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Preface 

Thi~ dncument contains the minutes forth~ March 25-27, 19'-H, meeting of the Tank Wa~tc Science 
P:md. The objective of this document is to provide an accumtc recapitulation of the proceedings so that 
the diverse views of the Science Panel mcmh~rs can he dm.:umcnh:d. The content of thi::; document ha~ 
hccn reviewt:d hy each of the Panel member~ to ensure its accuraLy Ediwrial comments arc clearly 
marked in the text and arc provided only fur clarification. Because of this philosophy, thh document may 
contain pro\ocativc statcmenh, opinions which may run counter to facts, facts which an.: presented out of 
the conte-xt of the tank chcmbtry and phy~ics, and information that may later be shown a~ incorn:ct. 
Thc~e meeting minutes, like the previous minutes and those which will follow, arc intended to chronicle 
1111.: Science Panel activities an<l progrc~s toward understanding the chemical and physical mechanisms that 
arc 1:1king pi:.Ko.: in the waqc tanb a1 Hanford. 

"' 





Summary 

The seventh meeting of the Tank Waste Science Panel was held March 25-27, 1992, in Denver, 
Colorado. The subject areas included the generation of gases in Tank 241-SY-101, the possible usc of 
sonication as a mitigation method, and analysis for organic constituents in core samples. 

• 

The following important results were presented and discussed: 

Ferrm.-1'<mides appear to be rapidly disMJlved in 1M NaOH These data .suggest that 
fcrrOl.·yanides would di~solve when highly alkaline wastes were pumped into the same tank and 
:;ufticient mixing occurred. 

Upon qanding in !he labnratory at ambient conditions oxalate precipitates from simulated waste~ 
01111aining HI::DTA. This suggests that one of the main components in the ~olids in Tank 
~41-SY-101 is ox:liate. 

llydrogcn CYlllYcd from wa<;te samples from Tank 241-SY-101 is five times that observed in the 
on gas from the t<mk. :\o good explanation is yet available for this discrepancy. 

The solubility of N20 in ~imulalcd w:l~tc is in the range 0.003 to 0.01 g N20 per kilogr:~m of 
waste per atnw,phcrc of :\~0. The~c t.lata 'uggcst that mitigation of Tank 241-SY-1U! will not 
C:W\C a high rclctse ol di~\11h·l·d N

2
0. 

When u~mg a \lurry for radiation ~ludic~, a portion of the generated ga~es i~ very difficult to 
rcnlO\<:. To totally recover the generated ga~c~, the ~olids mu5t f!rst he dissolved. Th!s result 
may haYe an impact on mitigatinn toy m1xing if the gases arc not released. 

li~ing 1.\C-Iahckd mgallics 1n thermal degradation studies ha~ allowed rc'>carchcr~ to illucidatc 
much of the kinetic mecll<!ni~m fur the degradation of HEDTA and glyenlate. In addition 10 
~ome of the intermediate, more complex organic species, oxalate, formate, and Co~ were identi­
licd. Thl·~c dat;t ~u).'gcq that a brgc portion of the total organic carhon will he idcntifkd when 
;!n:Jl)tie metfHld' :tTL' :tvarlabk 

.-\nalytiv mcthot.l" for organic~ in radioacti\'c mmplcx ~olutiow~ such a~ that found in Tank 
~-+1-SY-liJl h:t\\: been de\ehlpcd and other~ continue to he developed. Development of thc;c 
methu .. h ha\ hecn :t~~i.,tcd hy the rc~ttll'- from other pans of the program; results from the 
ctnah~c~ df artu;tl \\',i'.lc haw prmvn u~elul in the other studio.:~. 
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M~:o:ting Minuto:'- March 25-27, l<J<Jt Tank Waste Science !'ancl 

Introduction 

Minutes of the Tank Waste Science Panel Meeting 
March 25-27, 1992 

The sevemh meeting of the Tank Waste Science Panel (Science Panel) was convened March 25, 1992, 
in Denver, Colorado at the Red Lion Airport Hotel. A Jist of attendees at this meeting is provided in 
Appendix A Appendix B lists the agenda followed at the March meeting. 

Time at the meeting was allocated to presentation and discussion of recent information and results 
obtained in ongoing research programs at Argonne National Laboratory, Georgia Institute of Technology, 
Los Alamos National Laboratory, PadJ"ic Nonhwcst N<Jtional Laboratory, and Westinghouse Hanford Co. 
Subjects di.<.cussed inclm.h.::d the chemistry of ferror...yanide wastes; generation, retention, and release of gases 
from Tank 241-101-SY; ami the potential application of sonic energy in mitigating gas retention in 
Tank 101-SY. Current approaches to and schedules for mttigating gas retention and periodic gas releases 
from Tank 101-SY were also reviewed. 

ln the following text, !he Sdence Pand activitie~ a~~oci:Jtcd with each of the items listed in Appen­
dix B arc dbcussed. 

Day 1, March 25, 1992 

FerrOl:Janide Tank Waste Cht•mistr} (IL T. Hallen, J•acific Northwest Laboratory) 

The only new iwms wncerning th..:: chembtry of krrocyanu..lc wastes present in 24 of the 149 singlc­
~hell tanks were presented and di~cus,cd hy R. T. (Rich) 1-lallcn, Pacific Northwe~t Laboratory. The 
matr:rial mcd in the pre,cntalion ~~ inlluJeJ in Appendix c·. 

Solubilization of Fcrnu:yanidcs in At]LJeous Base Rich and hi~ colleagues recently conducted extensive 
tcsh to invc,tigate ~ulutlili;.ation of ,,J]Jd fcrrocyanidc~ h~ reaction with <:!tjUCOu~ solutiom of ~odium 

h:·dro:-;ide according to the tollnwing n.:;tetion: 

The~e ~tuJic~ were nHHi\;dcd b~ '>ll~~gc'-lhlll' m<1t.k h) D. 0. Cnnphcll and C. Forsberg at a n.:cenl 
Tcvhmc:d Ath"i~or) Panel lllLTttng'>. 

(1) 

In their h . .:~l'>. Rich ;mt.l l"U\\"IHko:I' \;JrlL'd widdy ~cvnal reaction parameters including initial pH and 
'iiLiiwll conu..:ntration (IJ.Ol, 0.1. and l.IJ J\1_1 and Hmic ~tren_!!I]J Other reaction parameters to be examined 
IlkluJc temperature <tnJ dkct~ of added '>alh ~ul"11 a' \'a\'0,, NaN02, Na3P04, Na 2S04, and Na2C01. 
"J\picdlj. :1 1-g poni()n ol krrocv:mitk ~nltlh \\<1.' reacted with ."0 mL of NaOH ~olution. 
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In all case<., Reaction 1 tended to completion as determined by the total iron in solution. As 
expected, the rate of the reaction was particularly rapid at higher temperatures and NaOH concentrations. 
l'ld('cd, at 25°C the reaction between the fcrrocyanide solid and 1 M NaOH was essentially complete in 1 
til 2 h. 

Infrared and x-ray diffraction analyses confirmed that solids remaining after reaction of the ferrocya­
mdc solids with NaOH were Ni(OHh that did not contain any detectable ferrocyanidc. Only preliminary 
reflux experiments were analyzed for ammonia evolution during reaction of the ferrocyanide solids with 
NaOI-1. Also, the aqueous solution from the dissolution reaction contained very little eN·, attesting to the 
kn0wn thermodynamic stability of the Fe(CN)6 

4· moiety. 

Rkh also commented briefly on analytical plans for the core samples recently taken from Tank 112C. 
Fcrrm.yankle solids were precipitated in Tank 112C as part of the 1954-1957 In-Tank Scavenging Program. 
Tank 112C, from historical records, is believed to contain the highest concentration of ferroc..yanidc solids 
in any of the 24 waste tanks containing fcrrocyanide. Rich stated that thermal properties of samples taken 
!rom Tank 112C would be examined using both DSC (Differential Scanning Calorimeter) and TGA (111er­
mal Gravimetric Analysis) techniques. 

Ga!'.eous Jlroducts from Thermal Decomposition of Ferrocyanides. Rich abo described results of recent 
hcnch-scale experiments to determine, via GC-MS (gas chromatography-mass spcctromeuy) techniques, the 
l''lmposition of the gases evolved when a synthetic ferrocyanidc waste containing 2 moles of nitrate per 
mole of fcrrocyanide was decomposed in the temperature range of 50 to 500°C. Experiments were per­
L1rmcd with rapid heating at the rate of SOC per minute simulating TGA experiments. Material from this 
prc~emation is included in Appendix D. Identified ga~es include water, C02, N20, HCN, cyanogen 
((-~:\'z). :"JO, and N2; the latter two gases appear to evolve only at temperatures above about 200°C. 

rhc majnr amount ol ga'> evolution is associated with cxothcrms observed in DSC analy~es of solid 
1 1 :onanidc-mtrate mixtures. Some gas also appears to be rclea~ed at temperatures as low as l00°C with­

:!1 dll\' de!Lctahlc exothermic reaction. 

Ha.'" .2, March 26, 1992 

,\11 o(' March 26 wa~ d~:votcd to vugraph pr~:scntations by various speakers and cn~uing discussion of 
'.;lrJPU'- a'-pL·ct~ of the chemistry in Tank 101-SY. The following text presents and discn~se!'. important 
r,:~ull~ from ongoing bench-scale studies with simulated and actual tank waste. 

ReMilfs from Tank 101-SY Core Sample Analyses (D. L. Herting, Westinghouse Banford Co.) 

JJ. L. (Dan) Herting provided an excellent summary of the complete results of analysis of cores taken 
llllm Tank Ull-SY during Window C (M01y) in 1991. The complete analytical data for these cores arc con­
t:tincd in the document WHC-SD-WM-DTR-024 Rev 0. Dan's presentation materials arc included in 
·\prcndix F. 

Amony the highlight~ of the analytical data were the fnllowing: 

1 lll' tup 1-1- segments uf the core S<:lmplc~ rcpre~ent the convecting la;.cr in the tank. 

2 
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The organic content of the solids is about 50% higher than that in the liquid phase . 

The total organic content of the solid~ in the convecting layer is about the same as in the non­
convecting layer. 

Solids in both the convecting and nonconvecting layers contain unexpectedly high amounts of 
chromium. 

Analyses of individual segments arc not in good agreement with those of compmite segment 
s:tmples. 

Considerable scalier in u 7Cs analytical data probably reflects difficulties in pipctting samples . 

The cyanide content of the liquid ranges from 90 to 390 micrograms per gram of waste and from 
150 to 400 micrograms per gram of waste in the solids. The accuracy of the cyanide analyses is 
still in question. 

Bench-Scale Gas Generation Experiments (1). L. Herting, Westinghouse Hanford Co.) 

Progrc~~ 10ward e\·cntttal bench-scale determination of the amount and composition of the gases 
cvo!Ycd frnm a ~ampk of ·rank 101-SY waste was described by Dan Herting. Dan st.:ltcd that he and hi~ 
Ulllcaguc, J. C (Jim) Pcr~on, arc currently planning to procure a now-through apparatm, ~imilar to an 
existing unit at the Savannah Rhcr Site, for conducting off gas mca~urcmcnts with a small qu<Jntity of 
actual Tank Hll-SY wa~tc. 

l. ntil the f!ow-thwugh apparatm is available, Dan and Jim arc conducting off ga~ generation meas­
urcmenh in a ~tauc ~y~tcrn with hoth actual and various simulated Tank 101-SY wa~tc~ main tamed at 
l!lO"C. under air or helium, lor varinu~ times. The composition of the off ga~ thu~ produced is determined 
u~mg ma~~ ~pcctrnmetric :mal~~c~. StgniflCant results !rom static gas gencratinn te~h wi!h ~imulatcd 
Tank 101-SY \\;h\l.:~ cuntaming ctthcr I lEOTA nr glycolic acitl :tre: 

!\mmoni:t 1.~ _l!L'tter:ttt:ll in all ca~e~. c\·cn from ~imulatcd T:mk 1.01-S Y conlaining ml org:mic 
matni:tl. 

White \,J]tds ttknltfil'd a~ ~Pdium nxalate precipitated !rom simulated T(lnk J(JJ-SY wa\lc t()n­
t:linme Hl::::JYL\ when ~uch ~ulution~ m:n: allowed to stand 2 weeks at v;c·c But atTlln!in" to ·- -· . ' "" 
Gene A~hby of the Georgia ln.\litutc ol TcchnoiO!:,')', no precipitation of soiH.b was observed 
when similar ~olutinn\ undn :t nnrogcn atmosphere wl.'rc allowed to staml. 

In some ca~e~. AI(OH1_, '>Oltd\ can precipitate from simulated Tank Hll-SY waqe when it i\ 
;tllowed t<l st:tnd at wom l("mperaturc anLI aft..::r the simulated wa~tc 1~ clarified before '>!amlin,!!. 
Tbe~\.' t\\O fl''>Ult' ind~>.:atc that gt...::tl L·ar~· mu~t he taken when making up the ~o-called "Tina! 
Word Solutiun." i\ot only i~ the recipe imponant, but equally important arc the sequence u! 
chemical addl!ion~ <1llLI the mnditt()n~ under which the solution/slurry i~ made and 'tmcd Solu­
tnln~ ~hould he ~t,lfCll onh l'riclh hl'!orL· U~L 
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Off gases from ~tatic experiments with both actual and ~imul;dcd waste contained the expected 
components, namely, H2, N2, and N20. Con~idcrahk: \ariahility in gas generation rates was 
oh~erved from experiment to experiment. Question\ v.ere raised at the meeting about the sensi­
tivity of mass spectrumetric analyses for hydrogen and ninou~ nxide. Gene Ashby suggested that 
ga~ chromatographic analytical data ~hould he obtained Ill verrfy ma~s spectrometric results. 

In one experiment with actual Tank 101-SY waste, the amount of evolved H 2 was about five 
times that of N20. Two po~sihilities m:.Jy explain thi~ dilkrcncc. 

The acli\'ation energie~ for generation of H2 and 1\"20 arc different. 

Small laboratory ~amples of Tank l()J-SY waste adsorb beta and gamma radiation differ­
ently than the wa~te in the tank, and the generation oft\/) i~ more sensitive to radiation 
than is generation of l 12. 

When metallic iron was included in one cxpcrimelll with ~imulatcd waste, the gas generation rate 
increa~cd ~Jgnificantly. The generJtion rate ol nitrou~ oxide appeared to he inerca~et! more than 
that of hydrogl~ll. 

s.vnthctiC" Tank 1411-SY Waste Studie" (I.. R. l'cdcrsnn, Pacific ]\jorthwest LahoratorJJ 

Rcwlt~ trom ~cvcral qudil's hcing pnfurnwd hy S. A (Sam) Brvan and L. R. (Larry) Pederson 1vith 
sirnulat~:d Tank 1()1-S'{ 11aste> were dc.;crilwd. l're~cnl<ltiun matni;d~ arc inchrdcd in Appendix F. 

Soluhilit)· of Nitrou~ Oxid(•. L~nry and Sam ha1·e mea:-ured thl.: ~oluhllrtv ol N_.,O in both di~tilled 
water and simulated wa~tc at variou~ temperature~. Thc~e tt:st~ were conducted to tc~t the hypothc~is that 
mcrcased ~oluhility of nitmu~ oxide relati\·e to that of hjdrogen would explain the difference in the 
uh.,crYed rauo ut thc'ie two gase' hoth from T.mk ](Jl-SY and trom thermal degradation tests with simu­
Lilcd \l'aqc\. 

Lan>:~ ~tml S;un·.\ TC\Uih for the ~oluhilit1 (>I nitr,llt\ m.1de in d1~tllkd wa!l.:r arc in excellent agree-
1\h . .:nt with t!H: earlier ( 1'/XIJ) litcr~iltlTl" \·;due~ The ~nluhrl!ty ol· '\~0 rn ~imulated TJnk 101-SY wa~te (not 
containmg any org;rnic complcxanbJ <ll-H!'"'C i\ in the range 0.003 l'J (J.Ol g N20 per kg wa~tc per atmm­
phcr·e N20. Till:- latkr '>uluhil!l\' r~ _!!Teater tlun that ol" hydmgen, Put too 'mall to explain the difference~ 
hemcen the uh-.c!\cd N ,O .. "ti~ r<Jtlo in the _[!<l~ eYolvcd from T<lnk 101-SY and the ratio ob~crved in the 
_[!a:::.e"- from expenmenb with ~imulatcd wa~tc ln addition. the snluhility ul ~:{J in wa~te solution~ i~ ~uffi­
cicntly low that the imcntory of dt~~olYed N20 that could he relca'-cd iS inron"-equelllial. 

Ph)·~ical Propertie~ of Simulated and Aetual Tank 101-SY W:~<.tt'. Lrrry and Sam are continuing to 
nwasure variom phy~ical prt)pcrtie~. c . .e._ den~ity; weight percent water; weight percent centrifuged solids; 
\O]ume percent ~ettled ~olrd~; :md ~hc:n \trcngth of simulated Tank SY-101 waste. The data ~ugge~t that 
the ~imu!Jted wa~tc slurrie-. are phy-.icall~ wmparahle to the nmwcting ];Jyer rn Tank Wl-SY. Informa­
uon concerning phy~ical prupcrtJD and thcu \·;niation with dilution and tcmpcrawrc arc expected to he 
u~dul in .... ub~equcnt mitigation and rcmcdi:ttion dfon~. 



"J ~nk Wa\tc Scicnt·c hmcl 

Effect of Hydroxide Concentration on Gas Generdtion Rates and Stoichiometries. In early work, 
Odegard ( I9HO) ob~erved that the rate of gas generation from simulated Tank 101-SY waste was a func­
tion of its hydroxide ion nmccntration. Dclegard reported that the maximum gas generation rate occurred 
at ahout L5 M NaOH. 

Larry ami Sam recently conducted experiments to extend Odegard's early work and to determine the 
etfect of hydroxide ion mneemration on the stoichiometry of gaseous products. These bench-scale studies 
were performed as part of a large pro!!ram to investigate thermal oxidation of organic complexants at sub­
critical water temperature ami pressun.: conditions. 

In their experiment~. Larry and Sam heated simulated Tank 101-SY solution containing either 0.3 M 
EDTA or 0.3 M I-lEOTA and I to 7 M NaOH for various periods at 90°C. Total moles of N2, N20, and 
H~ produced \Vere determined_ They noted that, under these conditions, small changes in hydroxide ion 
concentration corn.:~ponded to large changes in the rate ol generation of gases, p<nticularly nitrous oxide 
and nitrugen. For example. N 2 0/1--1~ mole ratios in the off gas from solutiom containing HEDTA varied 
from 1 to as high :>~ I() as the hydroxide ion concentration changed from 0.5 to 6.5 M. 

\Vhilc the hydrmw.le ion C<lnn·ntwtion of the wa~tc.: in the tank appears to have hccn nearly invariant 
with tnne, the tmportancl· ul thc~c rc~ult~ become~ apparent when one realize~ that ~mall errors in the 
;maly~i'i ol the 'amples trnm the tank or in the make up of the simulated waste with respect to hydroxide 
Gtn haw a m;qor impact on the ga~ nunpmition. 

Suh--( 'ritkal ( h.idatitm or < )q;:anie J\1 atcrial~ in 'l'ank I II 1-SY. I ,arry and Sam rep11rtcd on initial 
rc~ulh obtained in <tn n.;:penmcntal appro:Kh aimed at dctenmning il ~tmplc heating of the wa~tc in 
rank ltll-SY to .:(JI) \ll \iJI(( will ox1di;c contained organil· materi<:~ls to decomposition products that do 
nut generate !!a~c\ at tank tcmpcrattHL'S. 

Tile· in111<tl ~():1111! thl' 1\<lrl-: t\ til aknllt! ur.L'anic Uccomplhillon product\~ a~~e~~ the capacity of 
dcullllpo~ttJoll prtldiH't'. t.,Jh'llllt~ l\<·,11 ]Ht·trc·.lltnL·nt, 111 ~'l'I!Ct:ttl· .l':t~c~: ami ,t.:ratn \ome know!cdp:e of the 
km ... ·tiL\ ot thcillLil dc·_~t:td:i\hill ol \("[,·,·tul llf_!!dlltL malL"tl:lh. 

Tht· t''\]krltliVIJt,d :lpjli<I:IL'il loli()\\'-'d imul\n hca!lf1g <t htlll\l:rl :tntuunt, apprnximatclv 2UO mL. of 
~m1ulatcd Llllh 1111 :--,', 11 t'tL· lulll<~tnillt' \<II IIlii> lll"_!!<tttJ,· romplcxant~ and, in ~orne c:.J~c~. additional NaOH 

1!\ Jl:JqdJu~· l h''l'h l•' -~Ill! U1 _,)IJ ( · 1111 ;~hout 2 h. Th~: oil gas from ~uch healing is ~am pled and 
;,rl<lt\·ted I1H ;llllrtl!lrtJ:t ;m.l ,1thcr Ulll>lttu ... ·nt>. Suh~cqucntlv, portion~ <If the thcrmally·tre<.~tell wa~tc arc 
lK:1ted t<l 'JWI ;1nd till" ,tm<ntnt ,md LlllllJHl,illllll tll .r;,,c, l"VoiYcd at thi\ lm>.er temperature arc 
de It' rmmcd . 

.-\mmont.J 1' a prtnc'ljl:il l.Oitlponcnt ~>I th..__ <lll .t:a~ wht~n ~imulated Tank J()J.SY wa~tc i~ heated 
;i\ 211\1 [() -'~() ( 

:-:.tmul.tlcd ·::1nh 1111 ~y \l;t~il" ll>nt:untn_e ctthcr HEDIA 11r l:DTA gcncra!ed particular!! 
l:iq.'L .tlltllllllh ol :unmtmt:t 1\lll"tt heated at 20ilttl 2:'\WC. 
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Ammonia is generated on a 1:1 mole basis from nitrogen-containing organics. 

Substantial amounts of ammonia were generated from simulated Tank 101-SY waste that 
did not contain any organic nitrogen. 

The effectiveness of thermal pretreatment at 200 to 250"C of simulated Tank 101-SY waste upon 
the amount ami composition of gas subsequently generated at 90"C is highly dependent upon the 
concentration of NaOH in the waste. 

When additional (i.e., 2 or 3 times the normal concentration) NaOH is present, thermal 
pretreatment at 200 to 250"C significantly reduces gas generation upon subsequent hea~ing 
of the pretreated waste to 900C. 

W.rry indicated that sum~.: of the pretreated wastes were being analyzed in the hope llf 
ddnmining identity and anHJunt nf organic dc_!!radation products. 

Al!hough the Science Pane:! i~ much impre~~cd with thc~c initial n.:sults lor ~ubcritica\ oxi· 
dation of nrgant.: .:omplexants, it i~ not yet clear to what extent, it any, this technolo).,'Y can 
or will he USL'd to mitigate or rcmediatc ga~ generation in Tank 101-SY. However, the 
technPlogy appears promi~ing and <~ppcars to yield information about the mechani~m by 
which the nrganic~ thermall~ tkcompu'-l' in Tank lOl-SY. Therefore, the studie~ ~houtd 
CntHillUL'. 

J.tadinlytic (;encration or <;a~e~ from S)·nthetic.: W<~~tt>~ (D. Meisel, A~nnne National Lahnratory) 

D. (Dani) Mt:i'd lll'\Cilbu.J tile tat..:q re~ult~ of the Argonn~.: National W.boratory group 1u dctL:rrnine 
the amount anJ compll~iuon ol ~d\l'~ gt:ncr:lll'll \\hen ~imulatcJ Tank Wl-SY waste~ arc irradiated (' 11Co). 
Prc,t:ntation matnt:th art: incluLlcd tn Appendtx (i. Dani ~tatcd that the Argonne group wa~ current!! 
interc~tcd tn rL'\tllving thrL'L' j,_,uc~. ll<tmcly: 

!~ow \\ell dtl the c\pc:ntnl'llh 'iillulatc nmdition' in 'Ltnk 101-SY, bnth radiol~tic.llty <tnd 
chemically'! 

