrite, a_nd:s_,_ifa,te are determ_ined b,y ion,

c:l%_roma,toqra_p,h_y.Ind_,c'_ively coupled _p,la{sma,-emd:ssion spectroscopy
is_ m,s:edlwitN, a_cidified_ sa_mples to. me'a_su're concen_tra, tio:n_s of

ca_icimm,, sodimm_, and; chrom,.idm_; merc'_,ry is: determined with, atomic

a,bso,rptio,n spectroscopy. If p_resen,t_ o.rg,a_n,ic conta_m_in,a_n,tssu_ch a_s

ben,zone a,re obs:ervedl u,sin:q 9as. ch,roma,t,og_ra,phy with, a detection,

lira,it o<f .% ppb. Tlhe p:H_a_n,d;cond_m_ctivity o_._each sa,mple are also
dete,rm_._,n_ed."- ' Ra,d<hochemica.1 a.n,a_iys:esin,cl_de mea,s_rement eZ to,ta]_

a,lpl%.,aa_n'dt,.o_ta_lnon,vola,tile beta. Tl_e sa,mp.les are prepared' by
s._cces_sive evapo,ra_tion a,ndldlis,solm,tion, steps d;i=ectly on the

co_,n,tin_ p,]ia'.n,ch,et. R'adlloci_emica,l a_n,aly,sis _,a_s show,n, that the
n,o.n,vola,tile beta, radlioa,c'_ivity is tecbn_etimm-9_9 (14)_. Tritiu,m is

determ,inedl by d<[_s.tilling_the s'a,mple a_n,d',cou,n,ting_ the d'.is.tilla,te

w,itl%,liq_m,id scin.tillation_.

RE'S,U%_S

N_itra.te, wlh,Jich, is regu,lated{ by' tl%.e En,v.ironmen,tal Pro_tection, Ag_ency

[EPA)_, .is the con,ta,nina,ni p,resen,t in, sa_its:ton_e in. the la,rg_est

qa,a,n,tity. La,bo,ra_to_ry le.ac_,inq stmdlies ind_icate tha,t n.itra_te is
one o,f the fa_stest lea'chin,q con,ta,m,inan_ts from_ sa,lts_on_e matrices

(i)_. Also,, s'o,ilso,rp,Zion, studlies h,a,ve demo,n,stra,ted_ that n,itrate

is n,ot sig_n,ifica_n,tly so,_bed_ on,to soil particles. Tritiu_m is

p,resen,t in the salts,_one as tritiated I we,tor, wh,icb is a_iso ra,pid,ly
lea,cNed a_nd mig_rates easily t_ro,_q.h_ t.h,esoil colm,mm. Therefore,
tritiu.m a,nd. nitra_te serve as tracers to moa,ito,r con.ta,m_na.n,t
release frem_ sa,ltstone.

P'reviom_s la_bora,to,ry lea,cbing studies indicate rh,at n,itrate release
from, the reference a,nd slaq matrices o_f s'a_itstone are ro_q,bly
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eq_m,iva_len,t. '_h,e refe<,_em,ce fo,_-m._la.tio{,_,h_a_dia_.n,a_verage lea,ch,in_g_
in,dlex o,f 81.3.compacted, to the s:la,q fo,rm,_,la:t_ion,th,a_t g_a,vea lea:ch.in,g_

ind_ex of 8...9 ({3:)_. F iqm,re 2.a_. ;[flu,strafes th_at the tota.l
co m,cen,tra,tio.m_ of n<[tra,te de tee'ted',in, th,e. s:u,mps o,f both, lysime.ters:.

is sim,i_La_r..

Wh_ile. n,itra_te z'e<[ea,s:e a,n,dI m,.igra,tion' a,ppea{r to, be simila, r_ th,e dlata

from, thee s:l!a,gj lys;ime.,te,rs:l,%_ow,sa period o,f d<iscon,tinu,ityo Th,is

a'.n,oma,ly o<z;cm'rred'_dlurin,g, a periodl o,f,ext:.reme al!rough,t,_w.h,en n,o.

pe:rc©,la,te wa,ter co,u,.idlbe. o_b,ta,in,ed,from th,e sla_ lysimeter sump

(_d_a,ys I_6.8-IJ2'9!3',,Jingly ]19iSlS'.-Feg,r,m,a_ry19)8_9)!. On,ce the d'.rough,t
e,a,s..edir, jln,filtra,tin_gl wJa,ter w,a,s..h,e.dia si_n, ifica_n_t a,mo_u,nt of n,itra,te
from, the so>il co..lumm,in,to,th,e s._mp,0,a,s c'a,n,be seen, in..the. d{ra,ma..tic

in,crea_se. :in,n,itra,te o,n,d!ay 14_6,2' (Ma,y 19,8'.9i),.Perh,a_ps du_e to, i_t's

la_rger size, _tbe lys;ime_ter con,ta,in_in,g, the referen, ce fo.rmm,la tio.n.
mon_o,lith, wa,s le.s:s a_ffe:cted by the dlro_g_h,t, a,s ind!ic'a,tedi b,y th,e

re.la'tively smoo;th, in,crea,se .in,ro,ltra,to.

