& 3000

1000 ! ! !
0t mmncrem LS
|

M n

Intensity(Counts)

;

Intensity(Counts)

:

] lo <)~,D
R.fsi!f ¥ (W
S "y L”UV\/L

D54 wamdx)

[FF3571.MDi] UPEA-1A-S-XRD

10

6000 1

5000 4

:

35-0733> Soddyite, syn - (UO2)2(Si0O4)!12H20

[F3572.MDI] UPEA-2A-S-XRD

L)
30

2-Theta(®)

6000

5000

:

:

- &

EINInY

35-0733> Soddyite, syn - (UO2)2(Si04)!12H20

2-Theta(°)

3



intensity(Counts)

intensity(Counts)

[F3573.MDI] UPEA-1B-S-XRD

:

:

:

 39-1360> Uranophane -
o "

L AN A
Ca(U02)2(SiO30H)2!5H20

PEFT I [P ]

-

35-0733> Soddyite, syn - (UO2)2(Si04)!12H20
h ' e l. P W 1 [T
LENAIRE MRt R B SUEES Sem Ra |

[F3574.MDI] UPEA-2B-S-XRD

30
2-Theta(°)

T T T T

L]

40 50 60

6000
5000 4
4000
3000
2000
1000 4
0—4 L e MR SR e e - O
' 39-1360> Uranophane - Ca(U02)2(SiO30H)2!5H2
l R N e P I DV [ [P R
| 35-0733> Soddyite, syn - (U02)2(S5i04)!12H20
i) 1 |I| | Y N Lol l.l ] Ll 1 Lol
L} T T L Ll T T L L ¥ ¥ L L] L) T T L L T L} L] LA Ll L 1
10 20 30 40 50 60

2-Theta(®)




e

I\l| Iu? ‘:?,f

[F3575.MDI] URSE-XRD

6000 +
0}
c
S
[o]
©. 4000
£
7]
c
o
=

2000 -

(U S— AA% ,,,_,,:_:,,,A-,A r.lvé,,,,, WA WA PV WA
39-1360> Uranophane - Ca(U02)2(SiO30H)215H20
l R PO by e bendl oes Ll ole 1,
| 35-0733> Soddyite, syn - (U02)2(Si04)12H20
Ly L .Il L [MEPETIPUVEN PP T Lk
L 1 L L] 1 L} L L) U L] L] T T L) L) ¥ 1 1 L) T L]
10 20 30 40 50 680
2-Theta(®)
[F3576.MDI} URAN-7-XRD
5000 1

:

Intensity(Counts)
g &

| L L1l -

"~ "l L 1 n

VAV LW VA A" A AR IR A O e
39-1360> Uranophane - Ca(U02)2(SiO30H)2!5H20

35-0733> Soddyite, syn - (UO2)2(Si04)!2H20

A
L] L)

2-Theta(®)

40

Lol l.. IL|
T
50

10

¥
i
¢

b



106

il ltlo"’ 7‘6) E B

Resutts q ool ol o o
Su l,ut&__ CUset o WO\ R »/M

efwmiu ~ Ou P‘( o) MPu A "\‘:” 7 See P‘()%‘%b : ,'”“

= MMVV \/b 'f S;’ﬁ ///E:S /) 5'7(4 . ’,,.: ?:;
F San
Eler

H’NiCoﬁ VL \_Q_,r.v g;of 7 %_B";
‘A’ 797 | fW\ P

€mu—~:t )\) | & ’

HMA oy W\ir“ S | ’;
3 loorddee mz’zc’) ”Murg T sules”

K) B [

4 i
Mag
b
0
posse Nick
3 Palla

\ e Phos
g Pota

w
-
@
=

EI]

o)
&

35

B

/ ' ; — Sulfu
’/ { Thall

/07 o Thori




e

Results of chemical analysis of experimental solutions from Np/Uranophane
coprecipitation experiment NPUA.
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Sample ID NPUA-M7 | NPUA-MB | NPUA-4A | NPUA-4B | NPUA-4C [NPUA-M15| NPUA-M16] NPUA-8A | NPUA-8B | NPUA-8C
Element (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) m|
Aluminum <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500
Antimony <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150 <0.150
Arsenic <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Barium <0.0500 <0.0500 <(.0500 0.109 0.158 <0.0500 <0.0500 <0.0500 0.0941 0.163
Beryllium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Bismuth <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Boron <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250
Cadmium <0.0500 <.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Calcium 418 419 422 427 432 422 419 418 425 431
Chromium <0.0500 <).0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500
Cobalt <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500 <0.0500
Copper <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
fron <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00 <1.00
Lanthanum <0.0500 <).0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Lead <0.0500 <.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Lithium <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Magnesium <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500 <0.500
Manganese <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Molybdenum <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Nickel <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Palladium <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250
Phosphorus <0.200 <(0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200 <0.200
Potassium <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00 <3.00
Selenium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 § <0.0500
Silicon 33.5 33.6 33.5 34.1 34.6 33.2 33.1 33.2 33.5 33.7
Silver <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Sodium <2.50 <2.50 <2.50 <2.50 <2.50 10.2 9.80 104 10.6 10.0
Strontium 0.256 0.256 0.256 0.261 0.267 0.268 0.268 0.270 0.272 0.277
Sulfur <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250
Thallium <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
'Thorium <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250 <0.250
'Tin <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Titanium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
[Tungsten <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100 <0.100
Uranium 2.02 2.01 0.418 0.403 3.36 1.96 2.00 0.440 0.409 0.620
Vanadium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 [ <0.0500
Yttrium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Zinc <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
Zirconium <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500
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Results of chemical analysis of experimental solutions from Np/Uranophane ] .

