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The Boorum & Pease® Quality Guarantee

The materials and craftsmanship that went into this product are of the finest quality. The pages
are thread sewn, meaning they’re bound to stay bound. The inks are moisture resistant-and will
not smear. And the uniform quality of the paper assures consistent rulings, excellent writing
surface and erasability. If, at any time during normal use, this product does not perform to your

expectations, we will replace it free of charge. Simply write to us:
Boorum & Pease Company
71 Clinton Road, Garden City, NY 11530
Attn; Marketing Services
Any correspondence should include the code number printed at the bottom of this page as well as
the book title stamped at the bottom of the spine.
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One Good Book Deserves Many Others.

Look for the complete line of Boorum & Pease ® Columnar, Journal, and Record books. Custom-
designed books also available by special order. For more information about our Customized
Book Program, contact your office products dealer. See back cover for other books in this series.
Made in U.S.A.
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7
Objectives (20-1402-871) - KTI on Radionuclide Transport (08/22/00) . -
he purpose of the research discussed in this scientific notebook (CNWRA Controlled Copy 365)isto | -
Yocument the results of sorption experiments conducted at CNWRA on behalf of the Radionuclide ‘\ b
Transport KTI. These data are to be used to help provide independent constraints on parameters usedto | p——o
. . . . . ‘ e
simulate radionuclide transport from the proposed repository. Uses of these datamay include parameter | |
determination, process-model calibration, and parameter uncertainty estimation. Computer codes that may | i -
be used include the geochemical codes such as PHREEQC, MINTEQA2, or EQ3/6 or commercial | -
software such as data acquisition software, Microsoft Excel, SigmaPlot, and WordPerfect. As appropriate, " ]
this notebook may include references to previous scientific notebooks for procedures and calibrations. = ';.-:.3
‘ > !
ERET RTINS Blaf e/ BETH - L, 0
Frotoool #o42 L (N U .’”
LAERERT T
Tige: 999,39 )
Bata todes OPH Huclide: MANLA -
Background Subtract: ist Vial "
LW Ui 180 BB )
Region Az 0.0 - 300 TSN PR T - .
 Region B¢ 2.0 - 390 5 L0 18.09
fepign D .0 - 2400 T O B W 1 )
fuench Indicators EIS
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Loincidence Timeinsj: 18 "
Delay Befors Bursiins): Normal
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reagent grade NaHCO3 (lot 936883)

~ concentrated HNO, (lot 983546) -

3// 5/ 99 AT N - HNO,; and NaHCO3 stock solutions at various concentrations -

: i _ r weighing paper/boats -

| /”Wm of Na H(j? / 7z /l/[) R deionized ultrapure water, DH,0 _

| DT B4-009 s Na#(Ty (Lot # 936383) il DI Hrlbn ¥ teflon beaker _.
1 . 4 v 1

\ lazn md | Procedure: -

|

- - - - " =70 . -
g / / ?/ 79 LVBfZ;_{_MM? d’ﬂﬁ (4 ﬁ %W j af PO N A.  Prepare separate 50 ppb U solutions for sorption experiments. '

. On the Metler balance, weigh 100 g of 500 ppb U stock solution into a tared 1000 ml FEP
bottle.

Experimental Procedure for experiment - U sorption onto clinoptilolite

20 . Dilute to a total of 1000 g using degassed 0.1m NaNOj, stock solution.

at pCO, = . Cap and label bottle accordingly.

Objective: To investigate the characteristics of U sorption onto clinoptilolite th pCO,*? as a function of B. Transfer (2,14 x 107 ) 50 ppb %°U stock solution to experimental containers.
pH.