-'· 1-tov,.- dOt::' till' rat~.: ut th<:rtn<JI .l'<:ncrauun of ,e<t'- from prcirradi<lll'll 'imulated T:mk lOl-SY wa'-IL' 

Jiff..:r I rom th:il ut \\<I'll' th;tt h:t' nnt hc.cn pr.ctrr;tdiatcJ'' 

Concern in!! thL· tir't j,,u.c. lhr11 nuto:d that lhc wrnpon~.:nt~ in Tank llli-SY arc ~uhjccted to b<Jth 
bL·ta ;mtl <tlph:l r<~didtion whLt-L thL' dtl'<: r;Jtc i' luw and the cumulatiw Umo: i~ high. In cnntr:t'-1. !!l tit..: 
:ahuratmy rad1:11iun~. cumptlllL'llb <tT'<: irr<Jdiatnl h:> gamma radt<ttion to hm dose~ at high do~e rate'-_ But. 
lJ;tni and no\\\lrf.:cr' \!a ted th:~t til..: do~c nmtrihu\Hlll !rom alpha radt;tlion i~ negligible ;md thal, bu .. au~c 
t>l Cnmpton ScatlL'rtll~' l'!IL'L'l', hct:t <1nd )-!<tnltn<J in:~diation <trc <e4uivalcnt. Thu~. Dani ant.! L'uworkn~ cun 
eluded that l;tbtHatury CX]lL'J'il1lL';lb u--ing '' 11(·~, radta\ttlll '>itnu!:lle \'Cry wo:llthc radiolytic condition~ L'\i"t" 
111~ in Tank 1111-SY D<llll tHitnl. IHJ\\'t:\'Cf, that the radiulvuc chemistry rc~ults ;ne only as good a.\ tll..: 
'.-!J,·ntt~try 111 Tan f.: 111\-Sl ~' kTHl\\ll. p1..:ci~c· il:ita l11r the t~pe and concentration tlf organil· tn:ttcri:th in 
L1nJ, 1111-:·.;l :lrL '>till un:tY<III.Il'k 

,, 



Dani abo indiulled that the rate at which simul<:~ted Tank 101 ,sy waste <~bsorhs radiation has only 
minimal effect on the G(l !2) hut appears to have a much larger effect on the CJ(N 20). Data for N 20 ha~ 

hccn extrapolated to low dme rates. 

Dani nott:d that G(H:) generated in ~imulated Tank 101-SY waste slurric~ (solution plus sludge) irra­
diated at room temperature arc about a factor of two lower than yields from homogeneous solutions. This 
rc~ult i~ accounted for on the has is of a lower water content of the slurry. Hydrogen yields increase when 
slunk~ arc irradiated at higher temperatures because of the increa~ed ~oluhility of the ~ludge solids. In 
contr<t~l to the re~ult'> for H;c, radiolyttc yield~ of :-.r2o from s!urrie~ arc comparah!c to tll\J~c !rom 
homogcncom ~olutions. 

Dam aho reported on ~tudies of enhanced thermal generation nf H2 and N20 from simulated 
Tank J()J-SY wa~te solutions that haYe hccn prcirradiatcd. (Thc~c additional studies were performed in 
rcspon~c to a Dcu:mhcr 1091 rCljUCst !rom the Sciem:c Pane!.) !n the late~\ tc~b. homogeneous simulated 
Tank J!ll-SY ~olutions containing (initi<dly) only one organic compuund, t.C., EDTA or 1/EDTA or citrate. 
were irradiated to total do~es ot ahout .ttl :vtrad. A ~imulatcd Tank ]()J~SY sluir)' containing HEDTA 
EDTA. ami citrate wa~ aho irradiated to a total dose of ahout 40 Mrad. Preirradiatcd wlutions. after 
standing from 5 tu ..+u day~ at t'HHn temperature, were he:.Jted to f:llh_' and the anmunb u! H2 and ~~,0 
evolved wero.: mea~urcd. 

hom cbta collected to date. Dant noted: 

PtCllladiation ~uh~t:illtia(h· inue:t~c~ the rate ol prmltKllon ot H, and\,() from hoth homo.l'C-

1\CilU~ \I<J~tc ~tJ!ution~ and ahn Irorn 11a~tc ~Jurrie~. 

For lHllllllgL·ncou~ ~olutton. the rate()[ production ot H~ innca~ed in the lltdn 
cittatc<HEDTA<EDTA while fm t\.0 the producti,Jn r;tte innca\cd m tilL" on.kr 
cit r.ttc oe: FD"l .-\ < H 1-J)"J"...\. 

SlttiJ'. p:trltLk~ <tppc:tr 1\1 L':ti:II\IL' I he r:tll' til jlltidtiCilllll 111 lllditl~L'Il. 

Sluirl jl<~I"ltlk' <tppc;u to ~II\lll_l!il !\'!:till i'olli II; ;mLI ~ 0 g:t"l'". IHlt II, 1~ Jck:a~cd nwte 
fL':ttJi)l 

Chn:rli r:tll!ti[\IIL' ~·ctK't;ttlllll \ll !'.'l'l"~ III)Jll cl:tnl-, 1111-~'l" \\;l~tc h ~m:tlltapprtl\llll<ttcl) a h:illj L"lllll­
p:H·cd ttl thnm:tl !'L"IlCI<tti,Jil 1:tll"~. Al~ll. :t' D:tni\ rc:~ulh alt'unL thcrm;!l gL'ncr:ttlon of ga~c\ from ~imu­
b!l'd T:tttk 1(11 S'\ ,,>]uttl'll' i"' much llli'IL" "·n~llil"l" l•l tlt,· l.\;ll·t cxpntmL·nt<t! l•llldiuon' than i~ r;tdii<l\ttl 
·~cnn:llilln 

"]]\~·ddt<! llbl:ill\L"i.IIOI JllliiJ:l!Jt:ltlli 'll]Ullilll~ ;md ~IUtTiL·~ itli.liL:ItC th;tt \ll(!J pt·l·irr<tli!<ti)(Jn pnld\ICt:~ 

'0llll" unkt\ili\"Jl hu: llt!!lth tl'<Ktlll" irJtcri<ll'tli:tt..._· .11hich pr,Jmot,·~ th<:rm;tl ~cncr.ttitlll ot ga~. Expennll"n!:~l 

\lt'Jj., t'\llh :tt Ar_entHh \<tlhlll<tl L .. il>oLttDt·l· ;tnd the CicoJ!!l<t Jnqitutc ut Tc:l·h!Wit•.ey need~ to locu~ I'll 
td,·ntill"lll!' :tml clur:,,·ll"llltrt.~ tlw ti!ll-,rllllltl irllnrnnltatc 
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Mechanistic Elucidation or Chemistry in Tank 101-SY (E. C. Ashby, Georgia Institute or Technology) 

E. C. (Gene) Ashby and his group of collaborators at the Georgia Institute of Technology are actively 
investigating all facets of the thermal degradation of organic materials in Tank 101-SY. Gene described 
the current status of tests being conducted with simulated Tank 101-SY waste. Presentation materials are 
included in Appendix H. 

Gene discussed recent results in five areas: 

• kinetic studies 
• isotopic labeling studies (13C and 15 N) 
• formaldehyde studies 
• other model systems 
• analytical development. 

Kinetic Studies. Gene presented extensive data for an experiment in which so-called nFinal Word 
Solution"(a) containing 0.0054 M glycolate as the only organic constituent was maintained at 120"C for 
1582 h. The buildup in concentration of the principal aqueous-soluble glycolate decomposition products 
(formate, oxalate, and carbonate ions) was followed along with the decrease in concentration of nitrite and 
glycolate ions. A mathematical expression describing these results has not been derived. 

A similar experiment was performed in which "Final Word Solution" containing 0.0053 M HEDTA as 
the only organic material was heated at 120°C for 500 h. Again, the buildup of formate ion concentration 
and the decrease in concentration of HEDTA and nitrite ion were followed. 

In further studies, Gene and his colleagues also measured gas evolution rates when "Final Word 
Solution" containing one of the following organic compounds was heated at l20°C for times ranging from 
400 to 1600 h: 

• iminodiacetic acid 
• N-methyliminodiacetic acid 
• nitrilotriacctic acid 
• symmetrical EDT A 
• unsymmetrical EDT A 

No evolution of gas wa~ obseJVed from ~imulated waste solutions containing either nitrilotriacetic acid 
or unsymmetrical EDT A 

(a) 2.0 M NaO!l 
2.24 M NaN02 
2.59 M NaN03 
!.54 M Nai\10 1 
0.42 M Na::C03 
0.21 M organic 
(now known as SY!-S!M-'!IB) 



M~ttng Minute~. March 2~-27. ]'J'Jt 

Isotopic Labeling Studies. Simulated Tank 101-SY waste containing HEDTA labeled with 13c was 
heated several wecb at l20°C The 13C NMR spectra of !he heated solution was monitored to determine 
thermal fragmentation produc\s. Pertinent observations included: 

• 

• 

• 

• 

Labeled formate and C0-1 (as carbonate ion) and oxalate were detectable after a few days 
heating. 

Labeled glyt:ine, detet:tablc after 34.5 days, was produced from the hydroxcthyl labeled form of 
HEDTA 

A douhlr.::t consistent with the presence of labeled iminodiacctic acid was pre~ent after ~ix d:..tys 
heating of carboxylmethyl-labeled HEDTA. 

One ljuaner tn nne halt of !he HEDTA remained after 60.5 days heating . 

Also u~~:d in their experiments was 13C-laheled glycolate (H011CH/~Co~-) ion in "Final Word Solu­
tion." Degradation products rc~ul!inl! from heating at 1200C for 25 day~ were determined. Thcrm<:~l degra­
dation products \vcrc monitored by I'1c NMR of heated was\e samples. The disappearant:t: of glycolate ion 
followed fir~t order kinetic~. They abo obtained evidence of complcxing of aluminum hy !!lywlak· iom. 
Thermal dcgrada1ion products included fnrmate, oxalate, and c:ubonate ions_ 

Formaldeh~de System Studies. Gene and his coworkers earlier postulated a rcanion medi<tm~m to 
account for the ~aseou~ product~ (e.g., H2, N20, <~nd N2) evolvt:d during chemical dq!radation of ~lmtllatcd 
Tank JOJ.SY wa,tc~ containing either glycolate or HEDTA An important poqulatc of thc~c mcch:mism" 
is that thcrrn<~l degradatiun of gly..:olate and HEDTA pruduccs formaldehyde. The formalUeh~dc pt(lduccd 
rcat:ts \\ith ha)e (OH) to form the ~o-c:J.llcd Canni:r:J.ro inlnmn!iate (CH:P/ ). The Canrw.aro lntcrnrl·­
di<He can then either react with lormuldehydc to form methyl alcohol and HC02 or with water to pruduLC 
hydrogen ,1!<1\, OH. <1nd !!CO~-

Conltrm:ltion 111 the prL·dicatcd reaction mcchani~m is prmided hy the JHL''.cncc 111 furm:1lt' <IIlli ,1\:1 
late ion\ :nnun.c: the thcrm:il Jcgr:td:ttton proUucts of Tank ]()]-5'{ wa~tc' nmtainin~· gl~uJI;ttc m lli_IJ 1-\ 
1on~. Bl'LttL'c ol till' impmt<llllT of fllrmaldehyde :md it~ ~uh~cquCJH reaction~ in expLunin)' thL·rm;tl clwm 
i'try ut'T;ink ltll-SY w:t,tc. (jcnc :md Ul\\'!Hkcr~ rct:cntly comlucted cxten~i\T ~ludic' \lltlw rc:lctiilll ill 
J !CHO w;th 01 I to .~cllL't:ttL' I i_,. lmport:mt finding~ of thc~e l:Jttcr qudie~ indlllk 

The I~ltin 1-l~ l-ICOO j-, <1huut J·J tor the H_,-prodl!cing n·:tction milicttin~ thai \\:tiL'r pHI\'lllc~ :!1 

Jc:t~l il:IIJ tlf thL' hniiil!'_Cil :lt\II\l-, Ill thL· 11 2. 

The hydrogen \'ICld IIH.Te:i'C" a~ thL' !-1('!-J(_) ClltleC!llr<ltion dCCIL'a'-C' indica till_!! lh;ll tlll' 
11~-pnlducin.L' tnL·ch:tni'rn 1-. f11~t l'ldLT formaldehyde ami J If)-

The llnllil.!-'t'Tl :idd tncrc:I'c~ \lith hvdn1c;idc ion conccntr<Ition. 

The LllL' of hnln'! 1L'll L'\!dutton ckcrca~l·, in the JHL'Sencc (II- p-h:droquin(lriL' indiuni:l~ thl· JHL'~­
cnc,· ,11 radic:~l intl'llllL'dic~lt'~. 

'I 



Mcctmg Minu!~;- March 25-27,1991 'lank Waste Sncncc Panel 

• Trace amounb of Cu(Il) accelerate the hydrogen evolution rate, indicating that an electron 
transfer step could be involved. 

In the presence of hydrogen peroxide, hydrogen evolution is much faster, and the hydrogen yield 
is 100';(. based on the amount of peroxide added. 

Other aldehydes without alpha hydrogen also produced a significant amount of hydrogen in the 
presence of OH-. 

It is not pm~ihlc at this time to say whether the reaction is polar or free radical in nature, however 
the nature of the reaction has no impact on the overall understanding of the chemical mcchani~m of gas 
generation in Tank JOl-SY, but may have application for some basic scientific issue. 

Other Model Systems. Gene and his group also conducted thermal degradation ~tudies of "Final 
Word Solutions" each containing one of two model compounds, N, N-diethylcthanolaminc or 
N,N-dimcthylglycinc. The model systems arc simplified versions of EDTA and HEDTA These systems 
are much simpler than EDTA :md HEDTA and facilitate mechani~tic interpretation of the reaction of the 
-CH2CH20H and -CH ,eCOOI I groups. Important results were: 

N, l'v'-di('thyterhanohlmille 

H2, N~O, and mcth~n1e are nh~crvcd a~ ga~eou~ products. 

Formate and acetate inn~ an: !he most important products in the thermally degraded ~olution. 

Oxygen is ah~tlfhcd hy the test ~olmion and only· 2Wk of the origin<:~! amoun1 of m.:ygen i~ left 
alter :;oo h. 

N ;\"-dimclhy!glynnc 

Hydrogen i~ the mmt important gao., ubserved in this reaction. Nitrou~ oxtdc and mcth:tnc arc 
protlun:d only m trace amount~ (<0.\'X). 

:\nalytical Development Studies_ Quantitati\•C analyse~ for EDTA cmd HEDTA have been ;tcmm­
pli'-hL'd al the Ciemgi:t Institute of Technolob'Y with the me of Dione..: AS5 and AS \U wlumns_ A CuC\ 2 
or :\tCI~ ,olution wa~ added to the l':DTA or HEDTA solution hcfore analy\i\_ 

~nme l'llon w;t~ dC\otcd to the analy~is of the ~olids produced during the therm;tl reactions. When 
_l'lycnbtc i~ the uq~anic mmpound prc~cnt in the thermal degradation ofsimulatcU Tank 101-SY wetste. the 
tn~oluhk '>Oltd !-'ennally contetm~ a large amount of oxalme. When the simulated TanK HJl-SY waste con­
tain' otlwr 11rganic ctlmpountls. the imoluhk ~olids contain very little oxalate. 

Ulll'a\itlkt spectrophotometric an:.~lyse~ failed to find direct evidence for a mmplcx hetwecn ,\!(!/!) 
and nttritc ton. An Al(III)-NO_. nnnplex ha~ heen postulated in the overall thermal degrad:lli()n reaction 
mccham~m \chcmc. Allhnugh thi.'> wmplcx was not detected. thi~ most likely mean~ the concentration i~ 

\·cr;.· low. but ~ulficicnt 10 allO\\ the nitrite to be added Ill the organic moiety. 

Ill 
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Day 3, March 27, 1992 

The morning of March 27 was concerned with presentations by Steve Agnew, Los Alamos National 
Laboratory, and Jim Colson, Pacific Northwest Laboratory. Jim's presentation materials arc included in 
Appendix I, and Steve's in Appendix J. 

Both presentations were concerned with experimental investigation of the potential application of 
sonic energy to agitate the contents of Tank 101-SY and thereby continuously release hydrogen and other 
gases. The principal result to emerge from both presentations is that sonic energy introduced into simu­
lated Tank 101-SY waste is rapidly attenuated and, thus, is relatively ineffective in agitating either the 
liquid or solids present in the waste mixture. 

Hanford Site Experimental Investigation of Ultrasonic Properties of Double-Shell Tank Waste Simulant 
(.l. Colson, Pacific Northwest Laboratory) 

• 
• 
• 

• 

According to Jim, acoustic attenuation 

is very high 
increases with frequency 
is not due to any void fraction 
decreases with pressure 
is not strongly temperature dependent 
decreases with dilution . 

Mitigation or Rubble Nucleation in Tank 101-SY with Ultrasound (S. Agnew, Los Alamos National 
l.ahoratory) 

• 

• 

Steve's studies with simulated wastes indicated the following: 

Allenuation ol ul!rasonic energy in simulated waste is not a straightforward phenomenon 
became of the occurrence of several non-linear effects in the waste slurry. 

The velocity of the sound wave is strongly dependent upon pressure, temperature, and distribu­
tion of gas huhh]cs_ 

Steve also stated that future studies hy the group at Los Alamos National Laboratory will be aimed at 

use of higher power transducers to agitate Tank 101-SY waste in the model tank more 
completely 

determination of the slurry degassing threshold 

use of slurry standing waves to determine sound attenuation and speed. 

The Science Panel members asked ~everal pertinent questions and made several observations during 
ami after Steve's presentation, namely: 

II 
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• The attenuation problem appears to be with coupling. Most industrial applications involving 
sonic energy use cavitation to effect coupling. In the case of Tank 101-SY waste, the cavitation 
energy is very low because gas bubbles are already present. Therefore, we need to match 
impedance. 

• The importance of gas bubbles cannot be over emphasized. Coupling to bubbles is not neces­
sarily bad unless coupling does not act to release bubbles. 

The Science Panel also speculated about the wisdom of continuing the work with sanification as a 
viable mitigation method. Resolution of formidable technical issues (e.g., attenuation) associated with 
large-scale application of sonic energy to near-term mitigation of Tank 101-SY appears to be very time 
consuming and expensive. Simpler mitigation methods, e.g., mechanical stirring, are already available. 

Organic Methods Development and Preliminary Data on Composite Samples from Tank 101-SY 
(J. A. Campbell, l'acific Northwest Laboratory) 

J.A. (Jim) Campbell provided the Science Panel an excellent ~ummary and update of the status of 
identification and quantitation of organic constituents in composite samples of core segments taken from 
Tank 101-SY during Window C. Jim's presentation materials are included in Appendix K. Jim and his 
fellow workers obtained their data by derivatizing organic materials with boron tritluoride in methanol and 
analyzing the concentrated chloroform extract of the dcrivatized sample with GC-MS. 

Jim presented data for one of the four composite samples from Tank 101-SY. Sample 961 was a 
composite of segments 14 through \8 from the top of the nonconvective layer. For this sample, Jim and 
hi~ coworkers 

• noted 41 peaks in the total ion chromatogram of the chloroform extract 

tentatively identified 25 of the 41 peab 

• estimated concentrations of the ~even major components in Sample 961 as follows: 

Peak 
Numher 

\() 

14 

18 

23 

2X 

29 

Component 

hutanedioic acid 

nitrosoiminodiacetic acid 

citric acid 

nitri!otriacetic acid 

cthylencdiaminctriacetic acid 

cthylenediaminetetraacctic acid 

N (2-hydroxyct hyl )ethylene­
diaminctriacetil: acid 

12 

Approximutc Cone., 
micrograms/gram 

so 
708 

45 

185 

115 
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estimated that the seven major components account for only 10 to 20% of the total organic car­
bon (TOC) in Tank 101-SY. 

Jim also stated that the complcxants and oomplexant fragments identified thus far made up about 
65% of the derivatizable material. 

• 

• 

• 

In continuing work, the plans are to 

apply ion chromatographic techniques and instrumentation to identify the remaining TOC. 
Much of the latter may be present as an oxalate. 

procure a high resolution mass spectrometer to confirm identification of compounds presently 
only tentatively identified 

investigate applicability of liquid chromatography to Tank 101-SY samples for quantitative analy­
sis of organic constituents 

investigate other dcrivatilation reagents for use with Tank 101-SY waste . 

Finally, Jim and his associate~ also successfully applied GC-MS techniques to analyze for organic 
materials in some samples of prcirradiated ~imulated Tank 101-SY waste obtained in studies by Dani 
Meisd at Argonne National Laboratory. Also, preliminary results obtained from ion chromatography 
studies showed the prc~cncc of significant concentration of formate ion in preirradiated solutions. 

Non-Agenda Items 

Several items not listed nn the formal agenda were also addressed by the Science Panel in Denver. 

Relevant Savannah Riwr Experience (N. E. Hibler, Savannah River Laboratory) 

N. E. (Ned) Bibler mentioned that several papers of possible interest to Tank Waste Science Panel 
member~ were presented hy Savann~h River Site authors at the recent Waste Management '92 meeting in 
Tucson, Arizona. He handed out copies of some of these papers. Ned went on to also point out the 
~ctu~l analyses of noble mel;J]S in Savannah River wastes agreed quite well with the values expected from 
ORICilN code calculations. 

Mitigation-Remediation Plans (D. 1\I, Strachan, Pacific Northwest Laboratory) 

D. M. (Denis) Strachan very bricl1y ~ummari;:cd for the Panel highlights of a soon-to-he is~ucd report 
detailing plans for miti_!~ation ol Tank 101-SY by stirring methods. Denis' remarks occasioned con~idcrablc 
comments and discu~sion by Panel members. The gist of these commenlS will he summarized in a letter 
from the PCJncl to J. L Dcichman. [Note added in proof: Thi~ letter was never issued.] 
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Executive Sessions 

The Tank Waste Science Panel held Executive Sessions at the end of Day 1 and Day 3. These ses­
sions resulted in a number of action items by various Panel members. One action item was to write a 
"white paper" on organic wastes at Hanford. 

Experimental Plan 

The Tank 101-SY mitigation Project Experimental Plan was presented to the External Advisory 
Committee on March 20, 1992. The presentation materials are included here in Appendix L. 
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Results of Initial Ferrocyanide Solubility Scoping Experiments 

Exp. 1 Exp. 2 
[NaOH] O.lN l.ON 
initial pH 12.9 13.8 
fmal pH 10.5 13.0 

Na2NiFe(CN)6 • Na2s,p4 • 4.5 H20 (g) 1.0005 1.0041 
moles Fe(CN)6 4- or Ni-+ 1.85 x 10_3 1.86 x 10_3 

0 
w 

weight of recovered solids (g) 0.3316 0.5113 

solution [Fe] (mg!L) 2030 1600 
"' 1.43 X 10-3 moles Fe in solution 1.82 X 10--' 

fraction total Fe in solution 98% 77% 

solution [Ni] (mg!L) 39 3.3 
moles Ni in solution 3.32 x 10_5 2.81 x 10_6 

fraction total Ni in solution 1.8% 0.15% 

[NH3] in gas (ppm) 30 375 
approx. moles NH3 produced 8.04 x 1o-8 2.34 X 10-6 

approx. %-yield NH3 0.0007 0.02 
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0.1 N NaOH Hydrolysis of WHC-2 (Vendor Prepared) 
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PERROCY J\NIDE SOLUBILITY EXPERIMENl'S 

Studies with Vendor-Prepared Material 
Na2NiPe(CN)6 • Na2S04 • 4.5 1120 

I. pi I Variation: pi I = 12, 13, 14 
• monitor solution [Fe] 
• determine composition of soluble 

and insoluble species 

II . pfl Variation at Constant [Na+J 
• pll 12, IJ\1[Na+] 
• pll 13, IJ\1, 2J\1, 6!.1 [Na+] 
• plll4, 1A1[Na+] 

Ill . pi I 13 at 1 J\1 [Na +] With Added Salts 
• Na salts of No3-, No2-, Pol-, S04

2-, C03
2-, 01 r 

IV. Temperature Variation at pi I 13 and 1Af[Na+J 
• 25, 50, ?SOC 

V. Static Solubility Test 
• pll IJ, lJ\f [Na +], 25°C 

Studies with Plowsheet-Prcpared Materials 

VI. In -Farm 1, Rev. R (EB Supernate from DX-110) 
VII . In-Farm 1, Rev. 9 
VIII . In -Farm 2, Rev. 11 (C Farm TIJP Waste) 
I X. In -Farm 2, Rev. 12 

C.? 
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Vendor-1 : 1 gram 

NaOH : 50ml 

magnetically stirred in teflon flasks 

144h reaction time 

Reactions solutions sampled and analyzed for Fe by AA and/or ICP 

Free CN- by IC 

Transmission IR of KBr pellets 
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AS A FUNCTION OF pH 
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SOLUBILITY OF VENDOR-1 MATERIAL 
AT CONSTANT [Na+] 
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AFFECT OF SODIUM ON SOLUBILITY OF 
VENDOR-11N0.1 MNaOH 
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AFFECT OF SODiU~,1 ON SOLUBILITY OF 
VENDOR-1 IN 0.01 M NaOH 
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0.1 N NaOH Hydrolysis of Vendor-1 

Mossbauer Spectrum of SOh Insoluble Solids 

.~~~~~~.u~~~~~~~~ 

Vendor-1 + 0.1 N NaOH 

SOh, insoluble solids 

K4Fe(CN)6 * 3H20 

-2 - 1 0 1 2 3 4 5 



In AW\LYSIS or: nEACliON PnOUUClS IN ltiE nEGION OF 4000 • 3000 cm·
1 
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0.1 M Soluble neactlon Product 

1.0 M Soluble neactlon Product 

0.1 M Insoluble neactlon Product 

1.0 M lmmluble neaction Product 

C.19 



In ANALYSIS OF nEAGI ION PnOUUCTS IN Tl IE nEGION OF 4000 - 3000 em -t 
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IR ANALYSIS or nEACliON rnoUUCl S IN liiE nEG ION OF CN- ABSORBANCE 
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Appendix D 

Gaseous Products from the Thermal Decomposition of Ferrocyanides 



Ferrocyanide Safety Project 

"Predecisional Information" 

GASEOUS PRODUCTS FROM THE 
THERMAL DECOMPOSITION OF FERROCYANIDES 

Richard T. Hallen 
William F. Riemath 

Pacific Northwest Laboratory 
P. 0. Box 999 

Richland, W A 99352 

Tank Waste Science Panel Meeting 
Denver, Colorado 
March 25-27, 1992 
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DATA 
ACQUISITION MASS 

DO 

PROGRAMABLE 
TEMPERATURE 
CONTROLLER 

SELECTIVE INTERFACE 14--~.c=::::J-f4------ct 
DETECTOR 

CARTRIDGE HEATERS 

THERMOCOUPLE 

FIGURE 14. Illustration of instrumentation used in TG analysis and microfurnace 
sample holder. 