coprecipitation experiment NPUB. - -
P

SampleiD [ NPUB-M! | NPUB-M2 [ NPUB-1A | NPUB-1B | NPUB-1C R o

Element (mg/L) (mg/L) (mg/L) (mg/L) (mg/ly |

Aluminum <0.500 <0.500 <0.500 <0.500 <0.500 e —

Antimony <0.150 <0.150 <0.150 <0.150 <0.150 B

Arsenic <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 T T

Barium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 ' -

Beryllium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 B

Bismuth <0.100 <0.100 <0.100 <0.100 <0.100 e

Borcn <0.250 <0.250 <0.250 <0.250 | <0.250

Cadmium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 S &

Calcium 498 495 495 523 515 g

Chromium <0.0500 <0.0500 <0.0500 ] <0.0500 | <0.0500 e ! S

Cobalt <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 : *

Copper <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 .

Tron <1.00 <1.00 1.01 <1.00 1.30 e

Lanthanum <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 -

Lead <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 e o

Lithium <0.100 <0.100 <0.100 <0.100 <0.100

Magnesium <0.500 <0.500 <0.500 <0.500 | <0.500 . o

Manganese <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 i

Molybdenum | <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 e .

Nickel <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 : B

Palladium <0.250 <0.250 <0.250 <0.250 | <0250 R T

Phosphorus <0.200 <0.200 <0.200 <0.200 0.480 , .

Potassium <3.00 3.36 <3.00 3.20 14.9 T

Selenium <0.0500 <0.0500 <0.0500 | <0.0s00 { <0.0500 { ~ i

Silicon 96.0 95.9 94.9 100 96.7 :

Silver <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 S— . Rl

Sodium 176 176 174 186 180 '

Strontium 0.0793 0.0794 0.0800 0.0844 0.0844 e T

Sulfur <0.250 <0.250 <0.250 <0.250 | <0250 —

Thallium <0.100 <0.100 <0.100 <0.100 | <0.100

Thorium <0.250 <0.250 <0.250 <0.250 | <0.250 B W

Tin <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 T

Titaninm <0.0500 <0.0500 <0.0500 <0.0500 | <0.0500 R e

Tungsien <0.100 <0.100 <0.100 <0.100 | <0.100 ’

Uranium 13.6 14.3 7.65 6.08 4.37 B—— B

Vanadium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 N

Yitrium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 e )

Zinc <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 -

Zirconium <0.0500 <0.0500 <0.0500 | <0.0500 | <0.0500 T :
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Ca (moliL)
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1.18e-3
1.16e-3
1.14e-3
1.12e-3
1.10e-3

Si (mollL)

1.40e-6
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6.00e-7
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2.00e-7 1
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Figure 8. SEM photomicrographs showing (A) unreacted synthetic uranophane, (B) uranophane
recovered from test D-OB, (C) uranophane recovered from test P-1A, and (D) particles other than

uranophane recovered from test P-1A.
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Table 1. Aqueous phase U(VI) reactions and associated thermodynamic stability constants used

to derive log K°,, for uranophane.

S

Speciation reaction LogK (1=0)
UC,™ + H,0 = UO,0H* + HY -5.21
UG, + 2H,0 = UOy(OH)y(aq) + 2H' -10.31
UO,™ + 3H,0 = UO,(OH)y + 3H* -19.22
UO,* + 4H,0 = UO,(OH),* + 4H* -33.03
2U0;* + H,0 = (UO,),0H* + H* 2.71
2U0,2 + 2H,0 = (UO,),(OH),* + 2H* -5.63
300, + 4H,0 = (UO,)5(OH)* + 4H* -11.93
3U0% + 5H,0 = (UO,)5(OH)s* + SH* -15.59
3U0,% + TH,0 = (UOy);(OH); + TH* -31.05
4U0;* + TH,0 = (UO,)(OH),* + TH* -21.95
UO:% + HCOy = UO,COx(aq) + HY 0.66
UO,%* + 2HCO5 = UO,(CO,), > + 2H” -3.75
UO,™ + 3HCO; = UOyCOy),* + 3H* -9.43
300, + 6HCO;5 = (UO,)5(CO5)e* + 6H* -8.06
2UC,* + HCO;5 + 3H;0 = (UO,),CO5(OHY + 4H" -11.22
30Q,* + HCOy + 3H;0 = (UO,);O0(OH),(HCO,)* + 4H* 971
300,% + HCOy + 4H,0 = (UO,)5(OH)sCO,* + 4H* 9.62
11UQ,% + 6HCO; + 12H;0 = (U0 (CO4)6(OH),,F + 18H* -25.73

YSource: Grenthe et al. (1992).

Table 2. Proportions of major uranyl species in dissolution and precipitation test solutions from

week 6 to 10.

UO,(OH),(aq) UO,0H" Uo,” U0,C0O5(aq)
Dissolution tests
D-0A 0.780-0.788 0.144 -0.148 0.045 - 0.049 0.017
D-OB 0.775 - 0.788 0.143-0.151 0.045 - 0.051 0.017
D-7A 0.761 - 0.775 0.151 -0.159 0.051 - 0.057 0.017
D-7B 0.761 - 0.788 0.143 - 0.158 0.045 - 0.057 0.017
Precipitation tests
P-1A 0.798 - 0.802 0.135-0.137 0.039 - 0.040 0.017
P-1B 0.741 - 0.751 0.168 - 0.163 0.061 - 0.066 0.016

12

5



126

lL{s.//az %1?