7 ml scintillation vials

!
| - 4 . Label 24 polycarbonate centrifuge tubes (40 ml capacity) CU-pCO,- pHi (where i is the
— Initial conditions: - ZU:_ 50 PPb (12.14bx 10 'til 0. of 2.0 approximate pH of each solution, see Table CU-pCO,). )
I - containers in glove box with pCO, of -2. . -
r—-—--- -pH Tange 3'10'9'0_ 35 ml . Label 1 polycarbonate centrifuge tube CU- pCO,-IU.
F“”"‘" ) solut1orfl V(i'lcllmle' B t'lrr;'t — 0700 . Weigh and record the weight of each container. —
| i ﬁ?i; i) 2800 1¢ ciinoptiolite =1./80 8 . About 840 ml of *’U solution will be required for this experiment. S
{ ) =20 g/L . Add ~35 g of the 50 ppb ***U stock solution to each container.
) . o Note: the stock solution should be transferred to a teflon beaker for easier
I Equipment:  Orion 920A pH meter and combination pH electrode _ il .
“ : hak dispensing into the sample containers.
— gi’r ato:)y shaker . Record weight of each container.
L ove box . —-—
‘1 i}lzl;;ixaﬁfégg irlldKI:fEnZt::(J)ﬂﬁiances _C. Add clinoptilolite to sample containers. S
‘ ;
| PaCk?Id 2500 .TR/‘A_‘B LSC : . Add ~0.700 g of clinoptilolite to each sample container. Do not add clinoptilolite to the
— Eppendorf mlcroplpe.tters and tips g CU-pCO,: TU container, , —
;*“"" ngQrdtflpitte: andf:rpz ¢ scintillation cocktail i . Record weight of each sample container after addition of clinoptilolite.
, epipettor for trans IS v | _
A Suopli D. Adjust pH of each solution by adding HNO, or NaHCO?3. —
L upplies:
—— 100/2023£ract10nkcllrioptllohte in Na-form . Add the volume of HNO; or NaHCO3 to each experimental container as listed in Table
o SOlppb b U ftoc fo futlortl bes with caps (40 ml capacity) CU-pCO,. Take care to add HNO; or NaHCO3 in the concentrations specified in Table
S polycarbonate centrifuge tubes CU-pCO ' —
~ : . . . pLUs.
e pgiprlf’fpylerie centrifuge tubes with caps (40 ml capacity) «  Forsample CU-pCO,-TU add 100 4l of 50/50 V/V HNO, to the sample container. —
I ‘ II)Jlt' N eGr Slcc)l 1111231:5 scintillation cocktail . Weigh and record the weight of each sample container. —
ima-Go i




Sample CU-pCO,-IU for initial [U].

Label two 7 ml LSC vials as CU-pCO,-IUa and CU-pCO,-IUb.

Add 0.5 ml of 0.02 M HNO, to each vial.

Record weight of each vial.

Transfer 0.5 ml of solution from CU-pCO,-U-IU to each sample vial.

Record weight of each vial.

Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting.
Record weight of container CU-pCO,-IU

Wait for equilibrium.

Place caps on sample containers but do not tighten the caps.
Place containers inside the glove box maintained at ~ 10,000 ppm CO, atmosphere.

Place containers on gyratory shaker set at about 120 rpm and allow samples to equilibrate

for at least 10 days.

Sample experimental solutions for [U] and pH.

For each sample solution label two 7 ml LSC vials (e.g., CU-pCO,-pH3a and CU-pCO,-
pH3b).

Add 0.5 ml of 0.02 M HNO, to each vial.
Record weight of each vial.
Record weight of each sample container.

From each sample container withdraw two 0.5 ml aliquots of solution and transfer to the
appropriately labeled LSC vials.
Record weight of each vial.

Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting.v
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Sample Name

Original Container wt., g

=

-

c oS CC e a0 o CE OO ™

Gﬁl-pH 3.0 22.0207
&J-pH 3.5 22.2107
!@-pH 4.0 22.3910
qfu-pH 4.25 22.4051
-pH 4.5 22.0088
-pH4.75 22.3455
J-pH 5.0 22.1068
-pH 5.25 22.0049
U-pH 5.5 22.0712
@U-pH 5.75 22.0179
%U-pH 6.0 22.3347
é{%U-pH 6.25 22.3474
-pH 6.5 22.0040
@U-pH 6.75 22.2165
AU-pH 7.0 22.0564
,g‘zu-pH 7.25 22.2425
@U-pH 7.5 22.0325
QU-pH 7.75 21.9862
@U-pH 8.0 22.3920
dU-pH 8.25 21.9862
U-pH 8.5 22.3447
U-pH 8.75 22.0748
Bu-pH 9.0 22:2881
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OO“““““(\’“W“““ COCCOC OO 0T

v - Tl . 7. 3747 7- 9235
(V- TUp 50";4‘ 7. 2940 77977
(V- ZVe U 7. 8476 3 - 3496
CJ —2LVd 7. 8939 g .39572