D.2 



Scan 522 (6.391 min): FECNB2S1.D 
4 

800000 
30 

700000 

600000 

500000 27 

400000 

300000 

200000 

18 26 

100000 14
16 

J 

0 · " ' I ' " ' I ' J Jl I ' I '
2 ~" I ' 

-> 5 10 15 20 25 /Z 

Scan 522 {6.391 min): FECNB2Sl.D 

mjz abund. mjz abund. 
12.20 50272 28.20 157760 
13.20 12191 30.15 755136 
14.20 88128 31.15 3614 
15.20 9932 32.15 2803 
16.10 102296 38.15 2628 
17.10 78856 41.15 1531 
18.10 135232 44.15 902912 
22.10 2237 45.15 11701 
24.20 3361 46.15 3972 
26.20 125352 52.10 73288 
27.20 473984 53.20 2512 

52 

FIGURE 2. The mass spectrum and relative abundance of gaseous components 
from the decomposition of flowsheet ferrocyanide at 350 C. 
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File: 
Operator: 

G:\CIIEMPC\DJ\'rA\TGAB2S1.0 
rth 

Date Acquired: 12 1\ug 91 3:54 pm 
R1'11TGJ\.M Method File: 

Sample tlame: 
Mise Info: 
1\LS vial: 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

50000 

0 
l'i ·:t~ -> 

1 

temperature programmed decomposition 50 -500 
batch 2 solid 1 Ferrocyanide 4.5 mg 

TJC!TGAB2Sl. 0 

' t f t -,-- , t f •- 1 t t 1 t T . , r 1 t ..--,..-, 1 t t t -, 1 r , -,-,- , t , - , - t 1 t t t 1 1 1 1 

10.00 20.00 )0.0~ 40.00 50.0~ 60.00 70.00 ~2:~0 _ !~:00 

0.4 



burlCiance -·- - -- -· - --·- .... 
TIC: 1'GAB2Sl. 0 

500000 
39 72 

450000 

400000 

350000 46.23 

300000 33.1 
78.76 

250000 

200000 

150000 

100000 

50000 

rime -> 
0 

t I 1 I . I ' r - r I I ' I 1 I ' I ' I 1 r I r·-,--, 1 - ' ' I I 1 -, - ,--,- '- r- ' I.., t , - I ··-· I 1 I ' 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.0.0 
... . -·- --- ------ ----------- -·---·--- -- -- --

bundance ------ -- ------ ---- - ----
TIC: TGAB2S12.0 

700000 40.89 

600000 

500000 

400000 

300000 

200000 

100000 

87.85 

--- (\ 
-------- ----- \ ' 

0 
l' ime -> 

'r • • r ·r ,--, 1 -, 1 • ,- , ·- r ·r .. ,. 1 r r 1 r- r• ' - I - , - , 1 r 1 -, ·-..-.-~ 1 1 r 1 r I 1 "' 1 , I 

!.<!: Q.Q ---~~. o~ ..... ~Q~_~_o __ ~ o .:.E.~-5~~~-~Q=-~~ -~2 . .:.g_o_ -~~: <!Q_ 90. oo 

FIGURE 16. Duplicate experiments of different sample size showing total ion traces 
for the thermal decomposition of PNL flowsheet ferrocyanide (Batch 2 
Solid 1). 
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File: 
Operator: 

G:\CIIEHPC\DATA\TGAB2S12.D 
RTII 

Date Acquired: 30 Aug 91 2:03 pm 
Net hod File: R'l'IITGA.H 
Sample Name: sodium nickel ferrocyanide from flowshc~.:t 

bat~h 2 solid 1 8 mg sample 50 - 500 c, 5/mi Nisc Info: 
ALS vial: 1 

-!on--18~oo-: - TGA82si2: -o-----------··-·--··--

300000 

200000 

100000 

----~--. 
0· .:::;::::;:--. -,. · ~ · · r - r--. ·· 'l~~ , -- , ... - r , .. 1 - , - r-·r·-r··r r- r f . , , . ,- ,__,--,- , - T--r-t- -r ., - . -.-- , , ··i·':-;.·-;-=:.,.·· ; : 1· - ·• 

rime-> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 · bun<iiince- · ----·---------~on- 28~-oo· : TG.ha2si2~ o-·- -- -- --··--------
3ooooo 

200000 

100000 r--·-··--,,-
------_./~~~---- ' 

0 -~-,- ;-~- ~--;-r::=-;--.... j :-r777~- . - , I, .. ,.' , --· · ..----t -•t I r··- · -r·r ,-,-, - ,- ,,- ,- , .,It' I I I 
l'ime -> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 · bi.inaance ·- -- -·- ------ - ---·ron-- 3o ~oo!-'TG!\a2si2~o ·------ - ------- ----- -

300000 

200000 

100000 ;v·'v~ 
0 ,. ' ' •-r-o~..........-:- , ' I ' , . ' ' I , - , .\ , .. , . , .. 1. , .. , ., . , . 1. , ' . , ' I ' ' ' ' I 

rime -> 10.00 20.00 30.00 40.00 so.oo 60.00 70.00 so.oo 90.00 
· blind a nee ~---~ -------------Ion-- 44 -. oo: ·TGAB2Si2-~o------ --- ..... ·-- ~ 

300000 

200000 

100000 

0 ~ - ~-~· r=j=f·=-TI~ " I I , . f - r··~ - ~--, - ~· 1- 1· 1- · · · r · l - 1- 1- f ' I ' ' lo ' I r· I ~~:~' 
10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 
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bi.mdance 

30000 

20000 

10000 

0 
rime -> 
·bunCiance 

30000 

20000 

10000 

Ion 12.00: TGAU2Sl.D 

fi____ -
1 1· 1 -,--, - ~ - ~--, -r ~- ~ ~-~ --r-rlf 1- 1- 1 1 1 ,.-,..- ,- ~1~ -r ,-,---.-..--.--.-IT- 1- r -1-- l ~-- r--~---~ -- 1 r ••1 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 ------ -·---------Ion 14.00: TGAB2S1.D 

0 ,-,--1- .-t(ll~·~r:-1-.,--1 · r- r 1-,-, _1_ 1 .-.-.-- ,- ,.,~T ltu 

rime -> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 
-buiidance ---- Ioil-i6~o:-TGAB2sl.o ---------

30000 

20000 

10000 

-----------~---------0 r ~ -~-,- r ·rr--r-r 11 r- ~ -~-r~ r- 1 r 1 ~ - ~-.--. - ~ -~ 1 t · r-~ - , - ,-,-..,-1 1 r1 · 1 11 111111 lla l 
rime -> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 -- -- -·· ----------- ·---·-- ··-- ------

Figure 18. Extracted ion traces for carbon (mass 12), nitrogen (mass 14) an oxygen 
(mass 16) from thR thermal decomposition of PNL flowsheet 
ferrocyanide. 
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File: 
Operator: 

G: \CIIEMPC\DATA \ TGAB2Sl. D 
rth 

nate Acquired: 12 Aug 91 J:54 pm 
Hethod File: RTII'l'GA.M 
Sample tlame: temperature programmed decompositJon 5u -~vo 

batch 2 solid 1 Ferrocyanide 4.5 mg Nisc Info: 
ALS vj a 1: 

bundance · 

JOOOO 

20000 

10000 

0 
I'jme -> 
bundance 

JOOOO 

20000 

10000 

1 

Ion-26 :oo: -TGA82si :o- - ----- .. ---

' ' ' ' I ' ' ' ' I ' ' ' ' 'fl-U ' ' ' ' I ' ' ' ' I -·~~ ,._,.~ I ' ' ' ' I ' ' 
10.00 20 .00 JO.OO 40.00 50.00 60.00 70.00 80.00 90.00 

---·- -ion- 27~-oo : TGA82si:o - ----- -· -

0 I I I I I I I I I I I I I 1
1 

I I I I I I, - , I I I 'fill(~~~. I I I 

rime-> 10.00 20.00 JO.oo 40.00 5o.oo 60.00 70.00 80.00 
-bundance --- - ---- ---- ion- -52.00: TGAB2Si~- ---- - -

I I I , I 

90 . 00 

JOOOO 

20000 

10000 

0 ''''lf~~ll"lllll 
10.00 20 .00 JO.OO 40.00 50.00 

r , ~ , rt 1 1 , • r ' 1 , • ' ' 1 r ' 

60.00 70.00 80.00 90.00 

0.8 



bundance -·- -· -· .. ---··-·-··-·-·---------------·--- .. --------·-· .. __ .... 
TIC: TGA82S1.D (*) 

5000 

0 , r,-, ,..., I I I 1- 1 - 1-r ~ - ~- ~-·-r- 1 I (1 - , -,- 1- rr 1 " 1 T - , - r.......-.--.-1 --.- r I -~ - r I 1-r- ·1 I r I 

rime -> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80 . 00 90.00 
E>unCiance·- ·----------------- rrrc: 'f(;i\2i ~5 -c• f ------- --

5000 

-------- -....__ _ ______ //\ 
0 " r I"T ,., 1 - r-,-,- ~ - ,- 1 - -,-1 r I I I I .,-.-.-r-r I r•r·~-,-,~..- ~-. I , - I I I I r I I 

rime - > 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 bundaiice ·- - --------Trc! if(;i\wiici. o - (*) ____________ -

5 00 0 

_ __/\ __ 
0 =;-;:-;-., 1- ~·-,-,- ~ -·-, -~-~ -~.-- .,-r-·r-r.....-.----, , -~-.-~- 1- 1 ~ - ~--. -...--.--.--.-r , 1 ~ - ~- 1 - 1 ~--~ . , . 

1 
1 1 

rime -> 10.00 20.00 30.00 40.00 50 . 00 60.00 10.00 80.00 90.00 
bunaance ------ --------- - ifrc : TGA2as.i5- <*> --------

~ . 

~--

5000 

ime - > 
0 -, .-.~---~ ---r--T--r--1 ~--.-.- 1 , --.-,-,1 1 r ' r- ,--~-~ --.--.---·~--,-,--.--r-,-4,. 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 

FIGURE 20. Total ion traces for the thermal decomposition of flowsheet materials: 
Batch 2 Solid _1 I FECN-21 1 WHC-1 and FECN-28b plus nitrate/ nitrite. 
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bundance - ---------ion ·--28. oo: TGA02Sl. o···( *) --

5000 

0 
rime - > 
-&undance 

5000 

0 
rime - > 
-bunC:iiu1ce 

500 0 

' ..- I 1 r r r-·1 I r l · -· r · I " r ·r,--.-.-.T·,.-,-r-T- I'" r-. ~-, -.-.--.- ~-.-~ -.-1- , - I ·r · l- 1 ~--, " I 1 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 
Ioil28. 00 : TGA2i--:o(if ·----· 

--~ ____/\\ 
,-~-, r·~-1 r-1- f ...... l- r-. · r-r ,--,- 1- , --.- 1-r-1 1-,-,........--.--.--1· 1- 1 ~-, - 1 I I I I' I 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 
i on- 28 .-oo:-TcAwlici:D(*) ---------

0 r ·1 1 · 1 1--.- 1-·1- ..-, 1 1 · 1·· ..-· 1 1 · 1 1 1 1 1 , - , ~ -, · -.·-ro·-r-1-.--.--.- ~ -r· · ·· ·-~ ·· · 1 1 

rime -> 10.00 20.00 30.00 50.00 60.00 70.00 ao . oo 90.00 
-f>uniiiince· ---- I -o-n--2s-:-oo: - 'fc;i\2aB.o (*) ·-------

500 0 ! 
\ _ 

0 • r-r-r-r- -~- ~-1 - ~- .-.-.1 I 1- 1 .-1-,--.--., •1 -.-.-r -.-.1- ..,-1- 1 1- 1 - ,-,- ~ - 1 f I 

rime - > 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 -----

FIGURE 21 . Extracted ion traces for mass ion 28 for the thermal decomposition of 
flowsheet materials: Batch 2 Solid 11 FECN-21 1 WHC-1 and FECN-28b. 
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File: 
Operator: 
nate 1\cquired: 
f·1ethod File: 
Sample Name: 
Mise Info: 
/\LS vial: 

420000 

400000 

380000 

)60000 

J.1 0000 

320000 

JOOOOO 

280000 

260000 

240000 

220000 

200000 

180000 

160000 

140000 

120000 

100000 

80000 

60000 

G: \CIIEMPC\0/\'f/\ \ TG/\21. D 
RTII 

6 Sep 91 
RTIITG/\.M 

7:53 am 

1 

---·- -·-·-

FECN 21 no additional NOJ or 110@ 
Temperature Programmed 5 C/minute 50-~UU c 

lor.- 2a. oo: -1·cA2i. o 
Ion 18.00: GA2l.D 

(' 'Y~ 

40000 

20000 

;t,~Jo rye!' 

~J!!\ -~-· 
0 -~-.-.-. ~·.--:··1 ' I ' ' ' ' I ' ' ' ' 1-.--.-. -, - , ··;--;- -, -, ;-..-=.-~-;-::;--. ~ ~ ~ -; ·-.. I I -, 

l'ill'c -> 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.011 - - - . . · I I 
I . 

D.ll 



File: 
Operator: 
Date Acquired: 
l~ethod File: 

G: \ Cll E~IPC\ 01\'fl\ \ TGI\21. 0 
RTII 

6 Sep 91 7:53 am 
RTIITGA.M 

Sample Name: 
Mise Info: 
1\LS vial: 

FECH 21 no additional H03 or NO@ 
Temperature Programmed 5 C/minute 50-~0U c 

1 

hundance ---- - -----·---·ran 28. oo: 'J'GA2T":o-·-··-·----·- · ·· · -· ·· 
Ion 18.00 : 'GI\21.0 
Ion 30.00: 'GI\21.0 

700000 

650000 

600000 

550000 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

\~ ot-

r-Jv-- lyl /yo"''b 

/~-s~7"' ~~ , _ __ _ -..;;:::--
0 I , .. , - , I I I ' I ' ' I I I I I I ' I I I ' I I I f 1 I I ' I I ' I I I i I I i I 

l'irnf' -> 10.00 ?.0.00 30.00 40.00 50.00 60.00 70.00 80.00 . .. 

100000 

50000 

I I f I 

90.00 
' ... .,. ' I .• 

0.12 

\ 



file: 
Operator: 
nate Acquired: 
1·1et hod f iJ e: 
Sample Harne: 
1-Hsc Info: 
J\I.S vial: 

G: \CIIEMPC\DA'fl\ \ TGJ\21. 0 
RTII 

6 Sep 91 7:53 am 
R'l'IITGA.H 

1 

FECH 21 no additional NOJ or HO@ 
Temperature Programmed 5 C/minute 50-~0U c 

bundance ------ --------- ·xon- 28 . oo: 'i·cA2i. o 
Ion 18.00: GA21.0 

420000 

400000 

380000 

360000 

340000 

320000 

300000 

280000 

260000 

240000 

220000 

200000 

180000 

160000 

140000 

120000 

100000 

80000 

60000 

40000 

20000 

f'ill'c -> 

(' ')It\) 

;t,~Jo tyc1' 

--~»\ ./__. 
• I I I I. I I. I.' I I I I. I I~-~-· -. -.-,-if""-,-,-~-,-,·~-.. i , ....... t' ,·. 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 . .. 

0 

D.ll 



File: 
Operator : 
Date Acquired: 
llethod File: 

G: \ CIIEt-IPC\ Dl\'fl\ \TGI\21. 0 
R'l'll 

6 Sep 91 7:53 am 
RTII'l'GA. H 

Sample Name: 
Mise Info: 
ALS vial: 

FECH 21 no additional H03 or NO~ 
Temperature Programmed 5 C/minute 50-~00 c 

700000 

650000 

600000 

550000 

500000 

450000 

400000 

350000 

300000 

250000 

200000 

150000 

100000 

50000 

1 

--- ------- Ion - 28.00:- 1·GA2J-: o-- - --­
Ion 18.00: ~1\21.0 

I on 30.00: 'GI\21.0 

\~ ot-

/~~~l:~~~ - <--~- -
0 , ,. , , 1 , , , , 1 , , , , 1 , , , , 1· , , , , 1 r , t . -

1
- i ,-.Ma ~ ., , 

1 
,- , , , 

1 
, 

l'imc- - > 10.00 ~0.00 30.00 4 0.00 50.00 60.00 70.00 80.00 9ll.liU 
1:.' •I· I •' 

0.12 

\ 



File: 
Operator: 

G: \ CIIEMPC\DA'l'A \'l'GA21. D 
RTII 

Date Acquired: 
t1ethod File: 

6 Sep 91 7:53 am 
RTIITGA.M 

Sample Uame: 
Mise Info: 
AI.S vial: 

bundance 
10000 

8000 

6000 

4000 

1 

FECN 21 no additional NOJ or NO@ 
Temperature Programmed 5 C/minute 50-~oo ~: 

Ion 26.00: TGA2l.D 

2000 

0 
l'ime -> 
bundance 

10000 

• • • • 1 • • • • 1 • 11fl0~ ~ I • • • • 1 • • • • 1 • • , I I t I I I I t • I I ' • 

8000 

6000 

4000 

2000 

0 
rime -> 
bundance 

10000 

8000 

6000 

4000 

2000 

0 
p· ime -> 

10.00 20.00 30.00 40.00 50.00 60.00 
- Ion 27.oo: TGA2i.D-

70.00 80.00 90.UI1 

" I 'l.lt•l•t I IJ( " " I " " I ' 
10.00 20.00 30.00 40.00 50.00 60.00 

I ' I ' t I I I I I I 1 

70.00 80.00 90.()() 
Ion 52.00: TGA21.D 

I ' I I • ' t I I I I I I I t ' I I I I I I I I I I I I l . - ' I I f ' I I I ' I I I I I 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.(H) 

0.13 



File: 
Operator: 
Date Acquired: 
Method File: 

G:\CIIEHPC\DATA\TGA28B.D 
RTII 

4 Sep 91 4:00pm 
RTHTGA.M 

FECN 28b and 50\ N03/N02 mix Sample Name: 
t-tisc Info: Temperature Programmed 5 C/minute ~u-~uu ~ 
ALS vial: 1 

bundance ---·----------- Tic: TGAh.o 

2500000 

2000000 

1500000 

1000000 

500000 JJ~ / ' ..,...--_ ________ ' ______ ,;· 
0 +-~,.--; .- .. ,-,--,-- , -. ~ .. -. I , ., I ' I ' ' f I I ' . . ... . ~ -·.-, I ,-.-,.-. -, ' I I I . I 

rime -> 10.00 20.00 30.00 40.00 50 . 00 60.00 70.00 80.00 90. 0 11 
- buiidailce -------~---- ------ Tic: TGA28B. D - ----- -- ·-- · -

2 500000 

2000000 

1500000 

1000000 

500000 

-------- ----- ---- ---------· --· __ / 
- ..-- t t t 1 - ,- t -.- -, 1- r· t t , . 1 t t r t 1 r- t t t 1 t - ,--, 1 1 t 1 t t 1 t r 1 t 1 1 t I ' 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90. 0 11 

D.14 



File: 
Operator: 
nate /\ccJuired: 
flethod Fi Je: 
Silmple U<tme: 
fl i RC Ill [ 0: 

/\I .s vi a l: 

bundance 

1200000 

1100000 

1000000 

900000 

800000 

700000 

600000 

500000 

400000 

300000 

200000 

100000 

G: \CIIEMPC\0/\'1'/\ \TG/\280. 0 
RTII 

4 Sep 91 
RTII'I'G/\.M 

1 

4:00pm 

/" 

FECN 28b and 50\ N03/U02 mix 
Temperature Programmed 5 C/mi nule 50-!.>IH) ' · 

ion ~ij.o5: tc~~ao.6 
Io 1 18.00: TG/\288.0 
Io I 30.00: 'l'G/\288. 0 

' ' ........ ___ _ _ 
._ .. , ..... ·-

l'im" - > 
0 

I i ' I I ;- I I I -; . .. I I I I I I I f f •• '·-1., ... ,._, 1 I ' I .... t I I .,_-r- t I t i • ' I 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.0ll 

0.15 



File: 
Operator : 
l>t~te /\cquired: 
11ethod Fjle: 
St~mple ll<tme: 
11isc Tnfo: 
/\ LS vi a l: 

bundance 
2600000 

2400000 

2200000 

2000000 

1800000 

1600000 

1400000 

1200000 

1000000 

800000 

600000 

400000 

200000 

G: \CII EHPC\D/\'1'1\ \TG/\28B. D 
RTII 

4 Sep 91 4:00pm 
R'l'll'l'G/\.M 

FF:CN 28b and 50\ 1103/1102 mix 

1 

~ 
-y 
~ 
~ ~ 

.~ 

Temperature Programmed 5 C/minutc 50 - !>l•ll c 

TIC: TG/\2i.D 
'l'IC: TG/\28B.D 

.... __ ... • .. ">- -::-: : ·;; 

'I ' i IT'" _, 
0 

I I I I 1 I t t I I I I I I I I I I I I 1 ' I I I I f I I I I ' ' I I I I I I I I ' 
IO.IHJ 20.00 30.00 40.00 '50.00 60.00 70.00 80.00 90.00 

0.16 



File: G: \ CIIEMPC\ DJ\TJ\ \ TGl\21. D 
Operator: RTII . 
Date Acquired: 6 Sep 91 7:53 am 

RTIITGA.M Hethod File: 
Sample Name: 
Hisc Info: 
J\LS vial: 1 

bundance 

600000 

400000 

200000 

FECN 21 no additional ~03 or NO~ 
Temperature Programmed 5 C/minute ~0-!..uu c· 

Ion -------- -28.00: TGl\21.0 

/ 
... \ 

0 
rime -> 
bundance 

-·- -
I I I ,. , I I I I I I I I I I I I t I I I I I I I ' I I I I I I I I I 

10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.0u 
Ion JO.OO: TGA21 . D 

600000 

400000 

200000 

0 
rime -> 
bundance 

600000 

400000 

200000 

·------
' I-, ,--r-;--; I I I ' I 1 I r I I I I ' I I I I . I . • I I .. ,-.··r- .,-..,..., I ' I I I I I I I 

10.00 20.00 30.00 40 . 00 50.00 60 . 00 70.00 80.00 90.0u 
Ion 44.00: TGA2l.D 

//\ 
I I 

___ /\__/~ _________ / \ 
0 · • • t • 1 r·- ....-r-rl ·,-1 t ', .,. , - ,' 1 't , . , r' r l" .. ....--;--; I', 

rime-> 10.00 20.00 30.00 40.00 50 . 00 60.00 70.00 
I I I I I I I I I 

80.00 90.(11) 

0.17 
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Variation of Solids with Depth 
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Bulk Density -- Honest Significant Interval 
1 .8 1 

E l I 
~ I I L 

0"1 

->-, 
+--' ·-
Ul 1.6---j -
c 

'" QJ :.. 0 

c I 0 I QJ 

2 

I 
1.44-~~~~~~~~~~~~~~~~~~~.-. 

2 3 4 56 7 8 9101112131415161718192021222324 

Segment Number 



Supernate Density -- Honest Significant Interval 
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Solid Density -- Honest Significant Interval 
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Table 2-1. Summary of Analyses of Core Sample Facies Samples. 
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14 Bot 15 " 16R 17 11 " 20 

XHZO trav 39.0 27.0 30.7 26.7 31.8 33.6 31.6 35.0 

XHZO TGA 38.3 38.5 36.5 35.1 36.1 34.4 33.1 34.4 

OSC • lOt IXO ·104 ·99 ... ·93 ... •125 ·!3 ·53 
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Table 2-2. Estimated Weight Percents of Components Not Analyzed 
{"Other" in Table .2-ll. 