- The o

o

0 Lo B0 o, /@’) :
I iy (T
NT)I que 1010 W
L{O i ;07/( Y &+ (;;VLT
) {, I‘Y""‘ (0 15 5/
uﬁ,&w Sov S 4 “‘7‘1’3 r"wl*:-
4.8 v g
| T ‘ _ | |
45| Supersaturated | - - Chenetal’ 1999 B
ST 4.2 -
§ v D-0B
& - O D-7A
S 3.9 g 5%
3 . ® P1A
’ P-1
L 3867 N e | v B
- Thls Stlﬁde T
andersi;furgteq |
T, 32 0 298 300 )
Py 98 T 200 292
7 -2.88 |
\og\S\Og(aq




2|

o2 127
7?
1/;¢,wc
W’ 5/ I’V"‘Z‘Z‘ ﬁ;%
M _iz:iﬁ,

}Lh?’(b'? (?-F

Revigel) m
I o
0(1690\@% w:/‘:w

1213 o7 \®

Res btz

Mﬁ-v———— ; -
AP W@%
», '*'WZZC» B X

it Cu S0 , Tl (m—u,&

W@smw

?w



wl\'b(v” %‘f

Sample URSE0A ( D -~¢ M

Amount of uranophane added = 0.5008 g
Amount of 0.0 M U solution added = 20025 g
Total sample wt = 22932 g
Wt of bottle = 2857 g
Concentrations of components in i ;’,‘5{0 1
starting solutions mgil molality moles ?P . . L
u 0 0 0 "l '«2;0 ‘o U ve ~
Ca 381.56 010952 0.00190638 £ e . l 'r’ﬂ
S 3341 0.001189474 0.000238192 Paa¥ 3 e
Sampiing data Elapsed Wtof boltle before Wt ot soinbetore Wt ol bottle after Wt of soin
time (hrs) samoling (g) sampling (g) sampling (g) removed (g} pH U (ppm} Ca (ppm) Si (ppm)
2447 229.24 200.17 219.21 1003 6.03 0.032 382.36 33.26
166.42 2°7.81 188.74 207.80 10.01 6.01 0.050 386.77 33.01
358.13 20719 178.12 196.86 10.33 5.95 0.055 389.58 32.81
502.00 166.40 167.33 186.32 10.08 595 0.057 391.18 3275
670.25 165.72 156.65 175.68 10.04 5.94 0.060 393.18 32.75
837.58 175.16 146.09 164.97 10.19 588 0.060 395.18 32.81
1007.72 1€4.33 135.26 154 57 9.76 590 0.061 396.79 32.92
1173.60 1£3.92 124.85 143.97 9.95 5.91 0.061 398.80 33.09
1342.02 “43.36 114.29 133.50 9.86 5.90 0.061 401.60 3331
1509.78 132.68 103.61 122,68 10.00 580 0.062 405.21 33.54
1677.83 121.80 92.73 111.86 9.94 592 0.082 408.82 3382
Calculation of cumulative release (moles of U, Ca, Si releasad or precipitated as a function of time)
Defined by:
Cumulative moles released = (moles in soin at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soin) -
where

Moles in soln at sampling time = (measured molar concentration in sample) * (wt of soln before sampling) / 1000
Moles extracted during sampling = (measured molar concentration in sample) * (wt of soln removed during sampling) / 1000

Moles extracted in
Moles in soln Molgs extracted  all samples removed Cumulative moles released
Elapsed time at sampling time during sampling prior to sampling
[ 0

u 24.47 2.702028E-08 1.35405E-09 0 2.70228€-08
166.42 3.92577E-08 2.08208E-09 1.35405E-09 4.06118E-08
358.13 4.09674E-08 2.3759E-09 3.43613€-09 4.44035E-08
502.00 4.0153E-08 2.4192E-09 5.81203€-09 4.5971E-08 R
670.25 3.91623E-08 2.51E-09 8.23123E-09 4.73935E-08
837 58 3.696C5E-08 2.57807E-09 1.07412E-08 4.77018E-08
1007.72 3.462€3E-08 2.49856E-09 1.33193E-08 4.79456E-08
1173.60 3.20862E-08 2.55715€-09 1.58179E-08 4.79041E-08
1342.02 2.94866E-08 2.54388E-09 1.8375E-08 4.78616E-08
1509.78 2.68348E-08 2.59€-09 2.09189E-08 4.77536E-08
1677.83 2 410986E-08 2.5844E-09 2.35089E-08 4.76185E-08
Q 0
Ca 2447 0.001909613 9.56862E-06 0 3.23321E-06
166.42 0.001821332 9.65965E-05 9.56862E-05 1.06385E-05
358.13 0.001731318 0.000100408 0.000192283 1.72204E-05 '
502.00 0.001633132 9.83808E-06 0.00029269 1.94423E-05 i
670.25 0.001536728 9.84924E-05 0.000391071 2.14188E-05
€37.58 0.001440439 0.000100473 0.000489564 2.3622E-05
1007.72 0.001339065 9.6624E-05 0.000590037 2.2722E-05
1173.60 0.0012¢2249 9.90025E-05 0.000686661 2.25294E-05
1342.02 0.001145177 9.87972E-05 0.000785663 2.44602E-05
1509.78 0.001047488 0.0001011 0.000884461 2 55686E-05
1677.83 0.000945837 0.000101388 0.000985561 2.50174E-05
0 0
st 24.47 0.000237 1.18755E-05 0 -1.1919€-06 R
156.42 0.000221768 1 17618E-05 1.18755€-05 -4.5482E-06 §
358.13 0.000208043 1.20654€-05 2.36373E-05 -6.5117E-06 :
502.00 2.000195106 1.17533E-05 3.57027E-05 -7.3837E-06 e
670.25 3.000182653 1.17066E-05 4.7456E-05 -8.0833E-06 i
837.58 0.00017632 1.19019€-05 5.91626E-05 -8.3974E-06 s
1007 72 0.000153524 1.14387E-05 7.10646E-05 -8.6039E-06 B
1173.60 0.000147072 1.17211E-05 8.25033E-05 -8.6166E-06
1342.02 (.000135547 1.1694E-05 9.42244E-05 -8.4209€-06 o
1509.78 0.000123709 0.00001194 0.000105918 -8.5645E-06 : ‘
1677.83 0.00011- 648 1.19678E-05 0.000117858 -8.6879€-06 -
i
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sample unses { D € R)
Amount of uranophane added =
Amount of 0.0 M U solution added =
Total sample wt =