Sample Name

soln., g

Wt. Of Container + clinoptilolite + U

QU-pH 3.0 57.7298
DU-pH 3.5 57.9170
DU-pH 4.0 58.0868
U-pH 4.25 58.0977
QU-pH 4.5 57.7093
QU-pH4.75 58.0516
QU-pH 5.0 57.8142
DU-pH 5.25 57.7167
QU-pH 5.5 57.7767
DU-pH 5.75 57.7278
QU-pH 6.0 58.0436
QU-pH 6.25 58.0546
U-pH 6.5 57.7148
QU-pH 6.75 57.9243
bU-pH 7.0 57.7583
DU-pH 7.25 57.9432
U-pH 7.5 57.7338
U-pH 7.75 57.6925
QU-pH 8.0 58.0903
QU-pH 8.25 57.6843
QU-pH 8.5 58.0423
QU-pH 8.75 57.7854
gbu -pH 9.0 57.9863
-y, T/ 57. 033

9

[ TR S |

S

(U=PCO72-LVs 7 78254 X~g—2—3§ 2:3/7)
(U-PCO - TUp %Q\\. ) 7" 2377mw7-—7$9—7 gy ~33/)
(U -0z -2 Ve %\ﬂwwﬁ 789327 g . 368
- PO, - TV 7-“—%?’9 7-852Y4 g 358 3
A /], Sample Name Wt. Of container + U-soln, g
(C |Qu-pH 3.0 57.0299
( |QupH3s 57.216
¢ |qu-pH4.0 57.3865
(.|QU-pH 4.25 57.3974
C du-pH 45 57.0091
( |QU-pH4.75 57.3508
C du-pH 5.0 57.1133
W@ C |qu-pH 5.25 57.0159
a® -
U-pH 5.5 57.0760
%\ ‘é QU-pH 5.75 57.0261
¢ |Qu-pHe.0 57.3434
¢ |Qu-pH 6.25 57.3529
C |l-pH 65 57.0138
c. |qu-pH6.75 57.2228
C |QU-pH 7.0 57.0568
¢ |Qu-pH7.25  57.2422
C- [QU-pH7.5 57.0335
C |Qu-pH 7.75 56.9910
C |Qu-pH 8.0 57.3894
C JU-pH 8.25 56.9834
¢ |du-pH 8.5 57.3415
C |Qu-pH8.75 57.0845
C |U-pH 9.0 57.2852
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| —g/29/f7
pH adjustments for a 2.1x10-7 U solution (50 ppb) at a PCO2 of 10-2 atm. Solution volume rw Container Wt. After additions of
s 36 mle . r Sample Name HNO3 and NaHCO3., g
8/p0/17 — 40
Sample pH Amount of HNO3 to add Molarity of HNO3 [ C NU-pH 3.0 58.1219
2.5 013 joprid #/0 1.0
V) 507 - iy C |QU-pH 35 58.0167
3 ;)01;,”) 0,39/_@3929%3‘ D4 LI : ¢ |QU-pH 4.0 58.1122
325 VA gulyp021 zpsr7?pc 0.1 C|Qu-pH 4.25 58.1972
' P 410 A1 : . .
35 | 0.1 224/ 0 —— ( |hupHas 58.0487
3.75 A 0.08 0.05 - C bu-pH4.75 58.3006
| 0 «
4 003 <227/ 0.05 e "QU-pH 5.0 58.1171
ity of NaHCO3
