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1 .O Analysis of Uraniurn(V1) Solubility for WlPP Performance Assessment 

1.1 Scope and Purpose of the Analysis 

The purposa of this documeni is to provide zn anelysis of the available data on the 

solubility of uraniurn(V1) expected in a brine-inundated WlPP waste repository room. 

The concentrations of uranium and other radionuclides (Th, Np, Pu, Am, and Cm) is 
important in assessing the performance of ihe WIPP. U p p r  limit concentrations 
(solubility limits) provide tie "source !ern" for potential rsleases of radionuclides to the 
accessible environmefit in future human inirusion scenarios. Ths present analysis is 

b a s d  on results from both extant published liierzture deta and WIPP-directed 

experirnenta! programs. This analysis w2s a rssult of cri:ic.zl sssess;nent by sn ad hcc 

Anelysis Committee (sf3 A;pancix E). 

1.2 Summary of the Ana!ysis 

The deveiopment oi thermodynamic models ior predicting ihe solubilities of actinide 
elements in an inundated WlPP rspositcry have b a ~ n  cornpletsd by ths WlPP Source 

Term Project (managed by Sandia National Lsboretories snd performed at Florida State 

University and Argonn~, Lawrance Liv?rmore, Lawrancs Serkeley, LGS .4larnos, anc! 

Pacific Nxthwest National Laborero;ies). T~IG moSa!s for tb? triva!ect (I!!), tet:svaier,t 
(IV), 2nd ~cntsvs;en! f'd) oxidziioz sr&rfs ~ E L ~ E  5 2 3  S X C S E S ~ Z ~ ! ~  z ~ ~ T F I z ~ E ~ ,  hoiwva:. 

the sc;inida haxevalarit jVI) no&l is in~il~isiant ei :his rime. Devel~pni~r . i  ci ths ;'I 

model hzs bee2 c'i3ic;llt io i  5 number of i?lstorica!ly s i g ~ i i i c a ~ i  iszSoP.S. Fgr axmpie,  

the hydrolysis (complexation by hydroxide licjands) behavior is. extramsly complicated 
znc' tke c&or,ete ccnpisx~t ion bskvior is C ~ Z ~ ; $ V S ~ S ~ E !  m c  is just ixv,' bGn3 

elucicsi?d. 

Since ureniurn is tna ozly acrjnide elanen: expested to be in the h~xavaiant state 
-. 

(Weinar e? a;, 1398) this kmrnsnt addi%s~s only r;:snim/V!) soiubiliiy Sch2vio;. I ns 
net result cif this analysis is a prediction of the concentration of uraniurn(Vl) for use in 
Performance Assessment calculations. A review oi the published literaturs and WlPP 

dirac!sd research is expectsd to provids solubility limifs foi u:ani~m(?'l) under condi!icns 
expactad in a brine inilndatim scenario. With tha r x m t  deilslog;;lerrt of including 

. .. ' I chani.:s! czfi':rols [ ~ n g i n ~ ~ r ~ . ~  bzzkfi(i ~ ~ ! ~ : i ~ ! ~ )  13 rz?~$i~;;{ ~3513.; ! ; ~ t g - , ~ ~ ; ~ ~ ,  
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oxide). the intruding brine conditions are anticipsted to be near pH 9 to 70. In addition, 

the backfill is expected to effectively absorb microbially-generated C02 gas irom the 

repository room, e3ectivsly eliminating the potential for ;ti2 formation of h i ~ h i y  solubie 
actinide carbona:e complexes. The Iiteraturt and sxpsrimental solubility data used in 

I 
I 

the analysis are included in Table 1. 
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Table 1. 
Summary of Selected Solubility Data for Uranium(Vt) 

Conc. (m) pH P C O ~  rnolality Solid Reference 

Pu31isl'red Literzture Data 

3 x 10-6 5.4 1 a tn  

2 x 10-3 8.4 i a tn 
2 x 10-7 i 0.4 low 
i 0'3 to 1GT6 4-5 0.02 O h  

Proies: Ex9srin 27f2 ,' DE:E 

2.3 x i0-6 7 &sent 

2.6 x 10-7 8.0 present 

8.3 x 1 0-5' iG.0 s b s e ~ t  

3.2 x 10-5' 10.0 present 
8.3 x 10-4 4.9 absent 

2.5 x i 0-6 9.6 absani 
9.0 x 10-6. 9.7 unknown 

Not at steady state cond$ims. 

5.8 

3.8 
3.6 

0.1 

5.1 

4.8 

4,8 

4.8 

5.2 

5.2 
unknown 

~ ~ - 2 ~ ~ 0  

W s  
K2U207 

uo2c03 

unkncwq 

unknown 
m k n ~ w r i  

unknown 

u32oH2(?) 

U020H2(?j 

unknown 

Yamazaki et al. (i 992) 
Y a ~ e z a k i  et a/. (1 992) 

Yamazaki et a/. (1 992) 

Pashalidas si 51. (1 993 

Rsed st 51. (i 898) 

Reed et a/. (1 936) 

Sesd at a/. (1 925) 

Resd Sid.  (1993) 

Falrner et 11. (1996) 

Paincr 6t 21. (1396) 

Villareal et a/. (1 996) 

2. !3 Analysis sf Uranium(Vt) Sol~lbility Zeta 

Davalopmani o i  re!iable tharnodynamic models based Dn ?~izer iormalisn for pradiction 

oi aciinicje element solu5iii!les iizs basn sucsessiu!ly 2s:o;;rp!ishnd b r  :be ~et in ide  111, 