Wt of bottle =

Concentrations of components in
stanting solutions

V]

Ca

Si

Sampling data

/
0.5006 g
200.06 g
22817 g
286 g
mgit. molality moles
0 0 0
386.37 0.00964 0.001928578
33.708 0.0012 0.000240072
Elapsed Wt of bottle before Wt of soin before Wt of bottle after
time (hrs}) sampling (g) sampiing (g) sampling (g)
24.50 229.08 199.98 21879
166.42 218.32 189.22 208.28
358.15 207.63 17853 197.30
502.02 196.84 167 74 186.80
670.27 186.20 187 10 176.17
837.60 175.54 146.44 165.55
1007.73 164.87 135.77 155.12
“173.62 154.38 125.28 144.44
©342.03 143.72 114862 133.85
“509.80 133.03 103.93 123.10
1677.85 122.22 93.12 112.28

Calculation of cumulative release {moles of U, Ca, Si released or precipitated as a tunction of time)

Ca

Detined by:

Wt of soin
removed (g)
10.29
10.04
10.33
10.04
10.03
9.99
975
9.94
9.87
993
9.94
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pH U(ppm) Ca(ppm)  Si(ppm)
6.04 0.030 387.97 33.40
6.0€ 0.043 390.38 32.87
5.97 0.060 392.78 32.67
5.95 0.052 394.79 32.61
5.97 0.054 396.39 32.67
5.89 0.055 398.19 32.84
5.90 0.065 400.00 33.03
5.91 0.056 402.40 33.23
5.90 0.057 404.81 33.48
5.89 0.057 408.01 3376
5.92 0.058 411.62 34.07

Cumulative moles reieased = (moles in soln at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soin)

where

Moles in soln at sampling time = (measured molar concentration in sample) * (wt of soin before sampling) / 1000
Moles extracted during sampling = {measured motar concentration in sampie) * (wt of soin removed during sampling) / 1000

Elapsed time

24.50
166.42
558.15
£02.02
€70.27
£37.60
1007.73
1173.62
134203
1509.80
1677.85

24.50
156 42
35815
502 02
67027
8137.60
1€07.73
1173.62
1342.03
1509.80
1677.85

24.50
166.42
3815
502.02
670.27
837.60
1007.73
117362
1342.03
1509.80
1677.85

Moles in soin
at sampling time

2.49974E-08
3.40595E-08
3.74912E-08
3.69027E-08
3.53474€E-08
3.36811E-08
3.16343E-08
2.95658E-08
2.72794E-08
2.49431E-08
2.25349E-08

0.001935801
0.001842997
0.001749588
0.001652233
0001553713
0.001454875
0.001354979
0.001257805
0.001157656
0.001058001
0.000956336

0.000237776
(.000221387
0.00020763
0.000194745
0.000182707
0.000171188
0.000159665
0.000148206
0.000136626
0.000124923
0.000112954

Moles extracted in
Moles extracted all samples removed
during sampling  prior to sampling
Q

1.28625E-09 0
1.8072E-09 1.28625E-09
2.1693E-09 3.09345E-09
2.2088E-09 5.26275E-09
2.25675E-08 7.47155E-09
2.2977E-09 9.7283E-09
2.27175E-09 1.2026€E-08
2.34584E-09 1.42978E-08
2.34906E£-09 1.66436E-08
2.3832€-09 1.89927E-08
2.40548E-09 2.13759€-08
0 0
9.96072E-05 0
9.77896£-05 9.96072E-05
0.0001071234 0.000197397
9.8894E-05 0.000298631
2.91967E-05 0.000397525
9.92506E-05 0.000496722
0.000097305 0.000595972
9.97976E-05 0.000693277
0.00009¢687 0.000793075
0.000101087 0.000892762
0.000102084 0.000993848
0 0
1.22348E-05 0
1.17468€-05 1.22348€-05
1.20138€-05 2.39816E-05
1.16564E-05 3.59954E-05
1.16649E-05 4.76518E-05
1.16783E-05 5.93167E-05
0.000011466 7.0995E-05
1.1759E-05 8.2461E-05
1.1765E-05 9.42201E-05
1.18359E-05 0.000105985
1.20672€-05 0.000117921