Comoonent Convective Laver Non-Convective Laver 

c1· 0.9 0.8 
PO,_ 0. 5 0.9 
so ,_ 0.1 0. 7 

TIC 0.5 Ll 

NH 0.0 0.3 

ow 2.6 2.5 
K• 0.3 0.3 

TIC • total inorganic carbon 

Table 2-3 shows a comparison between the segment average values and the 
two dip samples from 101-SY analyzed in 1986 (see Appendix H). Also shown in 
the table is the composition of the synthetic waste recipe used for a variety 
of laboratory studies over the past year. In general, these comparisons show 
that modeling studies and chemical studies done over the past year based on 
historical (1986) sample results and on synthetic waste compositions are 
valid, because the core sample results confirm what was already known about 
the composition of the waste. Of course, the 'core samples provided 
significant information that was unknown concerning waste homogeneity and 
physical properties, and gave a more accurate picture of the waste 
composition. 

Compared to the 1986 values, the current nitrate values are lower and the 
nitrite values are higher. This could be explained by radiolytic reduction of 
nitrate to nitrite. The synthetic recipe is high in nitrate (relative to the 
core sample results), but the nitrite is on target. 

The TOC values for the convective layer segments are lower than the 1986 
samples, while the values for the non-convective layer are higher than the 
1986 values. This could indicate a change to less soluble organic compounds 
as a result of chemical decomposition of the organics over the five year 
period. The overall average TOC content of the tank is remarkably close to 
the 1986 sample results. The synthetic recipe was intentionally set to a 
conservatively high level of TOC. 

Sodium and aluminum are both slightly lower in the core samples than the 
1986 samples. This may not be a statistically significant difference. The 
synthetic values are on target. Calcium values are comparable, but the 
chromium is much higher in the core samples. There was no calcium or chromium 
in the synthetic waste. 

E.16 
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Table 2-3. Comparison of Segment Averages with Historical Samples 
(All Values in Weight Percent) . 

Convective "H1ddl e Non- "Bottom Synthetic 
convective recipe layer slurry"* layer slurry"* 

NO. 
' 

10.3 14.9 10.2 ll.3 15.3 
NO . 

2 11.7 10.9 9.1 8.1 9.8 

TOC I. 25 1.5 1.9 1.5 2.4 

Na 20 .I 25.5 21.2 22.0 20.2 

Al 3.4 4.4 3.5 3.6 3.96 

Ca 0.012 0.016 0.036 0.017 0.0 

Cr 0.088 0.004 0.70 0.002 0.0 
*See Appendix H. 

2.4 COMPOSITE SAMPLES 

Five composite samples representing the convective layer (composites 1 
and 2}, the nonconvective layer (3 and 4), and the crust (5) underwent more 
extensive analyses than the individual segment samples. Results of the 
composite sample analyses are presented in Appendix B and are discussed in 
detail in Section 8. Tables 8-1 and 8-2 summarize the analytical results. 
Some of the analyses done only on composite samples include the major anions 
carbonate and hydroxide, the complete list of ICP metals, and the ·major 
radionuclides. 

The metal ions present in the waste occurred in the following order of 
abundance: Na > Al > K, Cr > Ca > Fe > Ni > Ho, Zn. All other ICP metals 
were present at concentrations of less than 50 ppm. The Na, K, and Al were 
found about equally distributed among all waste fractions (liquid, bulk 
sample, centrifuged solids), while the remaining metals were clearly much more 
concentrated in the solid phase than in the liquid phase. 

The major alpha-emitting isotope was found to be 241 Am, which is present 
at activities of about 200 nCijg of waste in the nonconvective layer, and much 
lower in the convective lar.er. The liquid fraction of the convective layer 
contained less than 1 nCi 41 Am/g of liquid, whlle the centrifuged solids 
(representing about 20% by weight of the £onvective layer) contained about 
50 nCijg of sol i~s. The activity of 239124 Pu was consistently about one-tenth 
the activity of 41 Am. Therefore, the convective layer could be considered a 
non-TRU waste, while the nonconvective layer is a TRU waste. 

The amount of hydroxide in the waste averaged about 2.5 weight percent 
oH·, corresponding to a concentration of about 2.4 M NaOH. This is 

E.17 



WHC-SD-WH-DTR-024 REV 0 

Table 3-4. Summary of Centrifuged Sol1d/Lfqu1d Phase Separations at Go·c. 

Weight % 1 iquid Weight% solids* 

Segment Cone II Cone 12 Average Cone II Cone 12 Average 

4 82.4 93.6 88.0 17.6 6.4 

5 85.1 86.7 85.9 14.9 13.3 

6 84.4 -- 84.4 15.6 --
7 87.4 86.8 87.1 12.6 13.2 

8 76.8 73.9 75.3 23.2 26.1 

9 82.5 82.0 82.2 17.5 18.0 

10 81.1 80.1 80.6 18.9 19.9 

11 80.5 84.0 82.3 19.5 16,0 

13 80.8 82.7 81.8 19.2 17.3 

14 49.8 -- 49.8 50.2 --
Average Segments 4-13 83.1 Segments 4-13 

*-Keep in m1nd that "centrifuged sol1ds" conta1n a substant1al 
fraction of interstitial liquid, generally more than half, by weight. 

WHC-SD-WH-DTR-024 REV 0 

IZ.D 

14 .I 

!5.6 
12.9 

24.7 

17.8 

19.4 

17.7 

18.2 

50.2 

16.9 

T bl 3 6 W · ht P t c t if d s l'd d L1 id t 60"C a • - 0 e1gr ere en en r uge 0 1 s an lOU s • 0 

Weiaht X 1 iauid Weiaht X solids 
Composite 

Cone II Cone 12 Avera9e Cone II Cone 12 

I 61.4 66.9 64.2 38.6 33.1 

2 62.0 52.6 57.3 47.4 38.0 

3 21.0 23.4 22.2 79.0 76.6 

4 18.8 • ---- 18.8 81.2 ----
·Due to limited sample amount only one cone was processed for 

composite number 4. 

E.18 
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Table 6-1. Summary of Analytical Results for Window C Crust Samples. 
{2 sheets) 

TnUII'IIH'tt/ Aueer uw~~~ples by rl .. r rl~A~t>or SLL.Jdve w.\ght ·~t·• 
a,...lysla 

2ZA Top I 22A Bot J '"I ,,.1 , .. ml '" 11A I , .. 
Direct 

x:tt2o, vnv 20.2 20.6 29.1 "·' 23., <•> <•> <•l <•> 
XHzO, 1GA 18.9 19.9 31.6 40.11 23.4 16.2 31. T 17.0 16.3 

,, 13,3 12.9 .. . . . . .. . . . . .. 
TOC·PNL 1.55 1.45 1,55 0.9< .. . . .. . . .. 

'" 
. ., ·60 ·66 ·28 . , ... ... ·44 ·4J 

Weur digest 

10C 2.10 '·" 1.92 1.61 1.54 .. 1.82 1.84 2.31 

"' 1.67 1.18 1.00 1.58 1.05 .. 0.83 2.43 2.26 

NH
3

/NK
4

+ <0.04 <0.04 <0.04 0.05 0.04 .. . . . . . . 
"' ,, 4JO '" 310 320 JSO .. '" 470 670 
. 

F <0.10 <0.04 <0.04 <0.10 <0. 10 .. <0.01 . . .. 
. 

" 0.90 2.1] 1.27 0.66 0.90 . . 0.96 (b) .. ,., 
14.40 17.10 14.05 12.40 16.00 .. 15.30 12.80 18.60 

Pot 0.90 0.49 0.90 1.28 0.85 . . <1.40 . . .. 
so2• 

4 1.06 , .56 1.25 1.47 1.21 . . 0.96 (b) .. 
Noz 1].90 14. 7'5 10.4] 8.05 12.10 .. 11.70 15.20 15.00 

Acid digest 

.,. " 470 400 JSO .. l70 . . . . . . . . 
23 ,, <0.1 <0.12 cO, 11 <1. 1 . . . . <0.1 .. .. .. 24.1 24.6 22.5 19.5 "·' . . 23.2 25.60 1.$ . 

" 4.04 4.31 3.11 l.93 3.110 .. ].66 4.62 I.S. 

,, 0.02 0.02 0.03 0.04 O.Ol .. 0.05 .... I.S. 

" 0.47 0.40 0,58 0.51 0.35 . . 0.58 O.l6 I.S • 

,. 0,07 0.03 0.05 0,14 0.03 . . 0.04 0.15 I.S. 

Mau b-alance 101.6 104.7 99.8 100.1 98,0 . . 105.1 10J.5 . . 
I~ 0.86 0.86 0.911 0.84 
b.atance(c) 

0.93 .. 1.01 0.83 .. 

Unite 

"' 
'" .. 

" ' 
cal/11 

"' 
'" " . 

.CI/g ... 
" . 
'" 
'" 
" • 
" • 

~tCI/8 

,.c 1/g ... 
"' .. . 
" . .. . ... 

. . 

Mass Balance : wt % H,o grav + 3•TOC + S•TIC + Cl- + No; + ro'-• + 

so~· + N02+ Na + 2.2•Al + Ca + C< + Fe + 2.1 

E. llJ 
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Table 6-1. Summary of Analytical Results for Window C Crust Samples. 
(Z sheets) 

Auger 1a111pl" by' riser rullber Sludge ~~eight 1...,1 .. freat..ent/ 
~lysis 2ZA Top I 22A lot I 1,.., ,,. I ,., units ,. 
fu.lon 

Tl 670 530 580 570 

AT o.1a z.os 0.4 c0.15 

137c1 "' 375 310 310 

u .. .. 123 75 
· ZJ~ , • 24o,.,. 

0.012 0.010 0.024 0.012 

-w .. 0.115 0.102 0.198 0.137 

ZlY,. <0.5 <0.66 <1>.7 <0.5 .. ,. 0.4 0.42 0.3 0.26 

1291 .. 0.015 <1.6 cO.OT c0.01 -..,, 20.9 22.9 34.2 .... 
osc • differential scanning ealori .. try 

grav • eravt .. tric 
1.5. • Insufficient s-.pl• 

TIC • total Inorganic carbon 

16A 1,.. 

... .. 1700 .. 
0.02 .. 0.42 --
500 -- 955 --
n -- 230 --

0.007 -- 0.021 --
0.12 .. 0.228 --
cO.S ·- <0.6 --
0.42 -- 0.0002 --

<0.04 .. <0.02 ·~ 
25.2 .. 71.2 ·~ 

TOC • total organic urban, W..tfngft«Me Hanford Cc.peny th.,...l cOIIIbultlon Mthod 
TOC•PNL • total orgMic carbon, Pec:lflc NorthWHt Laboratory ch-ical oaid.tlon Mthod 

(a)U .. d% M1o, TGA values for ••• b.L.nc:a ~!~hera gnvi•tric values not detanalned. 
(b)Uiecl av.hge value. of all other c:,....t a.-.pl" Ia c•Lcul•l• -• .nd ton bsl-e. 
(c)See teKt, Seetion 6.0. 
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Ion balance is the ratio of cation equivalents to anion equivalents, and 
should equal 1.00. Sodium represents the only significant source of cations, 
because potassium, the second most abundant cation, contributes about I% as 
much as sodium. Therefore the total equivalents of cation is calculated by 
dividing the weight percent sodium by its atomic weight: 

Cation Equivalents • Na/23 

The calculation for the total equivalents of anions is more complex: 

Anion Equivalents = TOC/36 + TIC/6 + Cl/35.45 + N03 /62 + 3•P0,/95 

+ 2 •S0,/96 + N02 / 46 + Al/27 + 2. 1/17 

The factor of 1/36 for TOC accounts for an average of one negative charge 
for every three carbon atoms in typical 101-SY organic compounds such as 
Na3HEOTA. The factor of 1/6 for TIC accounts for two negative charges per 
carbon atom in carbonate. The factor 2.1/17 accounts for the estimated 
hydroxide contribution as discussed above. 

The mass balance results in Table 6-1 are generally well within the range 
acceptable for these k1nds of analyses, though they are consistently high. 
The ion balance results are, conversely, consistently low. This 1nd1cates 
that one or more of the anion values may be consistently overstated by a small 
amount. The ion balance is particularly sensitive to errors in TIC, because 
the equivalent weight for carbon is only 6 g, compared to 62 g for NOi and 
46 g for NOi_. For example, changing the TIC for sludge weight sample llA from 
2.43% to 1.37% (which is the average of the other crust samples) would lower 
the mass balance from 103.5 to 98.2 and would raise the ion balance from 0.83 
to 0.96, which is much more reasonable. 

6.1 DIRECT SAMPLE ANALYSES 

Weight percent water was determined by oven drying at 12o·c (see RPercent 
Water" in Appendix D) andfor by TGA as discussed in Section 5.0. In one case, 
it was also determined by Karl Fischer titration. Agreement among the methods 
was very good in most cases (Table 6-1.) One exception was Auger llA, where 
the TGA value is six weight percent higher than the gravimetric (oven drying) 
method. The mass balance calculation at the bottom of Table 6-1 uses the 
gravimetric value for percent water, unless there is only a TGA value. Thus, 
the mass balance for sample Auger 11A could be higher than that shown in the 
table if the TGA percent water is correct. The mass balance of 100.1 implies 
that the gravimetric value is more likely correct for this particular sample. 

The pH values shown in the table are lower than one would expect for a 
sample as high in caustic as these are thought to be. However, Appendix 0 
points out the uncertainty in the pli values near either end of the pH scale, 
especially for very high ionic strength, high sodium samples. 

E.21 
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Table 7-9. Weight Percent Total Organic Carbon (Westinghouse Hanford 
values) 1n Segment Samples. 

Sample Duplicate Liquid Solid Weighted 
Segment phase phase combined 

Tr1al I Trial 2 Trial I Trial 2 average average 

4 1.08 1.06 LIB 1.20 1.13 1.74 1.20 

5 1.22 1.24 1.20 -- 1.22 1.59 1.27 

6 1.12 1.17 -- -- 1.14 1.63 1.22 

7 0. 73 -- 1.15 1.18 0.94 1.88 1.06 

8 I. 03 1.06 1.15 -- 1.09 1.60 1.22 

9 I. 29 I. 26 1.13 -- 1.20 1.93 1.33 

10 I. OS -- 1.17 I. 22 1.12 1.87 1.26 

11 1.09 -- 1.27 -- 1.18 1.94 1.31 

13 1.16 -- !.II 1.13 1.14 1.80 1.26 

14t 0.81 0.82 -- -- 0.82 1.90 1.36 

Convective 1 ayer averages: 1.10 1.79 1.25 

Segment 
Sample· Duplicate 

Bulk sample average 
Trial I Trial 2 Trial I Trial 2 

14b 1.67 1.69 I. 72 -- I. 70 

15 I. 91 -- 2.01 1.88 1.93 

16 1.92 -- -- -- 1.92 

16R 1.97 1.94 1.87 I. 91 1.92 

17 2.04 -- 2.00 -- 2.02 

18 2.11 -- 2.09 1.94 2.06 

19 1.92 I. 76 I. 91 -- 1.88 

20 1.96 -- 2.08 -- 2.02 

21 2.01 1.93 1.88 1.83 I. 91 

22 1.89 -- 1.92 -- I. 91 

20A 1.88 1.80 1.85 -- 1.85 

21A 1.88 -- 1.85 -- 1.87 

22A I. 91 1.90 1.83 -- 1.87 

Nonconvective layer average: I. 91 
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Figure 7-3. Distribution of Total Organic Carbon. 
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8.0 CHEMICAL AND RADIOCHEMICAL ANALYSES 
OF CORE COMPOSITE SAMPLES 

Composite samples were made by blending together portions of individual 
facies samples in the same proportion, by weight, as the facies were found in 
the core sample. A full complement of chemical and radionuclide analyses was 
performed on each of the composite samples. 

Five composite samples were prepared from the one full, 22-segment core 
sample taken in Window C. The facies that were used to prepare each composite 
are shown in Table 3-5. Briefly, they are: composite 1, segments 4 - B; 
composite 2, segments 9 - 14 Top; composite 3, segments 14 Bottom - 18; 
composite 4, segments 19- 22; and composite 5, solid fraction of segment 2. 
Thus, composites 1 and 2 represent the convective layer, while 3 and 4 
represent the nonconvective layer, and composite 5 represents the crust. 

Composite samples 1 - 4 were prepared for analysis in the same way as the 
convective layer segment samples, by heating the samples to 60 °C and 
centrifuging. Appendix E shows logic diagrams for the sample breakdown 
procedures used. In addition, bulk samples from composites 3 and 4 were 
analyzed to provide direct comparison to the individual segment analyses. For 
the nonconvective layer segments, the decision was made not to analyze the 
centrifuged solid phase. Because there were about 80% centrifuged solids at 
60 °C, there was essentially no difference in composition between the 
centrifuged solids and the bulk sample (see Table 3-6). 

Tables 8-la and 8-lb show a summary of the liquid phase analytical 
results (chemical and radionuclide, respectively) for the composite samples. 
The results for the centrifuged solids and bulk samples are shown in 
Tables 8-2a and 8-2b. These tables give the averages of replicate analyses of 
duplicate samples. In some cases, additional samples were prepared and 
analyzed· due to discrepancies in the in1tial results. Results of all the 
individual analytical determinations are in Appendix B. Mass balance and ion 
balance in Tables 8-la and 8-2a were calculated in the same way as described 
in Section 6.0. 

Some of the analyses performed on in,jividual segment samples were not 
repeated on the composite samples. They include thermal analysis (OCS/TGA), 
weight percent water, and TOC. However, several species were an~lyzed in 
both segment and composite samples, including nitrate, nitrite, 13 Cs, and 
five ICP metals. These analytes provide a comparison between the composite 
samples and the average of the segments used to form each composite. Some of 
these comparisons are shown in Table 8-3. The last column in this table is 
the standard deviation determined from the segment analyses, and is taken from 
Tables 10-5 and 10-6. 

Overall, the agreement between segments and composites is reasonably 
good, but there are some exceptions. The concentration of nitrate in the 
liquid phase was much h1gher for the composite samples than the corresponding 
segment samples. The amount of nitrate in the centrifuged solids was too 
variable to assign an average value for composites 1 and 2. For example, 
values reported for composite 1 centrifuged solids were: 26.3, 26.9, 7.8, 
33.7, 8.3, 7.Z, 15.Z, and 14.6% No,· by weight (as shown in Appendix B). Some 
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Table 8-la. Chemical Analysis of Composite Sample liquid Phase 
(Weight Percent Except Cyanide) . 

Composite number 
Analysis 

I 2 3 4 

No· 
J 16 .I 15.0' 11.9 12.2 

NO" 
2 13.7 13 .ac: 9.9 B. 7 

Cl. 0.69 1.02c: 0.92 0.70 

f" -- -- 0.07 0.04 
pol· 

' 
0.53 0.56c 0.91 0.91. 

so2 • 

' 
0.13 o.osc: 0.06 0.26 

TIC 0.26 0.66e 1.60c I. 60' 

TOC 0.94 0.94. 1.14 0.94 

NH3 /NH: 0.01 0.01 0.02 --
OH" 2.61 z.az• 3.06 1.96 

CN" (ppm) 90 91 90 394 

Na 19.3 17.7 11.1 17.9 

Al 3.07 1.75 3.36 1.96 

Cr 0.006 0.005 0.013 0.022 

Fe -- 0.003 0.006 --
Ca 0.046 0.056 0.052 0.119 

K 0.361 0.312 0.360 0.336 

Mo 0. 011 0.009 0.012 0.009 

Ni 0.004 0.003 0.010 0.006 

Zn 0.009 0.005 0.009 0.022 

H2o (b) 36.53 35.73 36.13 36.13 

Mass Sal 101.4 96.4 103.5 96.6 

I on Ba 1 0.69 0.65 0.67 0.62 

•value not determined; assumed to be same as composite from same layer 
(in order to calculate mass and charge balance). 

byalue not determined; assumed average of segment samples for convective 
layer {assumed nonconvective liquid equal to convective layer liquid 
avera~e). 

One or more duplicate sample results discarded. 
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Table 8-2a. Chemical Analysis of Composite Bulk Samples and 
Centrifuged Solids (Weight Percent Except Cyanide). 

Centrifuged sol ids Bulk samples 
Analysis 

Nl N4 #S 12 N3 

NO~ 8. 7c 8. 7c 10.5 10.4 12.8 

No· 
1 II. I 13.9 10. 5 8.3 8.5 

Cl. 0. 73 0.68 0.76 0.93 0. 65' 

r· 0.03 -- -- -- 0.17· 

pal· 
4 0.50 0.44 0.81 0.90 l.os• 

so2 • 
4 0.20 0.24 0.67 0.71 0.89' 

TIC I. 02 I. 18 0.99 1.!5 I. 38 

TOC (b) I. 70 1.89 I. 97 I. 93 I. 96 

NH3 /Nii: 0. 19" 0. 26e 0.31 0.37 <0.09 

Olf 2. 12 .. I. 58 2.52 2.42 I. 69 

CN. (ppm) 152d 117' 389 409 469 

Na 22.0 22.5 20.3 22.3 20 .I 

Al 2.52 2.71 3.57 3.7 3.86 

Cr 0.20 0.22 0.58 0. 71' 0.76 

Fe 0.015 0.029 0.054 0.061 0.116 

Ca 0.128 0 .127 0.066 0.044' 0.054 

K 0.267 0.508 0.310 0.301 0.241 

Mo -- -- 0.009 0.009 --
Ni 0.011 -- 0.039 0.026' 0.027 

Zn 0.005 -- 0.007 0.007 0.005 

H20 (a) 35.03 35.03 34.04 32.52 33.65 

Mass Ba 1 97.0 101. 7 100.2 99.5 101.9 

Ion Ba 1 1.13 1.07 0.93 1.04 0.89 

•wt. % H20 for Compos1tes 1 and 2 taken from segment data 1n Table 7-7b; 
for Composites 3 and 4 taken from segment averages (see Appendix B); 
Composite 5 determined directly. 

~OC values for Composites 1 and 5 determined directly; other values 
taken from segment averages {Table 7-9). 

cAverage of values from corresponding segments. 
dBulk sample, not CP.ntrlfuged solids. 
eone or more duplicate sample results discarded. 
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Table 8-3. Comparison of Composite Sample Analytical Results with Averages 
of Corresponding Segment SamP,lf Results. Values are in weight percent 

exce t for Cs, which is in uCi/q. 

Analysis Phase Composite Composite Segment a' 
N sample averaqe 

I 16.1 12.3 
Liquid 0.65 

2 15.0 10.1 

1 • 8. 7 
Solid • 0.67 

NO • 2 8. 7 J 

3 10.5 10.4 
8ul k 0.67 

4 10.4 10.0 

1 13.7 12.8 
Liquid 1.12 

2 13.0 11. 2 

1 11. 1 10.5 
Solid 0. 74 

NO • 2 13.9 9.6 2 

3 10.5 9.2 
Bulk 0.74 

4 8.3 9 .1 

1 19.3 20.3 
Liquid. l. 24 

2 17.7 19.9 

Na 1 22.0 20.9 
Solid 0.93 

2 22.5 20.6 

3 20.3 20.8 
8ul k 0.93 

4 22.3 21.7 

1 403 469 
liquid 118 

2 427 458 

1 328 382 
nrc 5 c Solid 44 

2 329 407 

3 360 370 
Bulk 44 

4 319 364 
~uup11cate sample results vaned too much to ass1gn an average value. 

and 
bAanalytical standard deviation for segment samples, from Tables 

10-6. 
cAverage of water digest, acid digest, and fusion values. 
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Outline 

Nitrous oxide solubility measurements 

Physical properties of synthetic vs. actual waste; effect of 
heating and dilution 

Nitrous oxide/hydrogen product ratios as a function of 
hydroxide ion concentrations 

Sub-critical oxidation of organic compounds in synthetic 
wastes 



Gas Solubilities in Synthetic Tank 101-SY Wastes 

Relative solubilities of nitrous oxide, nitrogen, and hydrogen 
may be an important factor in determining the ratios of gases 
released during rollover events 

Nitrous oxide at least 10 times more soluhle in water than 
either nitrogen or hydrogen (DA Reynolds memo to GD Johnson 
dated 01/02/92, quoting from CL Young, 1982) 

Solubility of nitrous oxide in solutions of high ionic strength 
are not well understood; data are limited with regard to 
temperature and salt concentration; solubility is expected 
to decrease substantially with increasing ionic strength. 