Amount of NaHCO3 to add Molari zzosa ¢ lau-pH5.25 58.1033
4.95 01 02 : ¢ |QU-pH 5.5 58.2772
45 034 )74 2043 0.005 " C |du-pH 575 57.8659
-0 . .
4.75 025 2 0.01 C |du-pH 6.0 58.24
5 0.31 2 F/P 0.01 :  Cldu-pHe2s 58.3722
525 039 222 4P 02D 0.01 *‘ C {Qu-pH 6.5 57.9759
5.5 0.5 527 0.01 C |Qu-pH 6.75 58.4766
, Y
5.75 014 e 7207 24 005 ¢ |QU-pH 7.0 57.9206
5 02 207 0.05 ‘5 C |QU-pH 7.25 58.2131
05 ‘- «
6.25 0.32_3e2/20 0.05 C_|qu-pH 75 58.2323
6.5 0.26 2 z2ASPH/0 0.1 C |QU-pH 7.75 58.1471
6.75 045 zowrt20?7 5D 01 ¢ |QU-pH 8.0 58.9141
; | 016 /2 # 57 £/0 0.5 C |fu-pH 8.25 58.938
7.25 0.27 zo% 750722 0.5 ¢ lhu-pH 8.5 59.8159
75 0.49 ;50110042072 0.5 (' IQU-pH 8.75 59.8839
7.75 0.44 20410010+ 0 1.0 ‘ © ( |Qu-pH 9.0  59.181
0.79 S0 1250 4urdh 1.0 T
8 $ is_p : : (V-2 70 _ ()’v’f?\lzzloo ?‘7 57 /547 5 7
8.25 0.3 ) V04 100952 #40 26 /0 (ko 1V ol dhmdlirg 56 I68C o 4 z %
8.5 1.39 R DL 2.0 825/79| AT 4 J = _55:-/58%
A .
e L2 — = PH__adpuabirerts fw  PH S0 £ P Qo ginpleo
, Vo dddiTmd i 5 7 7
9 2.5 . : p 1\\ 3\ 5\.25/1’) /
IV O e’ 5050 H V03 ] 4y~ PH5-0 sge il of o O/ Hpls  OALd
g Qu=prry " 2500 o 10 M Ail)s cded
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Region $.8 - 2600 Sample Name wt. of vial wt. Of vial + sample
- Q€U -pH 3a 7.8805 8.3741
- crPm QE0Y -pH 3b 7.8812 8.376
_____ @E0U--pH 3.5a 7.8632 8.3600
; QCOU-pH 3.5b 7.8290 8.3271
— QCOU--pH 4a 7.8015 8.2945
— QEe0U--pH 4b 7.8503 8.3444
- QG0Y--pH 4.25a 7.8218 8.3173
_ [QcouY--pH 4.25b 7.8573 8.3530
- QCOU-pH 4.5a 7.8882 8.3813
— QCOU-pH 4.5b 7.7624 8.2593
- : QE6Y-pH 4.75a 7.8134 8.3043
| Sl SO 0E BEE, B QGOY-pH 4.75b 7.8863 8.3758
AT I Container wt. before 9 // /7 Contai-ner wt. after *’“‘W C‘/ QGHY-pH 5a 7.8066 8.3064
/2 sampling & pH (7 |sampling&pH  7/5/ | QCOU-pH 5b 7.8545 8.35
i 7 I
1 Sample Name measurements, g Measured pH measurements, g C(} QGCHY-pH 5.252 7 8358 8.3313