Cumuiative moles released

2.49974€£-08
3.53457E-08
4.05846E£-08
4.21654E-08
4.28189E-08
4.34094E-08
4.36603E-08
4.38637E-08
4.3923E-08
4.38357€£-08
4.39107E-08

7.22219E-06
1.40258E-05
1.84065E-05
2.22855E-05
2.26595E-05
2.30185€-05
2.23724E-05
2.25039E-05
2.21523E-05
2.21846E-05
2.1607E-05

-2.28649E-06
-6.45049E-06
-8.4607E-06
-9.33116E-06
-9.71356E-06
-9.56761E-06
-9.41215E-06
-3.40543E-06
-9.22562E-06
-9.16376E-06
-9.19721€-06
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Sample UPEA-1A (P - A) T ey
Amount ot uranophane added = 0.5002 g 3
Amount of matrix solution added = 20016 g -
Total sample wt = 2921 g s
Wt of bottle = 28.54 g
Concentrations of components in !
starting solutions mg/l molality moles .
u 0.295€5916 1.24295E-06 2.48789E-07 “?
Ca ~ 359.02 0.008957477 0.001792929 E
Si 32.14 0001144315 0.000229046 g
Sampling data Elapsed Wt of bottle before Wt of soln before Wt of bottle after Wt of soln .
time (hrs) sampling (g) sampling (g) sampling (g) removed (g) pH U {ppm) Ca(ppm) Si(ppm) T~
2342 229.13 200.09 218.17 10.96 6.07 0.027 358.32 31.66
47.30 218,10 189.06 207.38 10.72 6.04 0.021 357.51 31.35 .
167.75 207.06 178.02 196.80 10.26 5.91 0.030 355.51 30.84
335.60 196 42 167.38 186.43 9.99 592 0.048 355.51 30.73
503.70 186.07 157.03 176.03 10.04 5.92 0.057 356.71 30.78 e
679.23 17563 146.59 165.65 9.98 5.96 0.061 357.51 30.79 ‘
839.50 165.05 136.01 155.05 10.00 595 0.062 358.72 30.81 i
1007 58 154 84 125.80 144 91 993 5.95 0.063 359.52 30.87 :
1175 52 144 78 115.74 134.83 9.95 594 0.064 360.72 30.98
1344 10 134 56 105.52 124.58 9.98 594 0.065 361.52 31.07 -
1512.95 124 31 95.27 11435 9.96 585 0.066 362.72 3118
1680.08 11411 85.07 104.10 10.01 595 0.067 363.93 31.24 S
Calculation of cumulative release (moles of U, Ca, Si released or precipitated as a function of time)
Defined by: Bihaen
Cumulative moles released = (moles in soln al sampling time) + (moles extracted in alt samples removed prior to sampling) - (initial moles in soin)
where
Moles n soln at sampling time = (measured molar concentration in sample) * (wt of soln before sampling) / 1000 o
Moles extracted during sampling = {measured molar concentration in sample) * (wt ot soln removed during sampling) / 1000
r—
Moles extracted in
Moles in soln Moles extracted  all samples removed Cumulative moles released .
£lapsed time at sampling time during sampling prior to sampling
0 0
u 2342 2.301003E-08 1.2604E-09 0 -2.25778E-07 et
47.30 1.70154£-08 9.648E-10 1.2604E-09 -2.30513E-07 '
167.75 2.22525E-08 - 1.2825E-09 2.2252E-09 -2.24311E-07
335.€0 3.3476€E-08 1.998E-09 3.5077E-09 -2.11805E-07 T
503.70 3.76872E-08 2.4096E-09 5.5057E-09 -2.05596E-07
679.23 3.73804E-08 2.5449€-09 7.9153E-09 -2.03493E-07 R
839.50 3.53625E-08 2.6E-09 1.04602E-08 -2.02966E-07
1007.58 3.33369€-08 2.63145E-09 1.30602E-08 -2.02392€E-07
117552 3.12497€-08 2.6865E-09 1.56317E-08 -2.04847¢07
1344.° 0 2.88069E-08 2.72454-09 1.83782E-08 -2.01604E-07
1512.95 2.62945€E-08 2.74896-09 2.11027E-08 -2.013%2e-07
168C.08 2.38195E-08 2 8028E-09 2.38517E-08 -2.01117E-07
0 0
Ca 2342 0.001788803 9.79824E-05 o] -4.12572E-06 s
47 30 0001686413 9.56224E-05 9.79824E-05 -8.53271E-06
167.75 0.001573036 9.10062E-05 0.000193605 -2.02881E-05 o
335.60 0.001484659 8.86113E-05 0.000284611 -2.36587E-05
503.70 0.001397565 8.9356E-05 0.000373222 -2.2141E-05
679.23 0.001307581 8.90216E-05 0.000462578 -2.27692E-05 v
838.50 0.001217288 0.0000895 0.0005518 -2.40409E-05
1007.58 0.001128424 8.90721E-05 0.0006411 -2.34044E-05
117552 0.001041658 8.955E-05 0.000730172 -2 10983E-05
1344.10 0.000951789 9.00196E-05 0.000819722 -2.14179E-05
1512.95 0.000862192 9.0138E-05 0.000909742 -2.09952E-05
1680.08 0.000772434 9.08908E-05 0.00099988 -2.06151E-05
0 0
Si 23.42 0.000225501 1.23513E-05 0 -3.54483E-06
47.30 0.000210991 1.19635€-05 1.23519E-05 -5.70338E-06
167 75 0.000195466 1.12655E-05 2.43154E-05 -9.26485E-06
335 6C 0.000183114 1.09291E-05 3.55809E-05 -1.03516E-05
503 V¢ 0000171948 1.09938E-05 4.651E-05 -1.05884E-05
679 2% 0000160662 1 09381E-05 5.75038E-05 -1.08798E-05 -
839.5C 0 000149203 0.00001097 6.84419E-05 -1.14014E-05
1007 .58 0000138254 1.09131E-05 7.94119€E-05 -1.13802E-05
1175.52 0.000127661 1.09749€E-05 9.03249E-05 -1.10601E-05
1344 10 0.000116705 1.10379E-05 0.0001013 -1.10414E-05
1512.95 0.000105654 1 10456E-05 0.000112338 -1.10542E-05