Th,e trit.iu,m ale.touzled,in, th,e s._,mp,so,f th..etwo lys:imeters _Fiqm,re

2.b.)l s:h,o,ws s.imila,r item:dis d,_.rin_qthe d!roug_h,t period. The sla_q
foirmm,la'tio,m,d_a.Za, is dlisco.n,t._im_,om_swh,ile tl_e da,ta, from, the

toreros, ce fo,rmmdta,tion, is n,o,t. H_owever, the triti_m, levels

_etec'ted in. the s._,mp o,f the =efe,re,n,ce fo,rmm,la_tion lysimeter a{re

s.ig_n_ifican,tly less tl%_a,n,the levels fo_,nd_ in, th,e slaq lysimeter

su,mp. Al-th©a,g!h.the s'om,rce terms fo,r the two, monolith, s are

app,ro,xima,tely the sa,me, the ca,u,se of the dlifferences in, tritiu.m
release a_,_d m_ig:ra,tiom, is m,o_Zclear.

Al_ho.u_h s.m_mp,wa,te._ samples from: booth lysimeters: a,re tom.timely
mon,ito_red for c'h,romim,m, the res;u'its a,re m,sa,_lly below the

deZec_ion lira,it o.f 4' ppb. However, s,_mples of the soil moistu, re
ob:ta,im,ed _ben,oa,rh, the wa,ste.fo,rms b,y po,rou_s cre,p,s:a)mp,lers yield

d_e.tecta,ble levels o,f cbrom_.iu.ma,n,d tecl%,n,etiu,m_. .As.s:hown, in, Ta,ble

4i, chrom,im,m_ in' sa,mples collec__ed below the referen, ce formm, lation,
mo,n,olith is ten times qreater "_tha_nch<romiu,m be n,eath the s.l_g.

mon,o,litb,, w,hile tecbn, etiu,m levels are more tha,n 10'.Otimes larger°
These res'u_Its co.n_firm tba,t the slag.,monolith, retain_s tech_n,eti,_m_

a_n,di ch,rom,im,.m,mo,re effectively tba,t the refere.n_ce formm, lation, (3')_.

T_.e levels o.f tecbn_eti_m, _etecte_ in, tl%,e sm,mps of the lysimeters

also s;_,ppo,rtthis obs'.erva_tion,. As sho,wn in. Fiq_,1,re3, total
•Zec.h,n,etiu,m detected in. the sumps c'a_n,be plotZed as a f_,nction, of
to,ta,1 n,itr a,te d;e.te(zted:fo,r both the sla,q a,nd re_erence

fo,rm_,la,Zie.m,s.. Thee d_a,ta ob,rained _ from the referen, ce formu, lation

mo n,oli':tb is: linear with, a slope o,f &pp,roximately one. This

ind!icates: tba,t tech,n_e.ti_m_ .is released a,nd. mig,ra,tes from the

mon,olitl%, a_t the sa,me ra,to a,s n,itra,te. The d_a,ta from, the slag

matrix, h,owev,er, h,a,s a slope less th,a,n one, indica, tin,@ that
•tec'hnetiu,m_ release an,d. mi qration, is slower than. n_itrate.

M_TH_.E_TIC'A_, MOD'E(LING:

Res;_,_its:from, th,e lysimeters have been, u,s:ed'to validate
ma.,,thematica'l models: m,s'ed_to pred!ic'tt en,vironmen,tal effects from
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sa,._tsi_o,nedlis,po,sa,][in, e,m_gineeredl va_u,lts (7'),. Mod_el p,red_ictio,.m,s

dlemons:t:_ate <h.a_-Esal_sto,n,e w,ill meet o..L_ ex_,(._,eda_ll per:[o:L-ma_n,ce

objlec'tiv,es, im,cludli.n,g_th,e p<r.o,te.ctio.n,o,f th,e g_:mo,u,ndlw,a.tera_cco,r_in,g.
to, th,e Em,v:J_,ro,n,me.n_ta,EP:_o,te.ction,Agen_cy (;EPA),d:rin,kin,g_ water
sta:nd!a,rd{s :[o,rcbem,ica,ls_ a,n,d_rad.ion_u,clid'es.