(note: 1 gram nitrous oxide dissolved per liter, the solubility 
at 25°C in water, corresponds to roughly 70,000 cubic feet 
of gas at STP in a million gallon tank.) 
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APPARATUS FOR MEASURING GAS SOLUBILITIES IN SYNTHETIC WASTE 
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nitrous oxide solubility at 40°C in synthetic waste 
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Nitrous Oxide Solubility in Synthetic Wastes 

solubility determination for distilled water is in good 
agreement with literature 

results for synthetic wastes (organics not included) 
indicate solubilities of 0.01-0.03 g nitrous oxide per 
kg waste per atmosphere nitrous oxide 

low temperature ( <40°C) solubility measurements 
in progress 
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Co111parison of Physical Properties 
of Synthetic and Actual Wastes 

Synthetic 'vaste con1position based on n1ost recent 
'vaste analysis data 

Con1parisons 1nade of: 

density 
'veight percent " 'ater 
weight percent centrifuged solids 
volume percent settled solids 
shear strength 

Effect of heating and dilution on 'veight percent 
centrifuged solids assessed for synthetic wastes 
(identical 111easurernents 'viii be 1nade for actual 
'vastes later by Tingey and Jones) 
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Synthetic Calculated from 
Component Formulation 1 01-SY Data 1 

Wt% 

TOG 1.522 1.58 

Na 19.6 20.5 

AI 3.6 3.5 

cr1 1.5 1.5 

PO "3 
4 1.1 1.1 

NO "1 
2 10.8 11.5 

NO ·1 
3 9.5 10 

co "2 
3 1.5 1.6 

F-1 0.12 0.1 

OH"1 3.1 3.1 

so "2 
4 0.19 0.19 

Cr 0.35 0.37 

Cu 8x1 o·4 

Fe 0.026 0.028 

Ni 0.0078 0.008 

Ca 0.02 0.021 

K 0.36 0.37 

H20 40.4 Ja_ 
Total 100.0 100.9 

1. Calculated by RT Allemann 
2. Total TOG from Na4EDTA and Na3HEDTA 
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Wt% Centrifuged Solids at Different 
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Infrared Spectra of Inorganic Phases 
Present in Tank 1 01-SY 

(absorbance scale) 

sodium aluminate 

sodium carbonate 

sodium phosphate 

sodium nitrate 

sodium nitrite 

1s9o 1lao 77o 3so 
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Sub-Critical Oxidatio11 of Organics 
in Synthetic Wastes 

I-Ieating to 200-250°C 1nay be an effective 
1neans of elilninating gas generation capacity 
of Tank 101-SY 'vastes 

Addition of hydroxide to the 'vastes 1nay be 
necessary to enhance decon1position of organics 

Goal is to screen decon1position kinetics for range 
of organic contponents, identify decomposition 
products, and assess their gas generation capacity 
follcnving heat treahnent 
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Total Gas Production from Thermolysis of 
0 
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Subcritical Oxidatio11 of Organics 

An11nonia a principal degradation product 

HEDT A, EDT A, glycine yield largest an1ounts 

substantial atnounts for son1e con1pounds that 
contain no organic nitrogen 

Gas generation capacity (at tank ten1perature) much reduced 
by heat trcattnent to 200°C \Vhen additional base is present; 
heat treatn1ent not effective in reducing without additional base 

Gas cotnpositions show a strong hydroxide ion dependence 

Analysis of degradation products for representative san1ples 
being performed by J. Can1pbell; TOC being detern1ined for all 
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Role of 1-lydroxidc Ion on Rates and Stoichiotnetries 
of Gases Generated in Synthetic Wastes 

Dclcgard (1980) showed a n1axin1a in the initial 
reaction rate in synthetic wastes as a function of 
hydroxide ion concentration 

Recent data suggests that hydroxide ion concentrations 
also affects the stoichion1ctry of gaseous products 
(hydroxide ion additions were suggested by I-I Babad 
as necessary for effective sub-critical oxidation of 
organics in synthetic wastes) 

F.32 
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Role of Ilydroxide Ion Concentration 
on Gas Product Stoichio1nctry 

nitrous oxide/hydrogen ratios varied fron1 1-12 for wastes 
containing HEDT A, depending on the hydroxide ion 
concentration; sitnilar results for EDTA (thennally-driven) 

stnall change in hydroxide concentration corresponded to 
large changes in gas product stoichio1netries 

F39 
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Issues to Discuss: 

* How Well Do We Simulate the Tank {Radiolytically and 

Chemically}? 

* Radiolytic Yields from Slurries 

* Thermal Generation Rates from Preirradiated and Control 

Systems 
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Issue 1: 

• How Well Do We Simulate the Tank Chemistry? 

Radio lytic Thermal 

LAB TANK 

Sources 1 P and a 

~ ~ DoeeRIIIe High Low 

'-Dose Low High 

...... , 

...... , 

..... , 

High doses will change che rnicaJ composition­

ence on composition low conversions and depend 

Check dose-rate effe ct 
We:.k for H2 

e to zero Strong for N20- - Extrapolat 

r vs. P: no difference: Compton Scatter· mg reaJses electrons (~)of same E 

a than P 1 vs. a: a more efficient H2; but << 1% 

In principle: no reason for concern on 1 vs. P 
- We checked conlribution fmm u; inco•cqucotial 

Radiolytically- very good simulation 
But: 

0 
We can only be as good as tlte chemistry 

Inorganic: Good Surrogates 
Organic: StiU Unknown; Probably bad simulation 
~eters: Very similar, incl. temperature 

(perhaps not swface) 
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OH · H + 
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"Spurs" 

5ooo A 
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+ e- (+dE') 

therm. 
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aq 

H+ 
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Table C-1. Conversion table for radiation sources in tank 101-SY (from J.Lfi• to~~~-

Top Samslc 
Slurry upcmatc 

Middle Sample 
Slurry Supernate 

Transuranics 
241Am ~ < 16.5 <4.51 <15.1 <5.87 

1 
krad 
min 

< 3.3 X 10·6 <0.9 X 10·6 <3.0 X J0·6 <1.2 X J0·6 

239pu J.LCi 8.65 8.30 16.7 22.9 
1 

.. kra<:r 
min 

1.61 X lQ-6 1.55 X J0 6 3.11 X J0-6 4.26 X 10 6 

235U J.LCt 
I 

< 4.0 X J0-3 <4.0 X J0-6 

-kraa-· --..... - ..... ·---
<6.6 X 10·10 --

nun 

Total a.b kr~ 4.91 X I0-6 I 
min 

2.45 X 10·6 6.11 X lQ-6 5.46 X 10·6 

P&y 
137Cs ~ 

1 
2.88x 105 3.08 X 1Q5 6.95 X 105 7.24 X 105 

krad 0.87 X J0-2 
min 

0.92 X 10 2 2.09 X 10·2 2.18 X J0·2 

89/90Sr J.1Ct <6.05 X J03 6.81 X J03 7.20 ~~~-13.24 X 10~-1 
... krad·· --··-·-··----~ ................. ----·-·· 

0.44 X 10·4 0.49 X 10·4 0.52 x 1 o-4 1 0.24 x 1 o -4 
min 

90y J.!Ct 
I 

6.05 X 103 6.81 X J03 7.2 X J03 3.24 X 103 

- kra(r ---.. -. ........... -..---·---···- .. -··--· - --
1.99 X J0-4 2.24 X 10 4 2.35 X 10·4 1.07 X 10·4 

min 
99Tc JlQ Yl.O 

I 

-- 195 --
I 

krad 9.37 X J0·7 -- 2.01 X 10-6 
min 

Total p + yc krad 
min 

0.89 X 10-2 l 0.951 X J0·2 
I 

2.13 X 10·2 ,2.19x102 

l 
R . a. 5.5 X J0·4 2.58 X 10·4 2.88 X J0_-4 I 2.49 X J0 -4 at10 B+Y 

a Values in ~ were taken from Table 1, p. 9 in document 86431-91 -008. 

b Sum of the above a sources. 

c Sum of the above p + y sources. 
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Bottom 
Slurry 

<14.8 

<3.0 X J0-6 

18.9 

3.52 X J0-6 

<7.1 X lQ-3 

11.2 X 10-10 

6.52 X 10-6 

6.66 X 105 

2.01 X 10-2 

1.35 X 104 

0.98 X J0·2 

1.35 X 104 

4.45 X 10-4 

209 

2.1 X J0-6 

2.06 X J0·2 

3.16 X 10·4 
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0.8 -
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I Dose rate Effect on G(H2) from Slurry+EDTA) 

G(H2)=0.046(±0.001) - 3.2(±1.0)x1 0
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x Intensity 
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* ~ + * * I ; ~ 1f * * 
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* * * 
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100-

IG(H2) from Std. Slurry+ EDTA vs Total Dosef 

80-

G( H 2 )= 0.048(±0.003) -1.1 (±0.7)x1 0 · 5 
• Dose 

60- Dose rate 3.5 krad/min 

M 

* ~ 0 
T-

>< ......... 
0 N 

:X: 
P!§ iJ f ~ ;~ -C) 

e5 40-

/-
LB 
0 0 

0 0 
Dose rate 12·21 krad.min 

20-

0-
~~r-----r-~----~~------~------.----~lr-------.----~1 
0 100 200 300 400 500 600 700 

Dose, krad 
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:r:: -C) 
40 

20 
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0 100 

G(H2)=(0.096±0.006) - (4.09±1.3)x1 0 · 5 
* Dose 

G(H2) vs. Dose at 60 °C 
from std. slurry containing 0.3M EDTA 

lrrad. at 3.1 krad/mln 

200 300 
Dose, krad 
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ENHANCED THERMAL GENERATION 
FROM PREIRRADIA TED SAMPLES 

Proposed Plan 

Solution P + EDTA ·~ HEDTA +citrate 

Identify Products 
Identify Precursor 

Anah•sis of 
Organic- Producrs 

Solution P + 
EDT/\ 

I 

Verify efficiency 

Solution P + 
IlEDTA 

Solurion P + 
citrate 

I 
Dose dependence 

Periodic Thermal 
(kneration Check 

Effect of Slurry 
Paricles 

I WHC Slllrry + EDTA + HEDTA + citr:n~ 

Thermal 
Generation \Vilh 

Product 

0.10 



ENHANCED THERMAL GENERATION 
FROM PREIRRADIA TED SAMPLES 

Re1ult• To Date 3/20/92 

--------------
I Solution P + EDT A+ HEDT A + citrate Effect of Slurry 

Particles 

I WIIC Slmry + EDTA + HEDl A+ citrate J 

,, 
(PO C) 

[112]=1.2xl0 6 

[N20J <2xl0 ·5 

After lrrad. 

'it PNL 

< 1% EDTA 
<1 % HEDTA 
>90% Citrate 

remain 
-(G-RH)2: 2.9 

t 
~olutionP+ 

EDT/\ 

t Afte 

Became Yellow (PBI) 
NH3 Odor 
Precipitate 

lH2]=3.9xl0-5 

(N20)=7.2xl0-5 

!' 
NH3 odor (POI) 

..... [H2J=8.3xto·6 , 
[N20]=5.lxl0-4 

_) 

t __ _ t - -
Solution P + [ Solution P + I 

HElHA c itrate 
L...----:-

r Irrad. t After lrrad. t 
- --=------

Became Yellow (PHI) 
NH3 Odor 
Precrpitate 

lHv=39xto·6 

[N20]=3.8xl0 4 

Pale Yellow (PCI) 
NII3 Odor 
No Prec ipitate 

lfHv=5 .8x w-7 

fN20]=8.0xl0-5 

[112) 

Diss. 1. 9x I 0 () 
Slurry l.lxlO 5 <3.lxl<r6 

/ 

...... 

After I rrad. 
Spongy cmst (SOn 
NH3 txlor after stirring only 

·-~>~ Difficult to degas H2 
Impo~siblc to degas N20 

LEGENQ (li2)=7.Rxl0-5 (slurry) 

[N20]=1.7xl(J3 (diss.) Square Comers - Before lrrad. 

Round Comers - After Irrad. 

Initial Rates are in mM/fnin • C..) 

@ &o·c. 

G.ll 
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.... · .. lH2J= (3.9±0.2)x 10 · 
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Solution P + EDTA 
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~ Generation at 60 °C from Preirrad. Slurry 
Std. Slurry+EDTA+HEDTA+Cit. 

after 45 days at 0.5 krad/min 

• Degassed a1 60 °C 
A Degassed at RT • 

A 

• • 

( ) 
• 2 . s l H 2]= 3.6±0.4 "'10 +(7.85±1.95)"' 10 x Time 

!Remains from Preirraf) 

100 200 
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Thermal production(60 °C) of N10 from prirrad. slurries 
following various bubbling procedures 

0.6 

• 0.5 

• • 
lN20]= (0.17±0.03)+(5.4±1.5)x 1 o· 4 * Time 

..... 
0 

""' ~ ~~-INo Bubblingl --3 0.3 
.§ II • 
....... .... 
E 181 
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0 
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Conclusions 

ISSUE 1 - Simulation quality: 

* Very good simulation of the radiation; not so good for the 

chemistry. 

ISSUE 2 - Radiolytic yields from slurries: 

* H2 yields in the slurry significantly lower than from 

homogeneous at RT (because of lower H20 content and 

higher NOx)· 

* Yield significantly increase with temp. (probably because 

increased solubility). 

* Little changes in N20 yields and in observations from 

homogeneous. 

ISSUE 3 · Preirrad., Thermal Generation, Retention etc. 

* Particles retain H2 and N20 very strongly. 

* Slurry particles catalyze H2 production. 

* Preirrad. increases rate of H2 and N20 production. For H2 

EDTA > HEDTA > Citrate. For N20 HEDTA>EDTA>Citrate. 

* Ratio of H2/N20 will depend on preirrad. dose. 

FUTURE: 

* See plan. 
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Mechanistic Elucidation of Chemistry in Tank 101-SY 
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Glycolate 

HEDTA 

Formate Oxalate Carbonate 

+Final word solution-----> HCOO- + c2o4= + 
C02 (C03 ~) 

Final word solution 

NaOH - 2.0 M 
NaAI02 - 1.54 M 

NaN03 - 2.59 M 
NaN02 - 2.24 M 

NazC03 - 0.42 M 

Organics - 0.21 M 

H.3 



Tabla 1 Glycolate 

TIME NITRITE NITRATE OXALATE FORMATE GLYCOLATE 
(hours) (moles) (moles) (moles) (moles) (moles) 

10' 102 10' 10' 101 

0 5.60 6.48 0 0 5. 41 

77 5.50 6.63 <0.5 1. 22 4.78 

197 5.38 6.58 5.89 4.03 3.95 

310 5.35 6.30 4.93 5.22 3.37 

406 5.33 6.55 8.76 5.99 2.93 

514 5.30 6.50 10.5 6. 77 2.66 

672 5.30 6.37 15.2 7.16 1.96 

981 5.05 6.37 22.1 8.25 0.459 

1250 5.03 6.47 26.5 8.85 0.243 

1474 5.00 6.33 27.7 9.23 0.269 

1582 4. 92 6.65 31.1 9.26 0. 111 

H.4 
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Table 2 HEDTA 

TIME NITRITE NITRATE FORMATE HEDTA 
(hours) (moles) (moles) (moles) (moles) 

101 101 101 101 

0 5.60 6.65 0 5.30 

112.5 5.48 6.55 0.48 5.08 

191 5.43 6.57 1. 01 4.84 

303 5.40 6.50 1. 02 4.47 

408.5 5.38 6.74 1. 30 4.03 

500.5 5.33 6.64 1. 89 3.60 

H.ll 



' 
0 ill 

" 0 

;]. 2 

0 
0 

" 
0 

-
~
 

·::J 
" ' 

~
 ' 

~
 

~
 

" 
r-,,, L

. 
~
 

0 
" 

~
 

0 

--' 
0 

c 
" 

5 
•J 

' 
<

.( 
~
 

-
~
 " -

<
t 

w
 
~
 

2 
c 

" 
C

I 
0 

2 
~.J 

~
 

u 
0 

0 
c 

0 
w

 
0 

0 
-

w
 

::J 
>

 
v 

w
 

®
 

2 
<

t 
~
 

0 
~
 

r-
is 

0 
c ~ 

' 
w

 
0 

~
 

c 
0 

0 
0 

' 
'" 

c 
>

 
" 

c::: 
~
 

Q
 

'-'l 
.. 

~
 

.") 
0 0 

" 
•:J 
_

j 
c ' c 

0 
c 

0 
ill 

~
 

7 
0 

" 
" 

~
 

"' 
~
 

~
 

~
 

~
 

" 
0 

0 
0 

D
 

0 
D

 

D
 

0 
0 

D
 

0 
0 

i 0 D
 

'" ' 
_

j")_
IU

 
S

O
lO

W
 

.. D
 

D
 

H
.12 



'" -·~ 

~r----------------------------------------------------------------, 
~ 

~ 
" • 
~ 

I 

LONG TERM HEDTA DEGRADA~ICN STUDY 

0 1 

0 OB 

w ~ 0 ~ 

ro 0 06 
" ~ 
~ 

c 
~ 
w 0 04 

M 
0 
a 

0 02 

0 

0 100 

0 0665 moles n!tr~le 1n1tlally 

moles nitrate vs TIME (n,)urs) 

f111a1 wor-d· concentr·ct 1ons 

0 0 0 

200 JOO 400 

TinE (hours) 

0 

500 600 

25 mL 'final VD!d SOlUtlOO 



" 0 r
l 

" 0 
0 0 

0 

<
 

~
 

" rl 0 

• 0 " 
0 

0 
" 

0 

-
" 

" 
0 

• 
:::J 

" N 
f-cc 
7 

n 
0 

0 

0 
~
 

~
 

0 
c 

0 
0 

0 

<
 

.c .. 
·
~
 

0 
LC

 
c 

" 
<

 
w

 
" 

·• 

" 
c 

0 
IT

 
• 

0 
lJ

 
,_ 

u 
0 

0 
.c 

c 
0 

w
 

M
 

~
 

0 
0 

>
 

u 
w

 

" 
• 

~
 

<
 

" 
D

 
E

-
f-

ro 
L 

0 
E

 
0 

c • 
w

 
0 

0 

I 
" 

0 
0 

" 
" 

~
 

c 
2 

w
 

IT
 

" 
0 

L:J 
E

 
f-I__:; 

() 
0 0 

z 
" 

(] 
_

j 

>
 0 

" 
.)

o
 

r
l 

" 
N

 
"' 

" 
" 

0 
0 

r
l
 

0 
" 

, 
0 

0 
0 

c 
0 

c 
0 

0 
0 

0 
c 

• 0 

a
1

t<
U

1
JO

J 
sa rom

 
0 " 

F
ig

u
r
e
 

a 

H
.l4

 



" 0 , 
0 

-
0 

0 
~
 

" " ' 0 • • " 
0 

0 
" 

0 

r 
w

 
~
 

0 
• 

0 
w

 
N

 

>--U
l 

z 
0 

0 

0 
~
 

w
 

0 
w

 
c 

• 
's 

0 
f--
<

i 
0 

~
 

~
 

ro 
0 

~
 

c 
" 

<
i 

~
 

" 
w

 
c 

" 
[
[
 
~
 

0 
0 

I') 
v 

0 
0 

"' 
0 

w
 
~
 

c 
-

0 
0 

m
 

u 
"' 

>
 

" ~ 
<

i " 
u 

E-
f--

~
 

L 

0 
0 

0 
w

 • 
w

 
I 

0 

I 
0 

m
 

ro 
0 

N
 

ru 
c 

2 
0 

~
 

[
[
 

E
 

w
 

f--

(_J 
0 

0 0 
>

 
z CJ 

e 
_

j 

" <
 

e 0 " 
0 

" 
'" 

~
 

~
 

• 
w

 
~
 

w
 

0 
• 

0 

-
• 

0 
0 

D
 

D
 

D
 

-
0 

D
 

D
 

0 
D

 
D

 
• 

0 
D

 
0 

D
 

- ~
 

V
J.03H

 
sa

 10m
 

D
 

0 

F
iq

u
r
e
 

' 

f-{.15 



I 

~ 

~------------------------------------------------------------------, 
~ 

~ 
" • 
~ .,. 

I 

LONG TERM HEDTA DEGHAOATION STUDY 
moles HEOTA vs TIME (hours) 

'f 1 na I word· concentr-at 10ns 

0 0055 

0 DOS 

----------0 
-------0 

"' D 0015 
E-
p 

"' ~ 
m 0 004 
0 
~ 

D 
s 

-----------0 
'-, _____ _ 

--v __ _ 

----,25---, 
0 0035 

',, 

', 

0 00] -----,_ 
-------, 

' '" '" "' '" 1.000 

TIME (hours) 

00530 ~ol~s REDTA 1n1t1ally 25 mL "flnal Yord" sollltlon 



0: 
~ 

~r----------------------------------------------------------------, 
~ 

~ 
" • 
~ 
0 

LONG TERM HEDTA DEGRADATION STUDY 

(1 5) 

(1 6) 

< (1 7) 
~ 

" '" "' ~ 
c (1 8) 
~ 

(1 <J) 

0 

In [HEOTAJ vs TIME 

f ina I word· concentrations 

0 

0 

0 

0 

(2) L_ ____ "----"~--------~~--~--~~----"---~~--------~~------~ 
0 500 600 100 zoo 300 <00 

TI11E (hours) 

00530 moles HEDTA 1n1t1ally 25 mL "final 'i'ord" salutton 



Tab1e 3 orqanic components 

ORGANIC COMPONENT GAS EVOLUTION 
·'· • (mL{hour)• 

iminodiacetic acid<tl 0.20 

symmetrical ethylenediaminediacetic acidm 0.23. 

glycine o .1a· 

sarcos ineOl 0.17 

N-methyliminodiacetic acict<o.J 0.14 

nitrilotriacetic acict<SJ 0(7) 

unsymmetrical ethylenediaminediacet:ic acid<6) om 
glycolate 0.34 

HEDTA 0.39 

(I) IDA • exper i:m.ent still in progress 
m S-EDDA 
0) N-methylglycine 
(4) NMIDA 

'" NTA 
(~ U-EDDA 
(7) Experiment run for 357.5 hours 

"' Experiment run for 403 hours 

!I p.; 
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PROPOSED MECHANISM OF THERMAL 
DEGRADATION OF GLYCOLATE 

1) A1(0H); + NO; +" A1(0H),-0-N =O- + OR" 

2) AI(OH),-0-N =0 + HO-CH,-CO, +" AI(OH); + O=N-0-CH,-CO; 

3) O=N-0-CH,-CO; - NO- + O=CH, + C02 

4) O=N-0-CH,-CO,- +OR- - NO- + H-(CO)-CO; + H,O 

5) 2NO· +" N,O;' 

6) N,O;' + H,O +" HN,O, + OR-

7) HN,O, - N20 + OR 

8) N,O + AI(OH),-0-N =O- - N, + AI(OH):;-0-NO, 

9) N,O + NO; - N, + NO; 

10) CH, =0 + OH- +" HO-CH,-o-

11) HO-CH,-o- + OH· +" 0-CH,-o- + H,O 

12) 0-CH,-0 + H,O ~ H, + H-Coo- + OR 

13) H-(CO)-CO, + OH +" 0-CH(OH)-CO, +" ("0)2-CH-CO; 

14) (0),-CH-CO; + H,O ~ H, + -o,C-CO, + OH-

H.16 



t-Bu-ONO • HO-CH2-COOCHJ~==~ t-Bu-OH • ONO-CHZ-COOCH3 

Figure 17 

NaOH -
N

2
0 + H2 + C0 2 + HCOO + 00::-COJ ONO-CH

2
-COOCH 

3 

Fiqure 18 

H.27 



Decomposition of C-13 Labeled HEDTA 

Objective: 

To determine thermal fragmentation products. 

Svnthesis of labeled compounds: 

Alkylation of labeled H2NCH2CH 2NH13CH2
13CH20H (from 1,2-

diaminoethane and labeled ethylene oxide) with BrCH2C02H. 

Alkylation of H2NCH 2CH2NHCH2CH 20H with Br13CH2
13C02H. 

Experiment: 

Heat simulated waste mixtures prepared with labeled HEDTA's and 
monitor 13C NMR spectra. Intensities measured relative to external 
benzene-d6 . 

Observations: 

Labeled formate and C02 (as carbonate) and oxalate were 
detectable from both labeled forms after a few days. 

Labeled glycine was detectable after 34.5 days from the 
hydroxyethyl labeled form; its concentration continued to increase. 

At 60.5 days unlabeled glycine was also detectable. The ratio 
of unlabeled glycine to labeled glycine was estimated to be 
6:1 at this time. 

One quarter to one half of the HEDTA remained after 60.5 
days (esti.mated from ion chromatography and NMR, 
respectively) 

A doublet consistent with the presence of labeled IDA was after 
about six days in the carboxymethyl labeled form. 