1680.08 9.45976E-05 1.11311E-05 0.000123383 -1.10651E-05
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Sample UPEAIB P -1 pb

Amount of uranophane added = 0.5004 ¢
Amount of 0.0 M U solution added = 200.16 g
Total sample wt = 22827 g
W1 of bottle = 2859 g
Concentrations of componeris in
starting solutions mg/l molality
u 0.574434443 2.41329€E-06
Ca 367.93 0.00918
Si 32.69675 0.001164
Sampling data Elapsed Wt of bottle before
time (hrs) sampling (g)
23.43 229.19
47.27 218.14
1687.72 20714
33555 196.68
503.72 186.27
679.20 175.79
839.48 165.27
1007.52 155.06
1175.53 144.97
134415 134.81
1512.90 124.39
1680.10 114.19

Calculation of cumulative release (mcles of U, Ca, Si released or precipitated as a function of time)

Defined by:

Wt of sain before

sampling (g)
200.10
189.05
178.05
167.59
157.18
146.70
136.18
125.97
115.88
105.72
95.30
85.10

moies

4.83043E-07
0.001837469
0.000232986

Wt of bottle after

sampling (g)
218.20
207.43
197.09
186.66
176.23
165.79
165.23
145.12
135.05
124.57
114.43
104.24

Wt of saln
removed (g)
10.99
10.71
10.05
10.02
10.04
10.00
10.04
9.94
992
10.24
9.96
9.95

pH
5.97
597
5.85
5.84
583
5.84
5.84
5.84
584
582
5.82
5.83

U (ppm)
0.052
0.033
0.048
0.083
0.090
0.093
0.095
0.096
0.097
0.097
0.098
0.098

Ca (ppm)

366.73
365.93
365.53
365.93
366.73
367.93
369.14
369.54
370.34
37114
371.94
372.74

131

Si (ppm)
32,53
32.30
3202
31.83
31.74
317
31.69
31.69
31.70
31.74
31.80
31.88

Cumulative moies released = (moles in soln at sampling time) + (moles extractad in all samples removed prior to sampling) - (initial moles in soin)

where

Moles in soin at sampling time = (measured molar concentration in sampte) * (wt of soln before sampling) / 1000
Moles extracted during sampling = {(measured molar concentration in sample) * {wt of soln removed during sampling) / 1000

Elapsed time

] 2343
47.27
167.72
33655
503.72
679.20
839.48
1007.52
117553
134415
1512.90
168010

Ca 23.43
47.27
167.72
335.56
503.72
679.20
839.48
1007 52
117553
134415
1512.90
1680.10

Si 2343
4727
167.72
335.55
503.72
679.20
839.48
1007.52
117553
134415
1512.90
1680.10

Moles in soin

at sampling time

4.40219E-08
2.64669E-08
3.56099E-08
5.86564E-08
5.97282E-08
5.72128E-08
5.44718E-08
5.10177E-08
4.72209E-08
4.32393E-08
3.90728E-08
3.49759€E-08

0.001830911
0.001726023
0.001623812
0.001530093
0.001438193
0.001346702
0.001254214

0.00116144
0.001070728
0.000978963
0.00088438
0.000791426

0.000231715
0.000217407
0.000202977
0.000189879
0.000177613
0.000165624
0.000153611
0.000142094
0.00013077
0.000119463
0.000107879
©.6588€E-05

Moles extracted
during sampling
0

2.4178E-09
1.4994E-09
2.01E-09
3.507E-09
3.8152E-09
3.9E-09
4.016E-09
4.0257E-09
4.0424E-09
4.18816€E-09
4.0836E-09
4.08945E-09
0
0.000100559
9.77823E-05
9.1656E-05
9.14826E-05
9.1866E-05
0.0000918
9.24684E-05
9.16468E-05
9.16608E-05
9.48224E-05
9.24288E-05
0.000092535

0
1.27264E-05
1.23165E-05
0.000011457
1.13527E-05
1.13452E-05
0.00001129
1.13251E-05
1.12123E-05
1.11947E-05
1.15712E-05
1.12747€E-05
1.12933E-05

Moles extracted in
all samples removed
prior to sampling

[
2.4178E-09
3.9172€-09
5.9272E-09
9.4342E-09
1.32494E-08
1.71494E-08
2.11654E-08
2.51911E-08
2.92335E-08
3.34217E-08
3.75053€-08
0
0
0.000100553
0.000198341
0.000289997
0.000381479
0.000473345
0.000565145
0.000657614
0.000749261
0.000840921
0.000935744
0.001028173
0
0
1.27264E-05
2.50429€-05
3.64999E-05
4.78526E-05
5.81978E-05
7.04878E-05
8 18129E-05
9.30252E-05
0.00010422
0.000115791
0.000127066