| ' QGEY)-pH 5.25b 7.8687 8.359
o ] ,
| N hupH a0 57 6697 3.44 56.6395 p——— ({) |@C8Y-pH 5.5a 7.8831 8.3786
: & 56.3619 T ) |QS6Y-pH 5.5 7.7969 8.2959
¢ [eH3S 273857 1.32 ' — (V|acedpH 5.753 7.8547 8.3536
| QU-pH 4.0 57.6038 4.93 96.5738 QCOY-pH 5.75b 7.8653 8.3642
S A I p
; - |QU-pH 4.25 57.8161 5.21 56.7928 ] W QE0Y-pH 6a 7.8170 8.3149
L Y LY esegoH 6b 7.8380 8.3357
(. |hupHas 57.6931 5.28 56.6809 » &\ C oo 6.5 T ETEr
| [ |RU-pHA75 58.0218 5.30 57.0006 ' %{6 (U |ace8-pH 6250 7.8377 8.3311
| . U-pH 5.0 57.9242 2.57 56.9018 % C ) |&€8-pH 6.52 7.8776 83724
U9 525 57,7601 150 (Vlasauarers e i
-pH 6.75a . .
QU-pH 5.5 57.4417 561 26.3912 (/| @€8YpH 6.750 7.8552 8.3496
QU-pH 5.75 57.4072 5.69 56.3747 0 Q@E0U-pH 7a 7 8580 8.3504
QU-pH 6.0 57.3519 5.82 56.3209 1 o QCoY-pH 7b 7.7722 8.2677
QU-pH 6.25 57.9938 6.04 56.9715 J Qea'd:gl;: ;ggz ;.gggj 88527195
QU-pH 6.5 57.6326 6.32 56.5926 ( |Qceu-pH 7 5a 7.8658 8.3624
QU-pH 6.75 58.1275 6.63 57.1070 C QGHY-pH 7.5b 7.8345 8.3278
UpH 7.0 57,4453 2 42 - =i T s
QU-pH 7.25 57.6008 7.05 56.5730 — oV QGGU_SH = —e974 53574
QU-pH 7.5 57.8420 7.31 56.8153 — (V[acsupH 8b 7986 8.0945
QU-pH 7.75 57.6342 7.60 56.6440 — () |§66t-pH 8.25a 7.7832 8.2761
L =pH 8.25b 7.8377 8.3336
- 52 7.78 57.4798 ‘ GO
QU-pH 8.0 58.5238 . | w ©£80-pH 8.5a 7.8743 8.3708
;----—----~C qﬂu-pH 8.25 58.6242 7.88 ) 57.5840 — Cl) QGOU-DH 8.5b 54T 5 3505
“*“——C SbU-pH 8.5 59.5782 8.12 58.5558 e g«f QCQU-pH 8.75a 7.8844 8.3791
— Y bu-pH 8.75 59.4773 8.19 58.4301 — QQO-U-P: g-75b ;22;3 2-222;
! QCEY-pH 9a . .
, 1646
**“”““_C QU-pH 9.0 99,181 213 28 — CUlacau-pH ob 7.7719 8.2336
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Experimental Procedure for experiment uncapped U-233 sorption onto quartz at 25° C.
Objective: To investigate the characteristics of U sorption onto quartz as a function of pH.