H.2g 



Thermal Decomposition Products from 
C-13 Labeled HEDTA 

Formate, Carbon Dioxide 
oxalate 
IDA 

Formate, Carbon Dioxide 
Oxalate 
Glycine 

*denotes C-13 enrichment; NMR detection of products 

Formate HCOO-

Carbon Dioxide 

Oxalate 

IDA 

Glycine 

H.29 
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CARBON-13 CHEMICAL SUIFTS (ppm) IN FlNAL WORD SOLUTION WITH C.D1 AS AN EXTERNAL STANDARD 

' 

EDTA 51.95 59.13 59.26 180.81 

HEDTA 51.47 51.09 56.75 58.45 59.ll 59.39 180.71 180.99 

"ED3A 45.71 52.50 54.99 59.92 180.61 180.99 

NTA 59.16 59.37 59.59 180.48 

IDA 51.19 180.61 

's-EDDA 47.63 51.43 180.61 

u-EDDA 37,81 58.20 59.74 59.77 59.92 180.50 180.60 

"1\'-MI 41.31 45.63 52.51 56.26 56.31 61.89 179.56 180.56 
s-EDDA 

':S-MI 41.60 52.65 54.43 59.88 61.15 180.53 180.80 
ED3A 

HID A 57.43 57.49 57.54 57.61 58.34 59.89 180.6-t 

"DMG ..... 44.73 63.31 179.48 

'GLY 45.05 182.68 

GLY. ACID 61.86 1&3.07 

I ':'\-MI 34.8J 54.29 180.6.5 
I GLY 

I 
·:--,·.1\f.E 41.86 61.79 180.23 
IDA 

I ED 43.49 

I 
N-1\1£ 34.90 39.93 53.03 
EO 

I liED 40.28 50.79 50.96 60.23 

I 'EDMA 40.06 50.73 52.30 180.56 

I ':\-ME 34.99 40.18 44.34 53.03 175.50 

I u-EDDA 

'Ch.emica.liliilts for t.bese compouud.s are measured witb respect to sodium carbonate or the fwal word solution: cbemicalshirt of sod 
carbonate in final word solution ls obtained with C1D1 as an external staDdard 

Table I 



EDTA - Ethylenediaminetetraacetic acid 
HEDTA - N-(hydroxyethyl)ethylenediamine-N .N' -triacetic acid 
EDJA - Ethylenediaminetriacetic actd 
NT A - Nitrilotriacetic actd 
IDA - lminodiacetic acid 
s-EDDA - Ethylenediamtne-N.N'-diacetic actd 
u-EDDA - Ethylenediamme-N.N-diacetic actd 
N-ME s-EDDA - N-(methyl)ethylenediamine-N.N'-diaceuc ac1d 
N-ME ED3A - N-(methyl)ethylenediaminetriacetic acid 
HIDA - N-(hydroxyethyl)iminodiacetic acid 
DMG - N,N-(dimethyl)glycine 
GL Y - Glyctne 
GL Y ACID - Glycolic actd 
N-ME GL Y - N-(methyl)glyctne 
N-ME IDA - N-tmethyl)immodiaceuc acid 
ED - Ethvlene(ilamme 
N-ME ED - N-(methyl)ethylenediamine 
HED - N-(hydroxyethyl)ethylenedtamme 
EDMA - Ethylenediamtne-N-monoacetic actd 
N-ME u-EDDA - N-(methyl)ethylenediamine-N,N-diaceuc actd 

H.17 



Thermal Decomposition of ED3A-ED3A Lactam 

QQjective: 

To examine products derived from thermal decomposition of ED3A and its 
rate of decomposition relative to HEDT A. 

Experiment: 

Simulated tank mixture including ED3A-Iactam heated at 120 °C. 

Observations: 

After 18 days the evolution of hydrogen appeared to have ceased. 

NMR (C-13) indicated that no ED3A-Iactam (or ED3A) remained. 

Formate, glycine and oxalate were identified as products. 

From !C analysis 0.33 equiv. of formate and 0.2 equiv. of oxalate were 

present in the solution. 

H._k; 



Decomposition of C-13 Labeled Glycolate 
H013CH213C02. 

Objective: 

To determine products derived from glycolate in situ. 

Experiment: 

Heat simulated waste mixture prepared with labeled acid and monitor 
13C NMR spectrum. Intensities measured relative to external benzene· 
d •. 

Observations: 

Evidence for complexation of glycolate by aluminum; necessity of 
aluminum for decomposition not yet determined. 

Formate, oxalate and carbonate are observed as products. 

Disappearance of glycolate is first order. 

H3Y 
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Origin of Nitrous Oxide and Ammonia In Thermal 
Decompositions of HEDT A and Derived Organics 

Experiment: 

Simulated tank mixtures prepared with 1) 99% labeled "No,· and 
"No; 21 99% "No,·. and 31 99% 16N03· heated at 120° 

Experiment 1) was performed under air and under helium; 2) and 3) 
under helium only 

Headspace gases analyzed by mass spectroscopy 

Dissolved gases passed through (CH 3 ) 2 CHC(0)CI to trap NH 3 as the 
imide 

Conclusions: 

Fully labeled N2 and N20 constitute the majority of the nitrogen 
containing products that are detectable by mass spectrometry in all 
reactions involving "No,·. 

No label is incorporated in N2 or N20 when only "N0 3 · is used. 

Peaks at m/e 45 and 29 are present in the mass spectra of gases 
under all conditions; these are consistent with 16N 14NO or 14N 16NO, 
and 14N 16N. However, the relative intensities of the m/e 45 and 29 
peaks and their intensities relative to the peaks from the fully 
labeled gases are not the same under all conditions which raises 
doubts as to their assignment. 

No 16N incorporation into the imide was detectable under air. No 
imide was detected from the experiment done under helium. 

H.-+2 
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FORMALDEHYDE 

-STOICHIOMETRY OF THE REACTION. 
The ratio H2:HCOO· is approximately 1:1 for the hydrogen-producing reaction. 

This indicates that the hydrogen molecule does not originate from fonnaldebyde 
only (for the ratio should be 0.5:1), but that water provides at /eaft half of the 
hydrogen atoms necessary to produce H2• 

-ORDER IN FORMALDEHYDE AT DIFFERENT TEMPERATURES. 
The order in fonnaldehyde is approximately 1 at r.t. and 90•c, indicating that 
one formaldehyde molecule is involved in the rate-.detennining step. 

-RATE OF HYDROGEN EVOLUTION (CH20 vs. CD20). 
An important isotopic effect ( > 4) was observed, clearly indicating that the 
hydrogen-carbon bond is involved in the detennining step of the reaction. 

-YIELD OF HYDROGEN AT DIFFERENT CONCENTRATIONS OF CH20. 

The hydrogen yield increases as the formaldehyde concentration decreases, 
both at r.t. and 60•c, indicating that the hydrogen-producing reaction is 
uoimolecular respect to fonnaldehyde, and competes favorably at low [CHzO] 

with the Cannizzaro (bimolecular) mechanism. 

- EFFECT OF BASE CONCENTRATION ON THE HYDROGEN YIELD. 
As the concentration of base increases, the hydrogen yield increases. This 
is due to the fact that when [OH·] increases, the concentration of free aldehyde ~ 
(which is necessary for the Cannizzaro reaction) decreases, thus allowing the 
hydrogen-producing reaction to predominate. 

- REACTION IN THE PRESENCE OF p-HYDROQUINONE. 
The rate or hydrogen evolution decreases in the presence of p-hydroquinone, 
indicating the presence or radical intennediates. 

-EFFECT OF CUPRIC ION. 
Trace amounts of cupric ion accelerate the hydrogen evolution, indicating that 
an electron transfer step could be involved. 

- REACTION IN THE PRESENCE OF HYDROGEN PEROXIDE. 
In the presence of hydrogen peroxide, the hydrogen evolution is much faster, and 
the hydrogen yield is 100% based on tbe amount of hydrogen peroxide added. 
Several mechanisms have been proposed in the literature in order to explain 
these results. 

H.47 



- HYDROGEN YIELDS FROM ALDEHYDES IN 11IE PRESENCE OF BASE. 
All investigated aldehydes without alfa hydrogens produced a significant 
amount of hydrogen in the presence of base, while propanaldehyde (which has 
two alfa bydrogem) produced only trace amounts of hydrogen. 

- PROPOSED MECHANISM. 
Polar or electron transfer mechanisms could be involved. The second one could 
be either an initial electron transfer from the Cannizzaro intermediate to water 
followed by a hydrogen atom abstraction, or a chain reaction initiated by small 
amounts of hydrogen atoms produced by the thermally induced decomposition of 
fonnaldehyde. 

- DEUTERIUM TRACER EXPERIMENTS. 
Though initially the deuterium labelling seemed to be an easy way to determine 
the mechanism of this reaction, its usefulness was seriously compromised because 
of an exchange reaction between hydrogen an deuterium oxide. At 90°C D2 was 

the major gas observed when the reaction was carried out in the presence or 
DzOIOD-. Though liz was intitially the most important gas observed at r.t., this 

result could not be reproduced, and liD and Dz where observed as the major 

products in later experiments. All these results can be explained taking into 
account the Hz!DzO exchange, which produces III> and Dz. 



REACTION OF FORMALDEHYDE IN TilE PRESENCE OF BASE 
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rt 
90'C 

STOICIDOMETRY OF THE REACTION 

[CH,OJ. [NaOH] 

4.10-" 19 
2.10"' 17 

%H, 

102.4 
41.1 

%HCOo· %CH,OH 

97.0 
71.3 27.0 

%HCOO·- %CII,OII = 71.3 - 27.0 = 44.3" 41.1 = %112 

H.SO 



Table. Order ill Formaldebyde 11 Diffetelll Temper1111"'" 

[NaOH)1M [CH,0]1M T:c order' 

18 0.02 to 1 28 ± 1 1.09 

7 0.02 to 0.1 90 ± 1 0.91 

• calculaled by meuuriDc lbo iDiDal .- of H, evolution 11 diffeleut [CH,O], and thea taldDg 
tbe slope from lbo plot In (inilial121e) vs. ln([CH,O)]. 
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RATE OF HYDROGEN EVOLUTION: CH(2)0 vs. 
CD(2)0 ([NaOH]=15 M, [formald]=O.OS M) 

5.---------------------------·------------------~ 

4.5 

4 

3.5~ CJ 

c 3 
~ 

8' 
~ 2.5 
"' * 2 

1.5 CJ + 

1 

0.5. 
+ 

0 
0 20 40 

CJ CJ 

+ 

I Room Temperature 

60 80 100 120 140 '~~ 
IOU 

time, hs. 

I 0 CH(2)0 + C0(2)0 
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Yield of Hydrogen at Different Concentrations of Formaldehyde. 

[CH,O) 2.10·' 

%H1' 1.4 

"-H' .. ' 6.5 

'T = 60'C, [NaOH) = II M. 
'T = r.t., [NaOH) = 19M. 

2.10·' 

8.2 

30.8 

2.10"' 4.1<t< 4.10"' 

34.5 61.1 103.8 

75.7 102.4 99.0 

Effect of Base Concentration on !he Hydrogen Yield. 

T, 'C [CH,O], M [NaOH], M I %H, 

60 0.2 3 I 0.1 

60 0.2 15 'I 14.2 

H.53 



REACTION OF FORMALDEHYDE WITH BASE 
IN THE PRESENCE OF p-HYOROQUINONE 

50.---------------------------~---------, 
I 

:j 
35~ 

"E I 

if 301 
-'- ' t I 
c 251 
1l, I 

e 201 " . > ' .c ' 
151 

101 
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Cl 
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Cl 

• 
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Cl ... 

• 
Cl 

• • 
Cl 

Cl 
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Cl ... 

0+-------------~----~------~------------~. 
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tlrne, mm 

I • ,...,,NIIIdiiM'W Cl IOhiillld.:.,.......a•10:1 A, fCIII"IftUI.:p-ti0•3:1 
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REACTION OF FORMAI.D8-!YDE WITH BASE. 
EFFECT OF CUPRIC ION ON GAS EVOLUTION. 

35 
+ 

' 
+ 

301 + 

+ 

25 0 

+ 0 + 
- 20 0 E + 
• ... 

0 • 
" 15 ... 

0 ... 0 
0 

10 0 

I 0 

st 
0 . . 

0 5 10 15 20 25 30 35 40 45 
rmo("*'l 

I 0 Normll + CUpnc Kin 

CuCI, ~ 2 CH,O + 4NaOH - Cu + H, + 2 HCOONa + 2H,O + 2 NaCI 
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REACTION IN Tlffi PRESENCE OF HYDROGEN PEROXIDE 

[NaOifl [CH,O] [II,OJ 

2 0.10 0.11 

2 0.20 0.01 

'Y'oeN__..,_,......,, •. 
'R.-b ... .JG ~ ol rucdoL 

a· 
I 

n,c .,. Hl02 

I 
aH 

a· 
I 

OH• + n,c 
I 

%HCoo· %CH30H .. 0 

21' trac=~ 

a· 
I 

H,C .. OH" + OH' 

I 
aH 

a· 
I 

n,c +-OH-

I 
aH aH 

%H! • 

99.5 

21.4" 

Wlrtz, K; BonhoefTer, K. F.; Z. PhyiJilc Ch<m., 328, 108-1ll (1936). 
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Hydrogen yields from aldehydes 
in the presence of base. • 

aldehyde %H, 

benzaldehyde 16.9 

glyoxalate 29.0 

pivalaldehyde 30.1 

formaldehyde 41.1 

propanaldehyde 1.6 

'r - M•c. [NaOHJ • 17M, (RCIIOI • 0.017 M 
i.aallc.ue.. 

PhCHO CHO..COONa (CH3)3CCHO CH3CH1CHO 

benzaldehyde glyoxalate pivalaldehyde propanaldehyde 

H.S7 



DEUfERIUM TRACER EXPERIMENTS 

Q" oo· 
m;:u + o,o 

o· 

II, 
Dll 
D, 

9o•c: D, > > 110,112 

rt : (112 > > IID,D2) 

IID,D,> >H2 
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PROPOSED MECHANISM FOR HYDROGEN GENERATION FROM 
FORMALDEHYDE IN TilE PRESENCE OF BASE 

Polar 

0 

" IICII + on-
o-
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IICH 
I 
on 

on-
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o-
' nCH 
I o-

nco- + n2 + on-

Electron Transfer 
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o­
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+ 11011 -~~~~-JI· 

o-

0 

" on-- nco-
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o-
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II· + IICII 
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·CII + H20 
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0 
II 

IICII + on- -

SUMMARY 

o­
' IICII 
' OH 

on- o-
' IICJI 
' o-

Ilgl~ 
/ 

0 
u~o- + cn3on 

o-
' IICII 
' o-

MECHANISM: 

STUDIES: 

0 
II nco- + n2 + on-

Polar 
Free Radical 

Isotopic Labeling 
Concentration of base 
Concentration of formaldehyde 
Kinetics 
Stoichiometry 
Radical Traps 
Effect of Transition Metal Ions 
Effect of Hydrogen Peroxide 
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MODEL SYSfEMS 

- MODEL SYSTEMS. 
The model systems are simplified versions of EDTA and HEDTA. These systems 
are much simpler than EDTA and HEDT A and should allow one to determine 
the reactions of the -CH2CH20H and -CHzCOOH groups without being affected 

by the others groups found in EDTA and HEDTA which complicate the 
mechanistic interpretation of the results. 

N,N-DIETHYLETIIANOLAMINE IN FlNAL WORD SOLUTION-

- GAS EVOLUTION MEASUREMENTS. 
Gas absorption is observed until approximately 400 bs. After that period, the gas 
evolution starts. 

- OXYGEN ABSORYfiON. 
Oxygen is absorbed by the solution and only 20% of the original amount of 
oxygen present is left after 300 hs. Though the oxygen evolution could not be 
followed after that time, an extrapolation predicts that aU the oxygen should 
be consumed at approximately 400 hs. 

-HYDROGEN, NITROUS OXIDE, AND METIIANE PRODUCTION. 
Hydrogen, nitrous oxide, and methane are observed as gaseous products. Though 
hydrogen is initially produced at a raster rate than nitrous oxide, its production 
slows down at approximately 300 hs. while nitrous oxide doesn•t diminish its 
production rate even after 1000 hs. 

-FORMATE AND ACETATE PRODUCTION. 
Fonnate and acetate are the most important products observed by IH-NMR. A 
small amount of Connate is observed since the beginning of the reaction due to 
impurities present in the final word solution (presumably due to carbonate). 

N,N-DIMETIIYLGLYCINE. 

-HYDROGEN EVOLUTION. 
Hydrogen is the most important gas observed in this reaction. Nitrous oxide and 
methane are produced only in trace amounts(< 0.1%). 

- PRODUCT YIELDS AT 956 hrs. 
The quantities of starting material and oxygen consumed, and hydrogen and 

HOI 



MODEL SYSTEMS 

-ooccn2 cn2coo-
' / 

NCII2CH2N 
/ ' 

-ooccH2 cn2coo-
' / NCH2CH2N 
/ ' -OOCCH2 CH2COO- -ooccn2 CH2CH20H 

EDTA HEDTA 

R 0 
' II NCH2CO-

R' 

R 
' NCH2CH2NCH2CH20H 

R' 

(R == alkyl) 
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N,N-DIETHYLETHANOLAMINE IN FINAL WORD SOLUTION 

20-,--
Gas Evolution Measurements 
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N,N-DIETHYLETHANOL AMINE IN FINAL WORD SOLUTION 
16•,-----------------------

+ 
14 

0 %hydrogen + % nitrous oxide * %methane 
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N,N-DIETHYLETHANOLAMINE IN FINAL WORD SOLUTION 

16 

14 D D 

12 
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~ 10 
~ + - D 

" 8 + ::J 
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ll. D 
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D 
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D + :t + + - • • • • (C~;CH-H;CH;~n I 
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N,N-DIMETHYLGLYCINE IN FINAL WORD SOLUTION 
16·-r----- -----~_:__:__::_ 

D 

14 

DMG-1 



N,N-DIMETHYLGLYCINE IN FINAL WORD SOLUTION 

% (956 hs) 86.6 16.3 

H.69 

02 (absorbed) 
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RELATIVE INTENSITIES N1:Ar IN DIFFERENT SAMPLES~ 

SAMPLE N2:Ar in sample N2:Ar in background 

N20:H2=1: 1 36:1 67:1 

N2o:H2=1: 5 18: 1 67:1 

N20:H1=1:10 18:1 67:1 

HEDTA/air 42:1 67:1 

DIMETHYLGLYCINEjair 8:1 63: 1 

GLYCOLATE/air 32:1 67:1 

Mass spectral analyses of N20 and H2 mixtures 

N 20:H2 Relative intensities Response factor 
N20: H2 

1:1 23.8:1 23.8 

1:5 4.00:1 20.0 

1:10 2.10:1 21.0 

f 1.70 



Search for Complex Formation between AI(III) and No,-

An attempt was made to find direct evidence for a complex between AI(III) and 

nitrite ion, utilizing UV spectrophotometry in the region in which NO; absorbs. 

Nitrite has an absorption maximum at 354 nm, and concentration conditions were 

chosen for measurements at this maximum. 

In sample solution, the concentration of nitrite was kept constant(0.03M) and the 

concentration of aluminate changed from 0; 0.03; 0.1; 0.5 to 0.96M. 

The spectra of the five solutions were identical within experimental error for wave­

length between 320 and 400 nm. there were slightly differences in the region 255 -

320 nm, where absorption by blank solution is significant. 

Thus, no direct evidence for complex formation was found in these experiments. 

H.71 



IC Analysis of Solid from Thermal Reactions 

Analysis of the insoluble solid formed in a thermal reaction was done 

as part of the measurements to obtain mass balance in the reaction. The 

amounts of substances in the solid make only a small contribution to the 

overall mass balance, but the composition of the solid could be of importance 

in determining the behavior of the system. 

When glycolate is the organic component in the thermal reaction, the 

insoluble solid generally contains a high percentage of oxalate. The unusual 

behavior in the Gly-300 run (with short reaction time) might be accounted 

for if the concentration of oxalate in solution had not yet become great 

enough to form solid. 

Formulas are given for two compounds, reported in the liter~ture as 

formed in basic solutions containing Al(III) and c2o4
2-. Our conditions are 

much more concentrated in tlaOH and in Al(III) than the literature conditions, 

however. Analyses for Al and Na, and use of powder diffraction should help 

characterize these solids. 

When other compounds are the organic components. the percentage of 

oxalate in the solid is zero or very low. Oxalate was found in the liquid 

phase of some of these runs, but the amount was always low. 

ll 72 



IC Analysis of Solid from Thennal Reactions 

Kinetic Run Weight Oxalate Nitrate 
(grams) (%) (%) 

B - 26 Gly/ Air 726.5 hours 0.496 54 trace 

B - 11 Gly/He/Cr 1540 hours 2.6 34 5 

B- 4 G1y/Air/Cr 1434 hours 0.54 1 2 

A - 126 G1y/ Air 1060 hours 0.88 52 4 

G1y- 300 Gly/Air 310 hours 0.051 0 14 

G1y- 400 G1y/Air 406 hours 0.083 39 4 

Gly - 500 Gly/ Air 514 hours 0.081 42 6 

G1y- 600 Gly/Air 672 hours 0.17 42 5 

G1y - 800 Gly/ Air 981 hours 0.36 27 8 

G1y- 900 G1y/Air 1250 hours 0.43 30 4 

G1y -1000 Gly/Air 1474 hours 0.50 30 6 

Two known aluminum oxalate compounds are shown as following: 

A1,(0H)7(C20 4) 3H20 c,o.'· : 25.7% 

NaA1(0H)2(C20 4)·3H20 

J--1.73 



IC analysis of Solid from Thermal Reactions 

Kinetic Run Weight Oxalate Nitrate 
(grams) (%) (%) 

A- 50 HEDTA/Air 1770 hours 0.86 2 26 

A - 55 HEDT A/He 540 hours 0.24 0 10 

B- 19 U-EDDA/Air 403 hours 0.104 0 8 

B- 33 U-EDDA/Air 203 hours 0.446 0 5 

B- 60 IDA/He 281 hours 0.171 0 8 

B - 95 DMG/ Air 304 hours 0.102 0 10 

B- 73 NT A/Air 357.5 hours 0.091 0 9 

B - 77 Sarcosine/ Air 908 hours 0.935 0 14 

B - 69 IDA/ Air 1139 hours 0.33 1 10 

B - 85 MIDA/ Air 1060 hours 1.24 1.2 7 

H- I HEDTA/Air 200 hours 0.11 0 11 

H- 3 HEDTA/Air 300 hours 0.05 0 13 

H- 4 HEDTA/Air 400 hours 0.10 0 9 

H- 5 HEDTA/Air 500 hours 0.15 0 8 

H.N 



Quantitative analyses for EDTA and HEDTA have been accomplished with 

the use of Dionex AS5 and ASlO columns. 

or HEDTA 
Before analysis a CuC1 2 or NiC1 2 
solution, with the metal cation and solution was added to the EOTA 

EDTA4- (or HEDTA3-) in a 1.2:1 ratio, based on the initial starting 

of the solution was adjusted to about 11. concentration. The pH 

material 

Two chromatograms are shown. 

H.~ 



A-55 HEDTA/He (ASlO column) 

Cl" 

(HEDTANiJ· 

-~ ~ r--
"' ...... 
"' "' Hco; ..;. ·~ .... u 

N.o 

"' ~1;n· 
"' 

I -1 I 

8_ 45 EDTA/Air (ASS column) 

"' ., .. 
u% 

"' 
"' 

( EDTACu)l· 

.. 
"' 

Cl" 

"' " .. 

"' "' 
" 

" "' 

No; 

I 

.. .. 

H.76 

NO, 

" N 

~ 
N 

I 

N03- .. 
"' 

I 

"' " 
" N 

"' 
"' "' 



Appendix I 

Hanford Site Experimental Investigations of Ultrasonic 
Properties of DST Waste Simulant 
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J. B. (James) Colson 
Pacific Northwest laboratory 

March 27, 1992 

Contributors: B. P. Hildebrand and C. L. Shepard, PNL 
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OUTLINE 
• Experimental measurements of acoustic 

properties 

• 

- Effects of voids on attenuation 
- Variation of attenuation with temperature 
- Variation of attenuation with pressure 
- Effects of dilution on attenuation 
- Measurements of acoustic velocity 
- Pressure effects on acoustic coupling 

Progress on liquid waveguide concept 
- Design 
- Performance 

• Summary 

Pacific Northwest 
Laboratory 
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ACOUSTIC ATTENUATION II'J DST WASTE SllviULANT 

10 

........ 
(/) 

..... z 
:J 
a:i a: 
~ 
UJ 
0 1 ::J Ci 
..... 
:J 
0... 
~ 

30kHz 20kHz 

<( 

_J 
<{ 
z 
(!) 

i7i 

.1 
0 2 4 6 8 10 

HYDROPHONE POSITION (mm) 

Attenuation exceeds 1 000 dB/m for frequencies in the range from 1 0- to 30-
I<Hz. 

Pacific Northwest 
Laboratory 
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Acoustic Attenuation at Various Frequencies 

• Attenuation increases with decreasing void 
fraction 

• Attenuation is probably not due to bubbles within 
the simulant 

Simulant 
Condition 

As Is 

Void Fraction 
0.13% 

Void Fraction 
0.07% 

Frequency 
(I< Hz) 

10 
20 
30 

10 
20 
30 

10 
20 
30 

Attenuation 
(Np/cm} 

1.3 
2.6 
5.5 

3.2 
4.9 
4.9 

4.6 
6.2 

Attenuation 
(dB/m} 

1100 
2200 
4800 

2780 
4300 
4300 

4000 
5400 

Pacific Northwest 
Laboratory 
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o -- 2 0 ~-.H: data 
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'<7 
, .. 
~ ,_ 

·.) 