Cumulative moles released

-4.39021E-07
-4.54169€E-07
-4.43516E-07
-4.1848€-07
-4.13881E-07
-4.12581E-07
-4, 11422E-07
-4.1086E-07
-4.10631£-07
-4.1057E-07
-4.105489E-07
-4,10562E-07

-6.55746E-06
-1.08875E-05
-1.53156E-05
-1.7379E-05
-1.77961E-05
-1.74211E-05
-1.81093E-05
-1.84153E-05
-1.74807€-05
-1.75839€-05
-1.73447E-05
-1.78699E-05

-1.2709E-06
-2.8527BE-06
-4.96678E-06

-6.6073E-06
-7.52071E-06
-8.16461E-06
-8.88787E-06
-9.07963E-06
-9.19089E-06
-9.30315E-06
-9.31595E-06
-9.33233E-06
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sampieURSE7A 1) -T A

Amount of uranophane added = 0.5004 g
Amount of 0.0 M U solution added 20004 g
Total sampie wt = 228159
W1 of bottle = 2862 g

Concentrations of components in

starting solutions mg/L molality moles
U 0.022886133 9.61481E-08 1.92335E-08
Ca 387.97 0.00968 0.001936387
Si 34,13086134 0.001215054 0.000243059
Sampling data Elapsed Wt of bottle before Wt of soln before Wt of bottle after Wt of soln
time: (hrs) sampling (g) sampling (g} sampling (g) removed (Q) pH U(ppm) Ca(ppm) Si(ppm)
2475 229.04 199.92 219.07 9.97 6.04 0.050 391.98 .78
166.62 218.53 189.41 208.53 10.00 5.99 0.055 393.99 33.57
358.35 207.84 178.72 197.83 10.01 592 0.057 395.79 33N
502.18 197.33 168.21 187.32 10.01 595 0.058 397.19 33.20
670.48 186.71 157.59 176.69 10.02 593 0.058 398.40 33.18
837.78 176.06 146.94 166.03 10.03 5.86 0.059 400.40 3347
1007.97 165.33 136.21 156.57 9.76 5.86 0.059 402.00 33.28
1173.83 154.82 125.70 144.89 9.93 589 0.060 404.21 33.40
134225 144.26 11514 134.38 9.87 5.87 0.060 406.81 33.57
1510.07 133.60 104.48 123.68 9.92 5.86 0.060 410.02 33.85
1678.15 122.88 93.76 112.90 9.98 5.88 0.060 413.63 3410
Caiculation of cumulative release (moles ol U, Ca, i released or precipitated as a function of time)
Defined by:
Cumulative moles released = {(moles in soin at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soln)
where

Moles in soln at sampling time = (measured molar concentration in sample) * (wt of soln betore sampling) / 1000
Moles extracted during sampling = (measured molar concentration in sampie) * (wt of soln removed during sampling) / 1000

Moles extracted in
Moles in soln Moles extracted all samples removed Cumulative moles released
Elapsed time  at sampling time  during sampling  prior to sampling
0 0

U 24.75 4.19821E-08 2.0937E-09 0 2.27496E-08
1€6.62 4.35642E-08 2.3E-09 2.0937E-09 2.64244E-08
3£8.35 4.28927E-08 2.4024€£-09 4.3937E-09 2.80529E-08
5(2.18 4.07067E-08 2.42242E-09 6.7961E-09 2.82694E-08
£70.48 3.84519€-08 2.44488E-09 9.21852€-09 2.84369E-08
8:7.78 3.61471E-08 2.46738E-09 1.16634E-08 2.85771E-08
1007.97 3.378E-08 2.42048E-09 1.41308E-08 2.86773E-08
1173.83 3.14249€-08 2.4825E-09 1.65513E-08 2.87427E-08
1342.25 2.90152E-08 2.48724E-09 1.90338E-08 2.88155E-08
1510.07 2.64333E-08 2.50976E-09 2.1521E-08 2.87209E-08
1678.15 2.38149E-08 2.53492E-09 2.40308E-08 2.86122£-08

0 0

Ca 2475 0.001¢55214 9.75066E-05 0 1.88265E-05
1€6.62 0.001861896 0.0000983 9.75066E-05 2.30158E-05
3£8.35 0.001764856 9.884B7E-05 0.000195807 2.42755E-05
502.18 0.001666957 9.91991E-05 0.000294655 2.52253E-05
670.48 0.001566441 9.95988E-05 0.000393854 2.39079E-05
8:7.78 0.001467927 0.0001002 0.000493453 2.49927E-05

1007.97 0.001366182 9.78928E-05 0.000593653 2.3448E-05

1173.83 0.00126768 0.000100144 0.000691546 2.2839E-05

1342.25 0.001168667 0.000100181 0.00079169 2.39695E-05

1510.07 0.001068826 0.000101482 0.00089187 2.43094E-05

1678.15 0.000967599 0.000102994 0.000993352 2.45638E-05
o 0

Si 24.75 0.000240303 1.19839€E-05 0 -2.756E-06
166.62 0.000226344 0.00001195 1.19839E-05 -4.73095E-06
3£8.35 0.000211961 1.18719E-05 2.39339€E-05 -7.16398E-06
502.18 0.000198824 1.18318E-05 3.58058€-05 -8.42982E-06
670.48 0.000185956 1.18236E-05 4.76376E-05 -9.46601E-06
857.78 0.000173536 1.18454E-05 5.94612E-05 -1.00625E-05