- YU = 50 ppb [2.1x107 molal]
- equilibrium with above atmospheric CO,(g); pCO, = 10%°
- pH range 2.5-9.0
- solution volume = 35 ml
- mass of solid=1.000 g
-M/V =28.57

Initial conditions:

Orion 920A pH meter and combination pH electrode
Gyratory shaker

Fisher Marathon 21K centrifuge

Mettler PM4600 and AE240 balances

Packard 2500 TR/AB LSC

Eppendorf micropipetters and tips

Oxford pipettes and tips

Repipettor for transfer of scintillation cocktail

Equipment:

Supplies: quartz (W510*<325 mesh*UC*RC*RFe*HL)

2.1x10% m »3U stock solution (spike 28A)

0.1M NaNO, matrix to dilute spike 28A
polycarbonate centrifuge tubes with caps (40 ml capacity)
polypropylene centrifuge tubes with caps (40 ml capacity)
pH buffer solutions
Ultima-Gold liquid scintillation cocktail
7 ml scintillation vials
reagent grade NaHCO, (lot 936883)
concentrated HNO; (lot 983546)

HNO, and NaHCO, stock solutions at various concentrations e
weighing paper/boats
deionized ultrapure water, DH,0 -
teflon beaker —-
Procedure: -
A. Prepare separate 50 ppb U solutions for sorption experiments. -
4. On the Metler balance, weigh 200g of 500 ppb U stock solution into a tared 2000 ml FEP bottle. .
5. Dilute to a total of 2000g using 0.1m NaNO, stock solution.
6. Cap and label bottle accordingly. -
B. Transfer ( 2.14 x 10 7 ) 50 ppb 2*U stock solution to experimental containers. -
a. Label 24 polycarbonate centrifuge tubes (40 ml capacity) QU-pHi (where i is the approximate pH of each solution,
see Table QU).
b. Label 1 polycarbonate centrifuge tube QU-TU. -
c. Weigh and record the weight of each container.
d. About 900ml of 2*U solution will be required for this experiment. --
e. Add ~35 g of the 50 ppb U stock solution to each container. Note: the stock solution should be transferred 10 a
Teflon beaker for easier dispensing into the sample containers. ’ -
f. Record weight of each container. _
C. Add quartz to sample containers. -
. Add ~1.00 g of quartz to each sample container. Do not add quartz to the QU-IU container. -
. Record weight of each sample container after addition of quartz .

D. Adjust pH of each solution by adding HNO, or NaHCO3. ) ’ -

. Add the volume of HNO, or Nah.)3 to each experimental container as listed in Table QU20. Take care to add HNO; -
or NaHCO?3 in the concentrations specified in Table QU20.




G.

L

For sample QU-IU (as listed in Table QU20) add 100 1 of 50/50 V/V HNO; to the sample container.
Weigh and record the weight of each sample container.

Sample QU20-1U for initial [U}.

Label two 7 ml LSC vials as QU-IUa and QU-1Ub.

Add 0.5 ml of 0.02 M HNO,; to each vial.

Record weight of each vial.

Transfer 0.5 ml of solution from QU-IU to each sample vial.

Record weight of each vial.

Add 5 m! of Ultima-Gold cocktail to each vial, mix, and set aside for counting.
Record weight of container QU-TU.

Wait for equilibrium.

Place caps on sample containers but do not tighten. Leave caps loose so that solutions can equilibrate with CO2 rich
atmosphere.

Place containers on gyratory shaker set at about 120 rpm and allow samples to equilibrate with CO2 rich atmosphere
for at least 10 days.

Sample experimental solutions for [U] and pH.

For each sample solution label two 7 mi LSC vials (e.g..QU-pH3a and QU-pH3b).

Add 0.5 mt of 0.02 M HNO,; to each vial.

Record weight of each vial.

Record weight of each sample container.

Measure pH of each experimental solution.

From each sample container withdraw two 0.5 ml aliquots of solution and transfer to the appropriately labeled LSC
vials.

Record weight of each vial.

Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting.

Record weight of each sample container after pH measurement and sampling for LSC counting.

Transfer quartz for desorption.

Record weight of sample containers. Note: this step can be skipped if the quartz transfer is done immediately after
the last step in section G..

For each sample container, label a corresponding polypropylene (PP) test tube (50 ml capacity) (e.g., QUd-pH3 for
sample contaiper QUd-pH3).

Record weight of PP test tubes.

Using an Eppendorf or Oxford pipette, withdraw clinoptilolite from the polycarbonate sample containers and
transfer to the corresponding PP test tubes.

Record weights of sample containers and PP test tubes.

Add approximately 3 ml of 0.1 M HNO; to both experimental containers and PP test tubes and mix thoroughly.
Record weights of sample containers and PP test tubes.

Place sample containers and PP test tubes on gyratory shaker (at about 120 rpm) and allow to desorb for at least 10
days.

Sample solutions for [U].

For each sample container and PP test tube label two 7 ml LSC vials (e.g., QU-pH3a and QU-pH3b).
Add 0.5 ml of 0.02 M HNO; to each vial.

Record weight of each vial.

Record weight of each sample container and PP test tube.

From each sample container and PP test tube withdraw two 0.5 ml! aligouts of solution and transfer to the
appropriately labeled LSC vials.

Record weight of each vial.

Add 5 ml of Ultira-Gold cocktail to each vial, mix, and set aside for counting.