0 

oL. 
0 20 

\! 
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40 
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0 ~ 
0 

\! e 

TEtvlPERA TURE (CELCIUS) 
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Attenuation is constant and high until a transition t emperature is reached. 
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SIMULANT SLURRY ATTENUATION AT LOW TEMPERATURE. AND TWO PRE.SSURE.S 

100 

I 
ALL DATA AT 10kHz 

0 - T = 23 C . P = 2 A TM 
I 

--- I ........_ D - T = 34 C . P ~ 1 A TM 
(/) 

1- 10 .. 
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=> 
(1) l ~ 2400 dB/m a: 

- <( 
i.o 

..._., 
~ _j 

<( "Z z 
<.9 1 

~ (j) 

~ 
1800 dB/m 

1 ~----------------------------------------~ 
0 .5 1.0 1.5 2 .0 

HYDROPHONE POSITION (em) 
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SUMMARY 

• Acoustic Attenuation 

-Very high 

- Increases with frequency 

- Not due to void fraction 

- Decreases with pressure 

- Not strongly temperature dependent 

- Low near radiator for unmixed slurry 

- Decreases with dilution 

Pacific Northwest 
laboratory 
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SUMMARY (continued) 

• Acoustic Velocity 

- Increases with temperature 
- Increases with pressure 

• Acoustic Coupling 

- Increases with pressure 
- No significant effect below about 

1.5 ATM absolute 
- Temperature dependent 

Pacific Northwest 
Laboratory 



Appendix J 

Mitigation of Bubble Nucleation in High-Level Waste Tank 101-Sy 
with Application of Ultrasound 



Mitigation of Bubble Nucleation 
in High-Level Waste Tank 101 SY 

with Application of Ultrasound 

Presentation, March 27, 1992 
PNL Sciene Panel Meeting 

Denver, CO 

All Information is predeclsiona/ 

Principle Investigator: 
Stephen F. Agnew, Isotope and Structural Chemistry 

Group INC-4, MS C346, (505) 665-1764 

Harold Sullivan, Engineering and Safety Analysis, N-6 

Steve Eisenhawer, Engineering and Safety Analysis, N-6 

Dipen N. Sinha, Electronics Research 
Group MEE-11, MS 0429, (505) 667-0062 

Bill Ward, Advanced Engineering Technology 
Group MEE-13, MS J576, (505) 665-1844 

Los Alamos National Laboratory 
Los Alamos, NM 87545 
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Overview 

1) Update on model and experiment. 

2) Discussion of coupling and attenuation problems. 

3) Functional design criteria. 

4) Next to do ... 

J.2 



Status 

Tank is completed 

Instrumentation in place. 
- heater at 1.8" depth, 500 watts. 
- TC readout as function of depth, per inch. 
- fast time response pressure transducer (0.5 sec). 
- acoustic level monitor (+1 mm). 
- all data to computer station. 
-waveguide/radiator for 20 kHz ultrasound. 
-calibrated hydrophone 
- spectrum anal,zer 

Instrumentation now being installed. 
- higher power transducer (475 watt) 

Tank constituents are: 

. 
total amount est. in supernate spec1es 

NaN03 2.7 M 2.1 M 
NaN02 3.9 M 3.6 M 
NaOH 3.3 M 3.3 M 
NaAI02 2.2 M 2.0 M 
Na2C03 0.53 M 0.15 M 

Na4EDTA 0. 12 M (50 g/L) 0.06? M 
Na3HEDTA 0.13 M (50 g/L) 0.06? M 

total Na 14.0 M 11.7 M 

NH3 due to aluminum reaction 

J.3 
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'o'-ring 
seal 

0.5" flotage 

2" supernatant 

Model HLW Tank 

Stainless steel, 18" dia. 3/8" wall, 
w/ bottom 1 /2" welded plate, 
rim 1 /2" disk, top 1 /2" plate. 

Evacuable and pressurizable to 2000 torr. 

Teflon swage 

20kHz head 

112" s.s. 
waveguide 

view 
port 

-4--------18.0000" ------~ 

J.6 

14.0000" 
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response 
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Pulse attenuation in slightly stirred slurry 

0.651 Np/in = 0.256 Np/cm = 2.22 dB/em 
(1/R corrected) 
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'o'-ring 
seal 

0.5" flotage 

2" supernatant 

2.5" soft slurry 

3.5" heavy slurry 

Teflon swage 

20kHz head 

1/2~ s.s. 
waveguide 

view 
port 

· · · · · degassed slurry · · 
·¥: ........... :: 

•. ~ :i :i :i :i :i :."{ i~ib~r"f~r· 20 kHz 

t.!:::::::::::::::::::::::::::::::====!:::::::::=====:::::::!::::::::::::::~ ~:::::::~ : ~ ~ ~ =~ ~ ~~ • i c;; ·1 o · ~< H ~ JJ 
~-------- 18.0000 "---------4~ 

1.9 bar absolute overpressure (N2) 

45°C in slurry 
20kHz 
1. 6 bar in slurry at horn 
wave velocity in degassed slurry is 2200 m/sec 
wave velocity in pristine slurry is 550 m/sec 
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Problems with Coupling 

- functional design criteria established for transducer, 
coupler, and waveguide (three possible vendors) . 

- but, standard horn only allows 350 watts into slurry 
(7°/o of available). 

-need improved radiator design. 
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Next step ... 

1) Use higher power transducer to agitate slurry in 
model tank more completely. 

2) Find slurry degassing threshold (in mbar). 

3) Use slurry standing waves to determine attenuation 
and sound speed. 

4) Finish radiator. 

J.l9 



Summary 

-ultrasonic attenuation is not straightforward due 
to multitude of non-linear effects in slurry. Ranges 
from 1.0 Np/cm to 0.04 Np/cm at 20kHz (8.69 dB/Np). 

-wave velocity strongly dependent on pressure, 
temperature, and gas bubble distribution. 

-demonstrated slurry agitation with small as 1 
mbar pressure wave. 
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--Draft--Predecisional--

Functional design criteria for ultrasonic mitigation system ... 

The system will consist of a converter and power supply on top of the 
tank, a shrouded waveguide through the riser, air space, and convecting layer, 
with a radiator attached to the end of the waveguide within the non-convecting 
layer. The radiator will be positioned approximately 40" from the bottom of the 
tank, and will be 48" in length. It will attach to the 2" titanium waveguide at the 
waveguide's free surface. 

The wave guide will be shrouded in a 1/8" wall4" diameter s.s. 304 pipe, 
and sealed at the lower end. It must attach to the waveguide at a node point, 
which occur every 5.5" along the waveguide, and 2.25" from the free surface. 
The waveguide must be shrouded to prevent losses in the convecting layer. 
This shroud will be an 1/8" s.s. 304 pipe, sealed at the ends and bolted between 
two segments of the waveguide at a node point that is close the the radiator 
(see Figs. 1 and 2). 

The converter and power supply are manufactured by Sonics and 
Materials, Danbury, CT, (203) 744-4400 and are model VC-3000 (see Figure). 
This power supply is capable of providing 3000 watts continuous energy to the 
converter at 20±0.05 kHz, which will drive a 2" titanium diameter free surface to 
0.8 mil (peak to peak). This corresponds to a peak pressure in the titanium of 
310 bar and an energy density in the titanium of 1740 watts/cm2. A 2" titanium 
waveguide at 31 0 bar peak pressure has an energy density is 17 40 w/cm2, but 
in practice, only a small fraction of that is actually delivered because of 
limitations associated with the transducer and radiator. In particular, a 3.0 kW 
unit will only support an energy transmission of 150 w/cm2. Higher powers are 
possible for short periods of time. 

Sonics and Materials will fabricate the 2" titanium waveguide, which will 
be made in a· segments that will screw together. The waveguide length will 
need to be adjusted on site in a vertical geometry to bring it into tune with the 
converter and power supply. 

The radiator design is not yet complete, but will conform to the general 
dimensions shown in Fig. 2. It will be a thin wall s.s. 304 hollow can (-1/8"), 6" 
in diameter and 48" long. It will be impedance matched to the 2" titanium 
waveguide, to which it will be attached. The bottom plate of the radiator will be 
a thicker plate to dampen the end motion. 

Hydrophones 
Four pairs of hydrophones will be needed in an array around the 

radiator. Each pair will measure the attenuation and sound speed, as well as 
the absolute sound pressure at that point in the slurry. Two pairs will be located 
at 12" from the bottom at right angles, and two pairs at 36" from bottom at right 
angles. Each pair will be in-line, with the near phone at 2", and the second at 4" 

1.22 



from the surface of the radiator. The second phone pair will be at 6" and 8", and 
the bottom four phones will be similarly placed at that height 

Temperature 
Increasing temperature in the layer adjacent to radiator allows the 

radiator to couple more effectively with the slurry, and a heater design that 
allowed the heating of the volume immediately surrounding the radiator would 
be advantageous. This is shown in Fig 3. Ideally, the heated layer would be at 
least one half of a wavelength at 20 kHz, or 2.2". 

Description of Operation 
The ultimate effectiveness of ultrasound to degas the slurry depends 

critically on two phenomena. First, the sonic energy must couple into the slurry 
from the radiator fairly efficiently. The radiator design that we have chosen will 
be strongly coupled to the slurry because of the thickness of the walls, which 
makes the fundamental mode's phase velocity supersonic in the slurry. 

Second, the sonic energy must propagate fairly well in the degassed or 
agitated slurry. When the absorption of the sound waves within the degassed 
slurry adjacent to the radiator reduces the pressure of the wave below the yield 
point of the slurry, no further slurry agitation will occur. This limit will determine 
the total affected volume, and further excitation beyond this limit will only heat 
the already agitated and degassed slurry. 

We know from our tests on the model tank that the initial attenuation of 
set slurry is -0.6 Np/cm at 50°C at 20 kHz, and a sound speed of 550 m/sec at 
1.9 bar absolute pressure. This attenuation is a factor of ten every ln(1 0)/.6 = 
3.8 em or 1.5". The set slurry has a very low threshold for stability, however, and 
acoustic pressure in the range 1-10 mBar is sufficient to disrupt, agitate, and 
degas the slurry. Once agitated, the slurry's sound speed increases to 2200 
m/sec, while its attenuation drops to 0.1 Np/cm or lower. Thus, although the use 
of 20 kHz initially produces a localized effect, the propagation of the ultrasound 
is dependent on the nature of the slurry and its degree of agitation and gas 
content. 

The strength of the slurry has been measured to be on the order of 1,000 
to 4,000 dynes/cm2 (1 -4 mBar) at 50-60°C, with increasing strength attributed to 
increasing depth. When the sound amplitude exceeds the slurry strength, 
however, it breaks it up and allows the bubbles to rise. 

Using the design threshold of 1 bar for the surface of the radiator, the 
effective diameter action for slurry breakup will be 25-50". This assumes that 
the degassed slurry reverts to 0.10-0.05 Np/cm attenuation at 20 kHz, which is 
what we observe in agitated slurry at 50°C. 

If the attenuation in this region should drop any further, the effective 
diameter of the degassed slurry will correspondingly increase. We have seen 
large reductions in the attenuation with increasing temperature, although we do 
not understand this effect very well. There is also a large change in attenuation 

J.23 
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with progressive sonic disruption of the slurry. The surface of degassed slurry 
progresses with sonication more slowly as the cylinder expands and the 
pressure at the surface of the degassed layer is reduced. A 48" long 6" 
diameter radiator that is delivering 3000 watts to the slurry would penetrate to 9" 
in about one day. Degassing progresses at an exponentially decreasing rate 
as a function of distance from the radiator. For example, if it takes 2.4 hours for 
disruption up to the 100 mBar point, it will take 1 day to get to the 10 mBar point, 
and 10 days for the 1 mBar point. 
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4" diameter 
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to shroud waveguide 
in slurry 

power supply 
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220 VAC, 15 Amp, 60 Hz 

'-+-'""""'++-..... - -mounted at node on waveguide 
between sections (first node at 2.25" 
from end, then every 5.5") 

waveguide constructed in -a· segments, 
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.,.__ radiator attached 
to end of waveguide 
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hoi ow shell 
radiator 



2" Ti wave guide 
310 bar (0-peak) inTi 
1.0 bar in slurry 
1750 watts total power in slurry 
3000 watts available 
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Appendix K 

Organic Methods Development and Preliminary Data on Composite Samples 
and Simulated Waste Samples 



ORGANIC METHODS 
DEVELOPMENT AND PRELIMINARY 
DATA ON COMPOSITE SAMPLES 

AND SIMULATED WASTE SAMPLES 

DR. J.A. CAMPBELL 
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OUTLINE 

• COMPOSITE SAMPLES 

PRELIMINARY RESULTS 
DERIVATIZATION GC/MS 
ION CHROMATOGRAPHY 

FURTHER STUDIES 

• ARGONNE SAMPLES 

PRELIMINARY RESULTS 
DERIVATIZATION GC/MS 
ION CHROMATOGRAPHY 

FURTHER STUDIES 

• METHODS DEVELOPMENT STATUS 

• FURTHER METHODS DEVELOPMENT 

K.2 



PREI_IMINARY 
Table 1. List of Samples and Corresponding Segment Locations 

,Sample # 

1073 

1091 

961 

1078 

K.3 

Segments & Location 

Composite of segments 4-8, top of 
convective layer 

Composite of segments 9-14, bottom of 
convective layer 

Composite of segments 14-18, top of 
nonconvective layer 

Composite of segments 19-22, bottom 
of nonconvective layer 



IMPORTANT ITEMS TO 
REMEMBER 

• GC/MS METHOD HAS NOT BEEN VALIDATED 

• STANDARDS NOT AVAILABLE FOR SOME OF 
COMPONENTS, SO CONCENTRATIONS ARE APPROXIMATE 
AND I.D. ARE TENTATIVE 

K.4 
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9 

PRFL.I M I NA.RY 
Table ·;t. Tenatively identified Components from Figure 1. 

Tentative 1.0. 

butanediooic acid. dimethylester 
\ \ c \\ (> () (_ - <( - ( - c... (Q (, c \\ ~ 

--~ r 
methylbutanedioic acid, dimethyl 
ester l r-' \-, 

t \\~(Ill c_.., -- ~J ·- ~- - (((;() c\.~ 

N-(methylethyl)lminocarboxy acid, 
methyl ester C r. \' c ,, k ') 

/ ...J 
(_ \ \) tt\1\,_ 

pentanedioic acid, dimethyl 
ester 1 \ I 

( \ \ ~.: l() ( 1 - (_ - (.. - Ll. . ·- C . (> OC ~ ~ 
_j \ \ 0 

unknown 

hexanoic acid 

I '~) c - ( c l ~ f\ Lt l ~ () l ~ \~ 
hexanedioic acid, dimethyl 
ester 

~ \\1t'-\(_C()OQl ~ ~~ 

N ·(ethylene )iminocarboxyacetic 
acid, dimethyl ester 

--. r- <::: (J{,)C \ \,, 
- \ f\Y -J 

"'- c {JuC., \;\~ 
unknown 

C (\( '4\. ~\.) l '\ L, \ l_, (\ C.\~) 
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PRELIMIN/\RY 
10 N-(nitroso)minodiacetic acid. ClP Nl-.~5 t-t,o dimethyl ester · . {)C t~ 

~\) /-< [) ~ 

( ,-:: (\} - ~- t~\ l.\.\~ 

11 N-{methylimonocarboxy)ethylenediamlne (.1 r'J3 VJ \,\\0 
-N-acetic acid r6> {)C \\, 

l\)) I --).~(- (\} / 
l-1 "( / ,~, 

12 
rf ~ , !\\~('.(,} ~NT unknown ~ \\ C.l.J\ l L· ~ · 

~h \ 
c..l~~~ \-\~ 13 1.2-benzenedicarboxylic acid, dimethyl 

ester (~~'~{)( · l~J 
. '-.o/ ( ~ () (' \\ :') 

1 4 citric acid, trimethyl ester ~ ~ ~'1 L-\"l 
- C~(IC'\ b (J\;\_E ClOAC \~~) 

( tOC>l.\\__1 

G" O~N l\\ 15 N-(2-hydroxyethyl)iminodiacetic ;:~cid 
(HE IDA) _. C()()C \\ 6-'f)/ J 

16 
0 )--

unknown chelator fragment 
l \)) 

1 7 unknown chelator fragment 0} ~N~lP ~\S 18 nitriloacetic acid, trimethyl ester 
\ l 1 0( \\) ·- , v·--C OflC \\.~ ''< _ \ o o r ~~ ~ 

19 unknown ( V\~_ l-. V\ \ ~ (\, b ~~\(· ('(\(/ t\J 1 

20 unknown 

21 unknown 

22 '" ~) 
N-(2-hydroxyethyi) -N'-(methyl) 
ethylenediamine-N-N'-diacetic acid 
or N-(Carobxy)ethylediamine-N-N'-diacetic 
acid 

6'r-J ~,~- (0~(\.\~ 
"-/ c \:\-~ 
/, 

0 
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25 unknown 

N-{methylamine)ethylenediaminetriacetic acid C,..,. 0 ~ ~3 \--\..3 (M/\ED3A) . . \ \"' 
C \\'JOO c--l\J 1- '--r.( - - l lJlJ(. \ ~ 

- I . '\- c roQc \ ~ ., 
(\}\ \~- _) 

octadecanoic acid. methyl ester C, (\ l-\. b ~ CY r. 27 

28 ethylenediaminetetracetic acid, tetramethyl c,"'{ (9q t..l)... ~ "l 
ester ~-:- '{)-y '/\- 1 . 

c \\ o o c..--\(\' I - v - t~ (Jf.l ( t :~) 
( \}U (l l . .. _.! "- -· <.:&{.'( \\2> 

29 N-{2hydroxyethyl)ethylenediaminetrlacetic C.\ '"l f:>nli'J-,_ \-\~ u 
acid ( \ \ ~- ~~Y\ V\. ) J • ' "' 

( t '3 (>u C --- "- ) i - . '-f\J1 - - - c (J>CL~ 
() "L/' \.. _ c ovc ~~~ 

30 unknown 

31 unknown 
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32 uinknown 

33 unknown 

34 1,2-benzenedicarb r hexyl) ester oxy IC acid, bis(2-ethyl 

~ ~ .. \ 'v\o. \'"'' 'e, 

\._ (\,' C.{'} •" ~ v\_.,M~ ~) \J_,,t] _\))\), tl>v .A(A..~ ~_v._tuV> .-1\J\Mjl A ec::D.eVYtb'iJ 
l b ) ---1\Q c ~, \ \ R wv, (t~ "" C\..tA .. tt~~tP --1\f'..l-~ o ( t0~ CJ~""'f'O~ 

35-41 unknown 
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PRELIMINARY 

Table 3. Approximate Concentrations (~g/g) of Major Components in Sample 961 by 
GC/MS 

Component Approximate Concentration (ug/g) 

1 butanedioic acid 

1 0 nitrosoimlnodiacetic acid 

1 4 citric acid 
(CA) 

1 8 nitrilotriacetic acid 
(NTA) 

23 ethylenediaminetriacetic acid 
(ED3A) 

28 ethylenediaminetetracetic acid 
(ED r A) 

29 N-(2hydroxyethyl)ethylenediamine 
triacetic acid (HEDTA) 

80 

700 

45 

185 

115 

237 

25 
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SUMMARY FOR COMPOSITE SAMPLES 

• 5 CHELA TORS AND FRAGMENTS IDENTIFIED AND 
COMPARED WITH STANDARD FOR RETENTION TIMES AND 
MS 

• 10 CHELATOR AND FRAGMENTS THAT NEED HRMS TO 
CONFIRM STRUCTURE 

• APPROXIMATELY 25 COMPONENTS TENTATIVELY I.D. 

• APPROXIMATE CONCENTRATIONS FOR MAJOR 
COMPONENTS 

• CHELATORS AND FRAGMENTS MAKE UP 10-20°/o OF 
TOC 

• CHELATORS AND CHELATOR FRAGMENTS 
CONSTITUTE 65°/o OF ANALYZED, DERIVATIZABLE 
MATERIAL 

• REMAINING TOC BY IC 

K.15 



FUTURE STUDIES ON COMPOSITES 

• QUANTIFY BY GC 

• HAMS ON TENTATIVELY ID COMPONENTS 

• CONTINUE WITH IC 

• DERIVATIZE WITH ANOTHER REAGENT TO ANSWER 
QUESTION OF NITROS~DA 

e 
• APPLY LC METHOD 

K.16 



SIMULATED WASTE SAMPLES FROM DAN MEISEL 
AT ARGONNE NATIONAL LABS 
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PRFI .. I M I ~Jl\RY 

Figure 5. Totnl lon Chromr1\0WF'llll of tho D~rivn\izmi Control Setmple from Meisels 
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Figure 6. Total Jon Chroma.togram of Derivatized, Irradiated Sample from Meisels . 
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PRFJ ... f M J ~.J -A.R~f 

Table 4. Estimates of Concentration (PPM) for Major Components in Samples from 
Meisels by lon Chromatography 

Formate 

Glycolate 

Glyoxalate 

Sample C 
107 

10 

N.D. 

K.21 

.Sample I 
960 

93 

N.D. 
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FUTURE WORK 

• CONTINUE TO RESOLVE TOC BALANCE IN 
COMPOSITES AND SIMULATED WASTES 

• DETERMINE ACCURATE MASS FOR COMPONENTS IN 
COMPOSITE 

• CONTINUE IC DEVELOPMENT 

• CONTINUE PROCUREMENT PROCEDURE FOR HAMS 

• EVALUATE MICROCOLUMN TECHNOLOGIES 

• PUT MECHANISM INTO PLACE FOR TRANSFERRING 
METHODS TO 325 PERSONNEL 
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PRELl M I NARY 
Analysis of Crust,Composite Samples (Window C) from tank 101-SY, and Samples 

from Dan Meisel at Argonne Laboratories by Derivatization GC/MS and Jon 
Chromatography 

J.A. CAMPBELL, K.t-t POOL, AND P.K. MELETHIL 

INTRODUCTION 

Ethylenediaminetetraacetic acid (EDTA) and hydroxyethylenediaminetriacetic 
acid (HEDTA) were added to tank 101-SY and are reportedly the major organic 
components. A knowledge of the organic constituents present in the waste tank 101-
SY is necessary to the understanding of the chemical mechanism(s) responsible for 
the production of hydrogen. 

The object of this task is to develop analy1ical methods to analyze simulated 
and actual waste samples for chelators, chelator fragments, and other organic 
constituents. Liquid chromatography (LC), derivatization gas chromatography/mass 
spectrometry (GC/MS), and liquid chromatography/mass spectrometry (LC/MS) are the 
three techniques we have focused on for the analysis of chelators and chelator 
fragments (1-3). We are also developing other techniques such as ion 
chromatography/mass spectrometry and derivatization gas chromatography/mass 
spectrometry to identify smaller degradation products such as oxalate and glycolate. 
These techniques should be considered complementary. In addition, these techniques 
can be applied to waste samples to identify components other than chelators. As 
these and other techniques are developed, they will be transferred to the personnel in 
the 325 Building to be implemented for routine analysis of various samples. At this 
point in time, the developed techniques have not been validated. As a result, the data 
discussed here should be evaluated accordingly. 

Dan Meisel of Argonne Laboratories sent us several samples for analysis. 
Sample C (control) contained the following constituents: sodium nitrate, sodium nitrite, 
sodium hydroxide, sodium aluminate, sodium citrate, sodium EDTA, and sodium 
HEDTA in water. Sample I (irradiated) contained the same constituents but had been 
irradiated. Meisel found that when he heated irradiated sample, approximately three 
times as much hydrogen was produced as the non-irradiated sample. Samples have 
been analyzed for chelator and chelator fragments. 

We are attempting to gain insight into the mechanism(s) responsible for the 
production of hydrogen in tank 1 01-SY by characterizing both actual waste samples 
and simulated wastes. Our attention has primarily focused on applying the developed 
methods to the analysis of the composite samples provided by Westinghouse. 
Preliminary results of those analyses by derivatization GC/MS are presented here as 

K.27 



PRELIMINARY 
well as the results from initial studies by ion chromatography on both the composite 
samples and simulated waste samples. 

EXPERIMENTAL 

The composite samples from tank 101-SY are fairly radioactive, >300mR. As a 
result, the extractions and derivatizations had to be carried out in the hot cell facilities 
in the 325 building. The aqueous extract is also slightly radioactive; however, we have 
developed derivatization and extraction procedures which remove a portion of the 
organics and leave the radioactivity associated with the solid material. 

Analysis of composite core samples and samples from Dan Meisel by 
derivatization GC/MS. 

Derivatjzation of tank 10 1-SY composite samples. 