102797 0.000161272 1.15558E-05 7.13067E-05 -1.04805E-05
1173.83 0.000143457 1.18068E-05 8.28625E-05 -1.074E-05

134225 0.000137592 1.17947E-05 9.46693E-05 -1.07983E-05
1510.07 0.000125898 1.19536E-05 0.000106464 -1.06975E-05
1878.15 0.000113824 1.21157€-05 0.000118418 -1.08177E-06




ppm)
376
157
1.31
20
A5
7
26
40
57
85
10
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Sampie URSE-7TB '\ D - 7 6)

Amount of uranophs 0.5008 g
Amountof 0.0 MU ¢ 200.02 g
Total sampie wt = 22911 g
‘Wt of bottle = 2858 g
Concentratio s of components in
starting solut ons mg/L molality
U 0.022886139 9.61481E-08
Ca 386.37 0.00964
8i 34.21362 0.001218
Sampling data Elapsed Wt of bottle before Wt of soin before
time (hrs) sampling (g) sampling (g}
2477 228.02 199.94
166.62 218.42 189.34
358.37 207.47 178.39
502.20 196.96 167.88
670.50 186.38 157.30
837.80 175.75 146.67
1007.98 165.02 135.94
1173.85 154 50 125.42
1342.27 144.01 114.93
1510.08 133.03 103.95
1678.17 122.41 93.33

Calculation of cumulative release {moles of U, Ca, Si released or precipitated as a function of time)

Defined by:

Cumulative moles released = (moles in soin at sampling time) + (moles extracted in all samples removed prior to sampling) - (initial moles in soln)

where

moles
1.92315E-08
0.001928193
0.000243624

Wt of bottle after
sampling (g)
218.05
208.12
197.47
186.95
176.37
165.74
155.26
144.61
134.15
123.12
112.45

W1 of soin
removed (g)
9.97

10.30
10.00
10.01
=0.01
t0.01
2.76
2.89
9.86
2.91
3.96

pH
6.02
5.98
5.91
5.93
5.93
5.84
5.86
592
5.89
588
5.92

U {ppm) Ca (ppm) Si(ppm)

0.051
0.056
0.060
0.061
0.061
0.062
0.062
0.063
0.063
0.064
0.064

Noles in soin at sampling time = (measured molar concentration in sample) * (wt of soln before sampling) / 1000
Moles extracted during sampling = (measured molar concentration in sample) * (wt of soln removed during sampling) / 1000

Zlapsed time

u 2477
166.62
358.37
502.20
67050
837.80
1007.98
1173.85
134227
1510.08
167817

Ca 2477
166 62
358 37
502.20
670.50
837.80
1007.98
1173.85
134227
1510.08
1678.17

Si 2477
166.62
358.37
502.20
67050
837.80
1007.98
1173.85
1342.27
1510.08
167817

Moles in soin Moles extracted
at sampling time  during sampiing
0

4.29869E-08 2.14355E-09
4.44947E-08 2.4205E-09
4.49541E-08 2.52E-09
4.28092E-08 2.58255E-09
4.05832E-08 2.58258E-09
3.8134E-08 2.6026E-09
3 56161E-08 2.55712E-09
3 31107E-08 2.61096E-09
3.056712E-08 2.62276E-09
2.78584E-08 2.65588E-09
2.51989E-08 2.6892E-09
0
0.001945408 8.70081E-05
0001853631 0.000100837
0.001753566 0.0000983
0001655289 9.863B6E-05
0001557262 9.9099E-05
0001456425 9.93993E-05
0001358848 9.7561E-05
0.0012592089 9.92956E-05
0001159636 9.94874E-05
0.001060282 0.000101082
0 000959424 0.000102389
o]
0000241527 1.20438E-05
0.000224178 1.21952E-05
0000210321t 0.00001179
0.000198265 1.18218€-05
.000186242 1.18518E-05
0.00017439 1.19019E-05
0.000162583 1.1673E-05
0.000151005 1.19076E-05
0.000139179 1.19405€-05
0.000126818 1.20802E-05
0.000114608 1.22309E-05

Moles extracted in
all samples removed
prior to sampling
0

0
2.14355E-08
4.56405E-09
7.08405E-09

9.6366E-09

1.22192E-08
1.48218E-08
1.73789E-08
1.99899E-08
2.26126E-08
2.52685E-08

0

0
9.70081E-05
0.000197845
0.000296145
0.000394844
0.000493943
0.000593342
0.000690803
0.000790199
0.000889686
0.000980768

0
0
1.20438E-05
2.4239E-05
3.6029E-05
4.78508E-05
5.97026E-05
7.16045E-05
8.32775E-05
9.5185E-05
0.000107125
0.000118216

Cumulative moles released

2.3755E-08
2.7407E-08
3.0287E-08
3.0662E-08
3.0988E-08
3.1122E-08
3.1206E-08
3.1258E-08
3.1329E-08
3.1239€-08
3.1236E-08

1.7216E-05
2.2446E-05
2.3218E-05
2.3241E-05
2.3913E-05
2.2°75E-05
2.3997E-05
2.1918E-05
21641E-05
2.1775€-05
2.1999€E-05

-2.0978E-06
-7.403E-06
-9.0645E-06
-9.3301E-06
-9.5313€-06
-9 5321E-06
-9.4366E-06
-9.3422E-06
-9.2601£-06
-9 6809E-06
-9.8004E-06

389.98
392.38
393.99
395.19
396.79
397.99
400.64
402.40
404.41
408.82
412.02

33.93
33.26
33.12
3317
3326
33.40
33.60
33.82
34.02
34.27
34.49

133