Record weight of each sample container and PP test tube.
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~— Table QU: Estimated solution pH and volumes of HNO3 or NaHCO3 solutions needed s 1o /g / 99 0T
_ for adjustment of pH in 0.1 m NaNO3 solutions with 50 ppb U in contact with g/clinoz (35 ml) 7"/
| 7 pig;?s i Heavy oéouo/ o(wwzi/ Leboa oo _on CDV% 160 oy *- RC
| Estimated solution pH |Volume of HNO3 added, ml Molarity of HNO3 to use 1 XK ;44 W#ﬁ 7%& e @0 266 / _
| 2 0.421 1 oy o
. : . 1
; - 22?55 _8_?2? - 1 ; _ /’/ﬂmﬁan % A’P/@M/ éa i olo & Aedsved f 3
— 2.75 0.072 1 zgéh y
— 3 P ¢l - 6394 040 1 ot B A L ud MMW%/ 2-9672 Z/cc
— 3.25 0.209 T 04 - /Vw’v”’j %@WM b = Jlcc
| 3.5 - 0.106 0.1 - 2% ”@?’%‘// ; = Q- 93745 ,:;// C
3.75 0.047 0.1 e T @0{ Mmmm = /50 m{,
] 4 - 0.071 0.02 g 2 Volurre 3 M-V dimethigl fo WOM&& = 0D
Estimated solution pH |Volume of NaHCO3 added, ml Molarity of NaHCO3 to use 4 J 7
- 4.25 0.084 0.005 V= Vu Gh -Cx
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—— 4.75 0.205 0.01 2.2
e 5 0.239 0.01 — :
— 5.25 0.260 0.01 Ve = [2.9672 - 2:2 ) x [Somd
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6 0.300 0.01 Vo — [E°6672Z \jsp
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— - 5106 505 - 7229 »d ,90// VW d/maﬂdg/( /Amwu;l
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— 75 0.214 0.05 /’30 Lo W-W dymatbsl frprramicle  woo mued B
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. U V4
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| 8.5 0.174 0.5
— 8.75 - 0.160 1 ;
—— 5 0.305 Rpmeve/ M /”Wﬁfd éc/ 7{644/1/ m/aé p/ww/é/ WM,
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Y-Lw, PH. 725 56 4746 /8-5809 :W rocedure W
o — e
V-Plr. 75 56. 38 4 7 -/ Z - /3 3 7 o A Prepare separate 50 ppb U solutions for sorption experiments. R—
- pm - 7.75 . : e . On the Metler balance, weigh 100 g of 500 ppb U stock solution into a tared 1000 ml FEP bottle. o
d 2 z 5676 3 1 /7-8166 E I . Dilute to a total of 1000 g using 0.1m NaNO, stock solution.
AU-PlY)> 80 s 6 905 g /8 /2 77 . Cap and label bottle accordingly. e —
—
Pty §25 6.533 7 - -
% ) 2 , g ) 5339 ‘ 17- 8199 P Transfer (2.14 x 10 7 ) 50 ppb U stock solution to experimental containers.
Qv-Ptd, o -] 5. 6430 [7- 8 7 3 [ . o . Label 24 polycarbonate centrifuge tubes (50 ml capacity) QC20U-HCO2-pHi (where i is the —
ﬂd—- /o(ﬂz : g 75 5, 6 . 63 & 7 / g 02 6 9 approximate pH of each soll}tion, see Table CQU). o
Lo . Label 1 polycarbonate centrifuge tube QC20U-HC02-1U.
; \ ‘ ' . Weigh and record the weight of each container. e
. . . ixed mi Is (clinoptilolite and IR . About 1L of **U solution will be required for this experiment. o
/ / Experimental Procedure for experiment - U sorption on mixed minerals (chnopti L"‘*JWW . Add ~35 g of the 50 ppb *3U stock solution to each container. Note: the stock solution should be
; quartz) at 25° C. ‘ — transferred to a teflon beaker for easier dispensing into the sample containers. E—
. Record weight of each container. _—
‘ Objective: To investigate the characteristics of U sorption on the mixture of clinoptilolite and quartz as a I
. function of pH at higher than atmospheric CO,(g). I C. Add quartz to sample containers. e
— Initial conditions: - YU = 50 ppb (2,14 x 107 ) A S —— . Add ~'1.000 g of quartz to each sample container. Do not add quartz to the QC20U-HCO2-IU T