CON'.C._,U_S<IO.N!S

Fie<£d! a_n_dl]_a,bora,_to.ry lea,ch_im,9 s.tud}ies h,a,ve bee.n, u,s:ed}to suppo,rt

thee a,do:p,tion o.f th,e more e,con,om_icai[ s_ia,g_ fo,:.cm;ud_a_tio,n,of sa,._tston{e

d_u_eto, its: en,l,%,a_n,ced perfo,rm_,n_ce a_s d{esc:ribed! in, Eh<is pa,per. _h,e.

SI_S:.s:aits:to_n,ep,rocess;ing., a_n,d_ dlis<po:sa_]ifa_ci.lities a,m,d;,t_,em,se of

th,e s:la,9 fo,rm,_,latio,n,ha,re Dee.n,pe.rm,itte_ b,y the state o,f So,u_th,

Ca,rolin, a_, an_d'_thee fa_c:ility bega_m ope,ratio,n, m,s:in_ga.,c'tu,a,:[
dlec'o,n,tam,.im,a,ted: salt s:o,lm,tio,n,in, J,m_ly_9_9!0>.
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Tatble I

App.ro,xima'te' C'ompos:itio,n_ o,f Deco,n,__a,m,in,a, ted I Solu,E ion,

C_e.m,ica,is R'a,d;io,n_u_c:lidies

fo_mp__e,n,en_t W.e.ig,b< Pe_ Ra,die,n,.u_c'lid;_

Hl2©, 7!1. 6 3',_ 5,8'.01. '

N_a,N_33 14!.3 14!C @ .3:

N_a_NQ2 3:.6 5'9:Nii @J.@0,7'

N_a,©_H_ 4_.2' 6;@C'o '7.

N!a_2:C03: I .4' 6'3Nii @,.7

N,a.AI(i©}I_)}4_ 2.6, 7/9'Se 7

N,_2S©_4 I .4_ 9_@IS;r 15.

N,a,E @i.@5, 9_Q_y 15.

N!a_C'I @_.I 9!9Tc 2., Oi0!@.

N,a2S;iO3 @. @6, I0_6,Bi_, .I,@10_O;.

" N_a..2Cr©_4, @i._0:,4_ (I10', _gl/q C'.r). 10'6'Bib, I, 0010_.

N:a_g,O: _(©,_), @. @@6!@6 tC,. 5, _g,/_ E_g,)_ "_25'S:b 3,0_@.

N!aA_ (:©,E,)::2 1.2XI@ -7' (,8;xi@-4' _g,lg A_)> 12:5m[F'e 7'.

N'a,2Mo©'4' @. Q_@i6 12:6,5:n, 7.

KNQ3 (DI.Oil)J2 12'6Sh 0'.7'

C_S©}4 @ ..@3: 126msb, 7.

N_a,2C'2©,4, O'.2 12'9"I 1.

N_a3P©_4, 0. I 13?Cs 35@.

N_H{4_N©B @. 0_7 13graB,a 3:21@.

N!a.B'(C:62_5)I_4 @. 8!6 14'7/pm 13:0.

Other S_]its * .@._8: 15'iSm, 7'0.

T'o,tal O rq._,ics @. @9 154E'u 3"@_.
"i 155E u, 10,.

23',8p u, 20.

z3:9_u, 0,. 2

0,ti_er Beta, G:a_mm_ 4_'
To'ta i Alpb_ 3'.0_.

* Th,ey in,clm,_e • 9 Mis;cella, n,eous short-lived'

; Wt. % _ :ra,_ie,n,u,clides ..

As 3.x10 _-8! _,.@0_@3

Ba @. O_@O,Oi31 0.3:
'l

C'_ 0_.(D)@!©!O_l 6.12:
se 6_,0;6'610,7 8i.7
P{b, O. E)_O!@_13: 1.3
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SLAG FORMULATION LYSIMETER
J

Grade

2.5, c:m
Rubber Hose

Slag 3 m
W astefor m dee p

30 cm Coated
Stee>l Pip e

,,

F'IGURE I.B." Schematic di_qr_m of the lysimeter apparatus

containing: the slaq form:_,lation monolith of, saltstone.
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