Samples designated 961, 1 073, 1 078, and 1091, com posited by 
Westinghouse personnel, were received into the hot cell facilities in building 325. 
Approximately 2 g of solid composite sample was weighed and placed in an 
Erlenmeyer flask with 20 ml of MilliQ water. The solution was stirred for 24 hours and 
then filtered with a 0. 45~tm filter to remove any remaining undissolved solid material. 
The water solution was concentrated to dryness with nitrogen blow down techniques. 
The remaining residue was then derivatized with boron trifluoride/methanol in the 
following manner. Two milliliters of boron trifluoride/methanol solution (Aldrich) was 
added to the residue and heated at 1 00° C for 1 hour in a sealed reactivial. After 
cooling, 1 ml of chloroform was added to the reaction mixture and vortexed. The 
reaction mixture was added to a test tube containing 5 ml of 0.1 M KH2P04 adjusted 
to pH 7.0 with NaOH. After vortexing this mixture, the top layer was removed and the 
bottom layer containing the methyl esters of the chelators was collected. The 
chloroform solution was removed from the hot cell, monitored for radioactivity levels, 
prior to concentration and preparation for subsequent GC/MS analysis. 

lon Chromatography 

A Dionex 4000L ion chromatograph equipped with an Al-450 data 
reduction software package was utilized. An AG4A was used as a guard column and 
an AS4A column was the analytical column. The eluant was a mixture of 1.8 mM 
Na2C03 and 1. 7 mM NaHC03 and distilled water. A gradient elution was employed 
with a flow rate of 1.5 mllmin. 

Derivatization of control and irradiated samples from Dan Meisel. 
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Three milliliters of the control and irradiated samples were placed in 

separate reactivials and lyophilized (freeze-dried) to remove the water. One ml of 
BF3/methanol was added to each vial and the mixtures were heated to 1 00° C for 1 
hour. After cooling, 1 ml of chloroform was added to the mixture and vortexed. This 
mixture was then added to a test tube containing 5 ml of 0.1 M KH2P04 which had 
previously been adjusted to pH 7.0 with NaOH. After vortexing this mixture, the top 
layer was removed and the bottom layer containing the methyl esters of the chelators 
was retained. This chloroform solution was concentrated to 1 ml and analyzed by 
GC/MS. 

lon Chromatography 

A Dionex 4000i system equipped with a HPIC AS5A-5~t column was 
utilized for the ion chromatographic studies of the simulated waste samples from 
Meisel. The eluent was 0. 75 mM NaOH at a flow rate of 1 mUmin. 

GC/MS Conditions. 

A J&W Scientific fused silica DB-5, 30m X 0.25 mm i.d. (0.25~m film 
thickness) column was used in the splitless injection mode. The oven program usually 
consisted of the following: 50° C for 1 min., 50-300° Cat 8° C/min, and then 300° C for 
5 min. The mass spectrometer was a 5988A GC/MS operated in the electron impact 
mode (70 eV), tuned daily with perfluorobutylamine, and scanned from 50-500 amu. 
The injection port was 250° and the mass spectrometry interfaces were also at 250° C. 
The source of the mass spectrometer was at 200° C. 

RESULTS and DISCUSSION 

Table 1 is a list of the composite samples and locations from tank 101-
SY. The discussion will be divided into two areas: (a) analysis of tank 101-SY samples 
and (b) samples from Dan Meisel. 

Tank 1 01 -SY Samples. 

Figure 1 is a total ion chromatogram of the concentrated extract of the 
BF3/methanol derivatized tank 1 01-SY composite sample for qualitative analysis. 
Table 2 is a list of the tentatively identified components and their corresponding 
structures for sample 961. Table 3 is a list of the major components and their 
approximate concentrations (pg/g sample) obtained by GC/MS. The components will 
also be quantified by GC. Standards of many of these compounds are not available; 
as a result, the identifications of many of the components are tentative and the 
concentrations are approximate. 
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The components listed in Table 1 are typical of the chemicals present in 

all four composite samples. However, there are concentration differences between 
composite samples. 

The chelators and chelator fragments make up approximately 65% of the 
derivatizable material in this extract. At most, the derivatizable fraction only accounts 
for approximately 10-20% of the total organic carbon. 

Compound 10 (See Table 2 and Figure 1 )had been identified as MAIDA 
in previous studies (4). However, we were able to measure the accurate mass 
(elemental composition) of this particular component by high resolution mass 
spectrometry. Since we do not have this capability at PNL, the cold sample was sent 
to Montana State University and the results were obtained in one month. If a high 
resolution mass spectrometer were accessible, those studies would have been 
completed in several days. Accurate mass measurements indicated this component is 
N2C605H 1 0. The correct structure is (A} rather than MAIDA. 

ccx::o~ 
~N-N-0 

GOOCH~ -
J 

MAIDA 

These results give us the first indication of a possible interaction between the 
inorganic components (high nitrate and nitrite composition) and the organics. It is 
interesting to note that this particular component was not produced as a result of 
derivatization with boron trifluoride/methanol on Meisel's samples that contain high 
nitrate and nitrite. Further studies are needed to prove conclusively that this 
component is actually in the tank and not a byproduct of the derivatization procedure. 

In order to identify or nccount for the rest of the total organic carbon, one 
of the composite samples was analyzed by ion chromatography to look for the smaller 
degradation products such as oxalate, acetate, formate, glyoxalate, and glycolate. 
Figure 2 is an ion chromatogram of a composite sample. Figure 3 is a chromatogram 
of the composite sample with the ion chromatogram of several of the standards. 
Preliminary results indicate the presence of oxalate. The two peaks that we believe 
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contain organic carbon need to be separated and isolated for identification. We are 
currently in the process of doing that, but not all of the results are available at this time. 

Analysis of Dan Meisel Samples 

Figure 4 is a total ion chromatogram of a standard containing 1. 77 mg/mL 
EDTA, 3.17 mg/mL of NTA, and 2.48 mg/mL of citric acid derivatized with boron 
trifluoride/methanol to form the methyl esters. Figure 5 is a total ion chromatogram of 
derivatized control sample, and Figure 6 is a total ion chromatogram of the derivatized, 
irradiated sample. Preliminary total organic carbon(TOC) values are 1.63% (gC/g 
solution)-control and 1.52% - solution I. 

The data from the control sample show the presence of citric acid, 
HEDTA, and EDTA. The GC/MS results from the irradiated sample indicate the 
presence of citric acid, nitrilotriacetic acid (NTA), and very little EDTA or HEDTA. 

Preliminary results obtained from ion chromatography studies show both 
formate and glycolate in the control samples, but approximately 10 times those 
concentrations in the irradiated samples. These results are presented in Table 4. 
Even in the control sample there is some evidence of chemical degradation. However, 
the disappearance of EDTA and HEDTA in the irradiated sample indicates radiolytical 
degradation as well. 

CONCLUSIONS 

We have been able to provide tentative identifications on approximately 
25 components in the derivatized fraction from composite samples from tank 1 01-SY. 
Approximate concentrations have also been obtained on the major components in that 
fraction. Since many of the standards are not available; the identifications have been 
labelled tentative and the concentrations approximate. 

Chelators account for approximately 65% of the derivatizable fraction but 
only approximatoly 10 ?0'"/o of the total organic carbon. Progress is being made in 
accounting for the remaining TOC by ion chromatography, but further work is needed. 
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Table 1. List of Samples and Corresponding Segment Locations 

Sample# 

1073 

1091 

961 

1078 

Segments & Location 

Composite of segments 4-8, top of 
convective layer 

Composite of segments 9-14, bottom of 
convective layer 

K33 

Composite of segments 14-18, top of 
nonconvective layer 

Composite of segments 19-22, bottom 
of nonconvective layer 
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Table ·;t Tenatively identified Components from Figure 1. 

Component# Tentative 1.0. 

1 butanediooic acid, dimethylester 

2 

4 

5 

6 

7 

8 

9 

\ \ 
C \\ D () C.. -<T· - G - C...19 l C \\ ~ ,1 \ 

methylbutanedioic acid, dimethyl 

ester l r--'r\.; . 
c \·\ f) D G - c - c.. - c. t00 c \.\-.__) 

~ \ I 

N-(methylethyl)iminocarboxy acid, 
methyl ester , r, \' 

C U\1.:: '1 

(_ \:-\ If\( ..:J 
J \._ 

pentanedioic acid, dimethyl 
ester 1 l I 

<..: \\ ctt>G- C.. -C -Cl· -C·t) OC \.L 
~ \ \ '._) 

unknown 

hexanoic acid 
1 · 1~) c- ( c \\}'. t, l &/0( \. \._) 

hexanedioic acid, dimethyl 
ester 

~~· \-\~ \(C L~OGl-~ 16-

N-(ethylene)iminocarboxyacetic 
acid, dimethyl ester 

--. ,.....-<.__ l>~A \\11 
-\ f'Y -J 

unknown 
"'- c VuC \,\~ 

(.&~~6 1 ' \ L.\G A c\I.D 
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10 N-(nitroso)minodiacetic acid, ClP N._~.s tJ,o dimethyl ester · . t'l r \ \ 

~\\ /-( CJ . '> 
(>-::(\) - I\.(_(~\ { ~\.b 

11 N-(methylimonocarboxy)ethylenediamine (.1 r'J3 D.J \A~ 
-N-acetic acid (:Nf)<: t~> 

l"') 1 - wr--f\l / ll"( / '\.\ 
rf - . NT 

12 unknown <..._ \\C,I. .. J\\l\'\ \~f\G ('(\( 

~b \ 
c..l~~~ \-\~ 13 1 ,2-benzenedicarboxylic acid, dimethyl 

ester / "O(<'NfH ·l\:) 
~ :.-- c ~-0 r \\ :J 

14 citric acid, trimethyl ester ~ C4 t9 'l L·\ "\ 
- q ( •t' .:, 

~ \\ -I-( \.0 0 ( ~ \- ") 
(' (()() ( \~ ) 

G" 0 ~ rJ tAt\ 
- ) 

15 N- (2-hydroxyethyl)iminodit=~cetic acid 
(HEIDA) >-- q _t,{ ~\ 0--)'J .) 

>--(I' 
16 unknown chelator fragment 

l ~)' 
17 unknown chelator fragment \ \) \ ~ N~(p l-\,s 18 nitriloacetic acid, trime1hyl ester 

\.. (, (J(' \ \_'-> - ' v·--( ( '~ < \~.?> 
f\( _ \' c~ o r ~\ ,'> 

19 unknown ( V\() "-\'\ \ ~ (\, b v\l\(o {'t\( 1\l 1-

20 unknown 

21 unknown 

22 
\.\])) 

N-(2-hydroxyethyi)-N'-(methyl) 
ethylenediamine-N-N'-di<lcetic acid 
or N-(Carobxy)ethylediamine-N N' diacetic 
acid 

6'1\J /- --~1>-- (. ul'<.. \~~ 
\ / ' "-c\:~ 
/,-...... ~ 
0 
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23 ethylenediaminetriacetic acid (F '<) ~ V\ ) 

C \ ~ C1 0 C ---\N/--·v ~ C ~ 0 C \\) 
);_/ 

() . 
24 1 ~) chelator fragment C.S':J) o C-- C '1 

-·--\ \.../------.. /- C r tJC \\. \ / - '1 .. /- C () Q J\,.'0 
N '-- t\J _v Q N \f'J 

"'\ \\ _.) \_ t'\} l\ ~' () \~ / \ _ 
·~ ~ lt 

25 unknown 

27 

N-(methylamine)ethylenediarninetriacetic acid C, ....... 0, {tj~ \\")--) 
(MAED3A) . \ \ w-.. II 

( \~()O ~-- 'N ;--~(--·I lJ(J( \ ~ 
I "\- C (O&JC \.~ ~ 

f\Jl\}--
octadecanoic acid, methyl ester C-\.1\ t-~ b~ (9 )-. 

26 

\_ \J}) 

28 ethylenediaminetetracelic acid, tetramethyl c,"' (S)"l ~" ~" 
ester ~: ~) -, '{\- ) 

( ~ \\ () () (,_ '. --\ . ; · ·- ('(J( :( \~)) _\ . N I 'rJ . 
( \\ 

( ( I ---I '\. - (,_ {:.._ L1 c \\ ~ 
. -~ \) ) \ ' ~ 

29 N-(2hydroxyethyl)ethylenediaminetriacetic (_\ "'l Q'l L\)~ \-\'-u 
acid (_ ~ \ ~- '[n \'\ ) J ' 

( ·l3 Du c -- " ) i --- "(\11 --- c (,{>C. L ~ 
G '-\ /" \. _ C o 0C \:l '-- 2:> 

30 unknown 

31 unknown 



32 uinknown 

33 unknown 

34 1 ,2-benzenedicarb r . hexyl) ester oxy IC acid, bis(2-ethyl 

~ ~·\- V\o. \,._~'e) 

\__(\. \ C(} •"P VvvwfJ \vv'f) -~l>v ~l,l~ ·-1\f\M.,Q J\ fJi().A&vnJA'(J 

lb) "'1'\,Q_<l_~ \\ ~'M~ (l~"'v (~J.,tA.lAofy --f\/\_1._~() ( ~ (_(~"''t~J 

35-41 unknown 
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Table 3. Approximate Concentrations (pg/g) of Major Components in Sample 961by 
GC/MS 

Component Approximate Concentration (ug/g) 

1 

10 

14 

18 

23 

28 

29 

butanedioic acid 

nitrosoiminodiacetic acid 

citric acid 
(CA) 

nitrilotriacetic acid 
(NTA) 

ethylenediaminetriacetic acid 
(ED3A) 

ethylenediaminetetracetic acid 
(EDTA) 

N-(2hydroxyethyl)ethylenediamine 
triacetic acid (HEDTA) 

80 

708 

45 

185 

115 

237 

25 
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Table 4. Estimates of Concentration (PPM) for Major Components in Samples from 
Meisels by lon Chromatography 

Formate 

Glycolate 

Glyoxalate 

Sample C 
107 

10 

N.D. 

K.39 

Sample I 
960 

93 

N.D. 
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Fi~ure ~ . I on Chromettograrn of SamniP 1091 . 
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rigurP- 3. (a) I on Chromt~togrnrn of S<tmrh'l 1091 and (b) Standr~rds (······ ) 
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figure 4 . Totallon Chromatogram of Derivatized NTA. EDTA. and CA. 
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rigure 5. Tote~l lon Chrom8togmrn of the Derive~tized Control Sample from Meisels 
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Figure 6. Total ton Chromatogram of Derivatized, Irradiated Sample from Meisels. 
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METHODS OF ANALYSIS FOR CHELA TORS 

• OEniV/\TIZ/\TION GC/MS 

• LC 

• LC/MS 

• ELEC.l nos rnA Y/MS 
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DERIV/\TIZATION GC/MS 

• OOilON TfllfLUOniDE/METIII\NOL 

• SIL YL/\ liON 

• 01/\ZOMETH/\NE 

• nUT 1\NOL/IICL 

• CIILOflOETII/\NOL/IICL 
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DERIVATIZATION METI~ODS 

diazotne\hane 
ether 

_,..--_B_S_T_F_A_ RCOOSi(CH 
3

)
3 

B~/rnethano1 RCOOCH 
3 

, __ b_utano:-=-' -- RCOOCA Hg 
HCI Lf 
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CONCLUSIONS 

• DIAZOMETHANE-LONG REACTION TIME, MULTIPLY 
METHYLATED PRODUCTS 

• SILYLATION-PARENT ION TYPICALLY FRAGMENTS 
SEVERLY 

• BF3/METHANOL-METHYLATE AT CARBOXYLIC 
ACID SITES, LACTAM & LACTONE 
FORMATION, BEST REACTION 

• BUT ANOUHCL-FORMS BUTYL ESTERS, SLIGHTLY 
HIGHEn FlO RESPONSE THAN METHYL ESTERS 

• Cl ~LOROETHYL ESTERS-I fiGH ECD nESPONSE, FAIRLY 
LOW YIELDS 
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DISADVANTAGES OF DERIVATIZATION 

• MAY REQUIRE ADDITIONAL SAMPLING HANDLING 

• MAY GIVE LOW OR VARIAIJLE RECOVERIES 

• OFTEN REQUIRES THE USE OF HAZARDOUS REAGENTS 

• DOESN'T ALLOW TO ANALYZE AQEOUS PHASE-ONLY 
DERIVATIZA8LE AND EXTRACTABLE 
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HPLC 

• W.n. GnACE METI·IOD 

• cu on FE 

• OUn METIIOD 11/\S NO CU IN MOIJILE PI lASE 
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CLEANUP PROCEDURE FOR SYNTHETIC WASTE 

• GOING FROM STANDARDS TO SIMULATED WASTES 
PRODUCED CLEANUP CIIALLENGE BEFORE ANALYSIS 

• NEED TO REMOVE CONTAMINANTS 

• METJ 100 INVOLVES ADDITION OF COPPER SULFATE, ACID 
PRECIPITATION, CENTilii-UGATION, PI I ADJUST TO 6.5 
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LC/MS 

• MOBILE PHASES COMPATIOLE WITH LC NOT FOn MS 

• REVEnSE PI lASE C2 LICitnosonB COLUMN 

• P/\nTICLE-OE/\M VS. THEnMOSPn/\Y INTEnFACES 

• nESUL TS PflOVIDE EXTENSION TO LC/MS-ICP/MS 

K.57 
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Separation of Cu(EDTA) 
and Cu(HEDTA) 

Cu(EDTA) 

Cu(HEDTA) 

--· 
• I 

K.58 
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P ArrrJCLE-BE/\M LC/MS 
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CONCLUSIONS 

• Particle-Beam LC/MS Provides Extensive Fragmentation­
Difficult to Unambiguously Identify 

~ • Mass Spectra Obtained from Free Acids Different than 
·~ 

Complexed 

• Thermospray LC,'fVlS Can be Used for Identification of 
Che.lators and Cherator Fragments 

• LC/MS Coupled to ICP/MS will Allow Organic and Metal to 
be Identified Simultaneously 
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GC ANALYSIS OF ORGANICS IN TANK 107-AN 
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REACTION WJ-:-H OIAZOMEIHANE 

Mass Spectrum of Peak #2 
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REACTION WITH BSTFA 

Mass Spectrum of Derivatized HEDTA 
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REACTION WITH BF3/METHANOL 

Mass Spectrum of Derivatized ED3A 
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REACTION WITH BUTANOL!HCL 

Mass Spectrum of Derivatized EDTA 
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THERMOSPRAY LC/MS OF CITRIC ACID 
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THERMOSPRAY LC/MS OF ED3A 
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Appendix L 

Tank 101-SY Mitigation Project Experimental Plan 



TANK 101-SY MITIGATION PROJECT 

EXPERIMENTAL PLAN 

Presented to 
External Advisory Committee 

BM (Ben) Johnson 
March 20, 1992 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

MITIGATION RATIONALE 

+ Resulted from a study documented in WHC-EP-0516 

+ Both Chemical and Physical Approaches Studied -
Physical Approaches. emphasized because of uncertainty 
of mechanism of hydrogen generation 

+ 1 0 Methods Studied - 4 selected for further study 
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TANK 101-SY MITIGATION PROJECT· EXPERIMENTAL PLAN 

OUTLINE 

RATIONALE 

TEST APPROACH 

+ Jet Mixing Probe 

+ Enclosed (Shrouded) Probe 

· Ultrasonic 

Heating 

· Dilution 



TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

MITIGATION RATIONALE 
(Continued) 

Ultrasonic - Vibrate gas bubbles to cause coalescence to sufficient size to 
escape nonconvecting layer. Was leading contender until attenuation data 
was obtained. 

~ Mixing - Jet mixing selected as best method to stir nonconvecting layer to 
release gas. Optimum configuration and jet power required are the 
uncertainties. 

Heating - Synthetic waste show a marked change in nature of crystal 
structure in non-convecting layer on heating to -60C - Interlocking nature 
of crystal disappear - May result in release of trapped gas 

Dilution - 20-25% may similarly change crystal structure and cause gas 
release - Dilution limited by available tank space. 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

TEST RATIONALE 

Enclosed Chamber Test Probe 

Evaluate each approach in-tank because of difficulty of obtaining either 

+ A reliable synthetic waste or 
+ A reliable representative sample (unrepresentative degassing, 

temperature history, possible dewatering) 

Use Enclosed Chamber to reduce safety concerns from committing total 
tank to an uncertain state, e.g. uncertainties such as 

+ Effect of heating on the rate of gas generation 
+ Temperature required 
+ Effectiveness of Dilution - may be marginally, resulting in greater 

waste volume with little benefit. 

Separate probe for Jet Mixing - could not be effectively evaluated in 
Enclosed Chamber Probe. 
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TANK 101 -SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

TEST APPROACH - JET MIXING 
Objective - Obtain information on the optimum jet configuration and 
minimum pump power required to adequately suspend the 
nonconvective layer throughout the tank so as to avoid episodic 
release of hydrogen 

Premise - Present jet mixing pump may/may-not be of adequate size 

Uncertainties -What are the important scaling parameters in designing 
full-scale system from small-scale tests. Depends on the critical event 

- Dislodging the solids - (jet velocity) qet diameter) 
Suspending the solids - (jet velocity) /(tank diameter) 

+ particle settling velocity 
- Mixing intensity- (pumping power)/ (tank volume) 

Approach - Extensive numerical modeling (supported by physical 
modeling for validation) to elucidate meager physical data from the 
full-scale tests 

Soliciting Input - In-situ velocity & viscosity sensors 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

EXAMPLES OF NUMERICAL MODELING 

Following Plots 

1) & 2) 3-D Vel. profiles in plane of one 3" jet (of two opposing jets) at 
60 ft/sec, placed 1 ft and 3 ft off tank floor. Shows the greater 
scouring action with lower placement. Also low velocity at 
tank wall (probably little effect on wall solids). 

3) 3-D vel. profiles in horizontal plane of #1 jet. Show most 
recirculation is horizontal rather than vertical because of 
density gradients in the tank. 

4) Color concentration of #1 jet. Show extent of suspension 
after 5 min. Does not include possible buoyancy of any gas 
attached to particulates. 

5) lso-surface of 0.5 ft/sec lateral velocity of jet #1. Shows 
lateral velocity mostly contained within slurry region because 
of density gradient. 
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VELOCITY VECTORS 
(Vertical plane through jet) 

J• jet at 60 ft/sec 
3 ft. off tank floor 

Plot al hmc: u 5 000 fllllluiCS 
Tlll E: T 1\NK SY 101 JET MIXtiG TEST \3D CYLN) 90 DEC SECTOR MODEL 
1 ULE. lANI< S'f·101 JET MIXING TESl (JD CYU~ : 90 DC<J SEC l OA MOOEL 
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TEMPEST Quarter Model 
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VELOCITY VECTORS 
(Horizontal plane 4 ft off tank floor) 

3• jet at 60 ft/sec 
1 ft off tank floor 
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DENSITY VARIATIONS IN VERTICAl 
PLANE THROUGH JET 

3• jet at 60ft/sec 
1 ft off tank floor 



ISO-VELOCITY SURFACE OF LATERAL 
VELOCITY OF 0.5ft/sec 
3" jet at 60ft/sec 
3 ft off tank floor 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

EXAMPLES OF NUMERICAL MODELING 

Following Plots 

6) & 7) Color concentration of .. Ducted .. jet with 4x flow and diameter 
but 1 /4x velocity. #6 -5 min, #6 - 20 min. Shows more boyant 
character of the jet. Results in better mixing. Changes with 
time due to changes in fluid density. 

8) lso-surface of concentration. Shows unexpected scouring of 
flour near wall due to back mixing. 

Potential Impact 

• Ducted jet better if suspension of solids is primary interest. 

• Unducted jet provides better scouring action 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

JET MIXING TESTING SEQUENCE 
(Tentative) 

1) Jet Radius vs. Pump Power 

No rotation of jet, increase pump speed for 0 to max and note 
region affected 

With jet rotation, 

- Limited, then full rotation at low flow 

- Limited, then full rotation at medium, then full flow 

2) Mixing effectiveness with periodic start/stop operation 



DUCTED JET 
4 x flow & diameter 
1/4 x velocity 
5 min. of mixing 

L.15 



DUCTED JET 
4 x flow I diameteT 
l/4 x velocity 
20 •in. of •ixing 

L.16 



ISO-SURFACE OF CONCENTRATION 
Note scouring of floor near wall 

L.17 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

JET MIXING DATA REQUIREMENTS 

Primary Surface Level - Adequate mixing prevents the retention of gas indicated by no 
Data: surface level rise 

Secondary Hydrogen Co.ncentration - any increase above background would indicate some 
Data: mixing effectiveness 

Supernatant Density - An increase is evidence of suspension of solids 
from slurry level 

Temperature {vertical gradient) - Measured at two radii will indicate mixing in the 
non-convecting layer 

Radial Velocity- Would be primary data but for difficulty of getting any reliable 
method for other than relative values 

In-tank Video - Note the extent of upwelling that may occur if gas is evolved from a 
limited region 

Desired/Optional: Viscosity - Good indicator of particle density {hence mixing extent) but timely 
development of in-situ measurement uncertain 
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TANK 101-SY MITIGATION PROJECT- EXPERIMENTAL PLAN 

TEST APPROACH - ENCLOSED CHAMBER PROBE 

Objective - Determine effectiveness of three different approaches 
to mitigation - ultrasonic, heating, dilution 

Premise - By sequencing tests, the effectiveness of each 
approach can be determined 

Uncertainty- How do you proceed from one test to the next if the 
mitigation approach is only partially successful? 

Approach - Use the telescoping feature of the probe design to 
allow the re-establishment of a slurry layer within the chamber 
region. 
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Mitigation Chamber Test Sequence Logic 

Ultrasonic NO till 

New Placement of Chamber 

NO NO NO 
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