IV, and V oxidation staiej (Novak e: d., :396!! T52 actinide(V1) model, however, has 

not yet bean suificiantly develcpad for reliable use in predicting concentration of An(VI) 
in W I?? brines under various solution conditions. Uraniun(V1) solubiiity modeling has 
provsn difficult eve3 &rr fifty yazrs oi  r~sszreh. Ths hydrclys:~ behzvior oi U{VI) is an - 
inpo r t z~ t  conponant of the r;lodel ar;d is qni:? mrn?k>: 293 nrJt wd! known. rven 
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given a great deal more frrnding and eifort, it is unlikely that a model could be 
constructed ior Actinide(V1) soluSility in the nesr future. The hexzvalent states of 

nsptunium and plutonium zre not expected to ba prtseni in the repository rooms and 
are thus not included in WlPP PA calculations by virise of their ready reduction in the 

presence of sxcessive amounts of alemental iron(0) and soluble iron(1l). (Weiner et a/,, 

1996) Uraniun(VI) can also be reduced to uraniurn(lV) in the presence of iron(0) and 
iron(ll), however, a number of oxdanis are readily availabla for 're-oxidizing" uranium 
back to the (Vi j  state. These oxidanis include, Fe(lll), Np(lV), and Pu(IV), to namc a 
few. Consequently, uranium is the only sctinidz elernent ~ x p ~ c t e d  to exist in WiF? 

brines in tha hexavalent stats. Published literature data and experiment21 data collected 

under contract to the WlP? projsct hsve been anslyzed ior Ma0 backiill-specific pH 
rsgiorrs in thc: a5sxm sf COz. 

2.2 Literature Data 

2.3 WlPP Specific Experimental Dzta 

L&r&~ry  sxpzirner?:~ prsszntly ir; prograss in WI?? brines by Reed ei al.(i 936) 

provide U(VI) so'lubili:y values oi  3.8 x 10-3 molal with carbonzta absent zt pH 10. 
-. 
I naso results shoulci 5s regarded as ?rstit.i.;lnary since same oi t3e vasssts ars siili 

apprcaching sieady steie cmc'itims. In previxs experinanis, Palmer s! 51.. (190") 

reported v a l u ~ s  o i  8.3 x 10-4 rn at pH 4.9 2nd down to 2.8 x 10" at pH 9.8 in the 

~bsencs  of carbonate. Further, empirical resclis are rspoflecl by Villareal et 21.,.(1995) 

on Souice Term Test Prcgrzm (STTP) expxinants with sinul&d wzstes a; Lcs 
b,!anos 1435222l L~j;:zt~:y. ?isjjmifi~:;d 5 ' 2 : ~  .3i ~.:37~ici;?('~:I) ~(;!:,CJi[iiis~ G: E x ~ c ) - Z  3 ~t 
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pH 9.7 for some containers. Although S U P  results are reported herein, thesa should 
ba considerxi 2s highly provisionai because the contain~rs are by no means at sieady 

state conditions ncr undsr highly definnd parameters. T k s e  data are being used in this 

analysis only to acknowledge data showing solubility values well below the value 

provided by this present anelysis. 

2.4 Assessment 

Based on analysis of literature dsta snd WlPP Pro@ct experinen:al data (primarily from 

experiments that hava reached or aie qproaching staady s;zt:te c,mditions), it wss 

ckiecminsd thst 211 cf ihe veluss feil wiinin an c:rder cf rnag%i~de  or ihere&xts t~ a 

concenirltion v ~ i u s  ~f zppcxirnztely 1 x I C - ~  moial. Tharzfors, b e s ~ d  m ths bss: 
iniormction sv~i lable, a value of l .Dx 1@5 molalis provided for the uranium(Vl) 

concsni;a:ion inptit parameier for periormancs Esssssrnant calculaiions for V W P ,  This 
value is consis!ant with recommendstions set forih by ihe Expert Panel Eiiciiaiion for 

S o u r c ~  T a m  conducted in 1990. With little relevant experimental daia available at the 

timt, this penel suggested a vslue of 3.0 x i0-5 M icr the 25th iiactiis v d w ,  (Hcbs? a; 

a/. , 1 996). 

hovzk, C. (1 996) "Ralaase of FMT Deta Bass Fiies i-:ML'_3A56-S?6C: i S.CHEMDAT 
and HMW-345-860325.CHEMDAT," Memo to J. T. Holrnes, Bandia National 
kborztoriss, M m h  27, i 995. 

Psimer. C. E., (i 396) private comnunic;ation to R. Vann 3ynum (SAICSNL) i n m  C. 
Palmer, (LLN t) dated February 27, 1996. 

Reed, O. T., Wygmans, D. G., and Richrnsnn, M. K. (1996) "StaSilitv of Pa(VI), N?(VI), 
and U(VIj ir! 3imc;Ia:eci WiPP Eiins", Argonn~ National Laboratory Intarin; R q x t  
(private communicatior;). 
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Weiner, R., Hobart, 0. E., Tait, C. D., 2nd Ckrk, D. L., (1  995)"Analysis of Actinide 
Oxidaiion States in the WIPP," Sandia National Laboratory report SAND- YYY. 

Yamazaki. H., Laprrnan, B., Syrneopoulcs, V., and Choppin, G., (1 392) "Solubjlity of 
Uranyl in Brine," Proceedings of :he Third interr;atimal High Level Radioaciive 
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Appendix A 

Iniormziicn require3 by CAP 9-1 

The authors ar9 qualifisd to anzlyze solubility dzt;! from a vsriety of sources. Thoy 2;s 

I experts zt one or more of the  iollcwing areas: sctinide snemis:ry, geosnernistry, 

environmenial chemistry, computar modeling oi environmental systems, enc! d z ; ~  
analysis. Fu2hernore the A r x i y ~ i s  Cormiiie3 corisisi~d of a num9;r of quzliiisrj 
scient isis with sxpsrtise in a wida vz:ie!y of rsievani su5jez:s. 
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