o - equilibrium with atmospheric CO,(g); pCO, = 102° I container. -
‘ - pH range 4.0-9.5 . Record weight of each sample container after addition of quartz .
prm———— . o
| - solution volume = 35 ml . o
| _ mass of solid 1, quartz = 1.000 g D. Add clinoptilolite to sample containers. e
L - mass of solid 2, clinoptilolite = 0.700 g _ o .
: ] = 28.57 o/L. . Add ~0.700 g of clinoptilolite to each sample container. Do not add clinoptilolite to the QC20U-
S— HCO2-IU container. -
Equipment: Orion 920A pH meter and combination pH electrode * Record weight of each sample container after addition of clinoptilolite. -
Gyratory shaker T . ) )
e —— Fisher Marathon 21K centrifuge | E.  Adjust pH of each solution by adding HNO, or NaHCO3. —
’ Mettler PM4600 and AE240 balances 1 .
1 Packard 2500 TR/AB LSC . Add the volume of HNO, or NaHCO, to each experimental container as listed in Table QCU. Take
e Eppendorf micropipetters and tips care to add HNO, or NaHCO, in the concentrations specified in Table QCU. —
e Oxford pipettes and tips . For sa}mple QC20U-HCO2-IU (not listed in Table CQU) add 100 ul of 50/50 V/V HNO,; to the sample
Repipettor for transfer of scintillation cocktail : container.
B ——— Glove box w! . Weigh and record the weight of each sample container. —
I CO,(g) cylinder " ‘ o —
; | ; F. Sample QC20U-HCO2-1U for initial {U].
""" Supplies: CDV*100/200*RC*RFe*HL *Naf ' . -
- W510*<325*RC*RFe*HL : . Label two 7 ml LSC vials asQC20U-HCO2-IUa and QC20U-HCO2-TUb. —
50 ppb 233U stock solution . Add 0.5 ml of 0.02 M I‘INO3 to each vial.
\ - polycarbonate centrifuge tubes with caps (50 ml capacity) — : Record weight of each vial. —
| ' polypropylene centrifuge tubes with caps (50 ml capacity) . Transfer 0.5 ml of solution from QC20-HCO2-IU to each sample vial. —
pH buffer solutions . Record weight of each vial.
Ultima-Gold liquid scintillation cocktail ! . Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting. R
i B 7 ml seintillation vials i . Record weight of container QC20U-HCO2-IU ——
‘ reagent grade NaHCO, (lot 936883) ! — . o
——— concentrated HNO, (lot 983546) ' ot G Waitfor equilibrium. m
S —— HNO, and NaHCO, stock solutions at various concentrations ‘ i . —
: weighing paper/boats : . Place caps on sample containers but do not tighten. Leave caps loose so that solutions can
1 deionized ultrapure water, DH,0 MMM equilibrate ‘fVlth CO,(®). "
e teflon beaker | . Place containers on gyratory shaker set at about 120 rpm and allow samples to equilibrate with —

CO,(g) for at least 10 days.



f
U-solution (e.g., QC20Ud-HCo2-pH3 for sample container QC20Ud-HCO2-pH3).
. Record weight for both set of of PP test tubes. .
. Add 3.0 ml of 0.1M HNO3 to 50 ml PP tubes labeled as QC20Ud-HCO2-pH. | s 9 yva M (9/ WQ/ ru&/ Y 8% (gnfales
P 1/10
. our supernatant from PC containers into corressponding PP tubes leaving behind about Sml in - NE— 7 / = 5
PCcontainer with quartz. W ng) » Z ¢ :
. IVortex'the PC containers to suspend all the. solid. . é? C20U - /%0) PH D5 22. 33 / z/ 57 3493 7
. mmediately transfer all the solid and solution to the corressponding PP tubes marked as QC20Ud- "
HCO2-pH. Qc20v- A0, 30 2202492 57:0%53
. Transfer supernatant from the first PP tubes back to original PC containers. — Q2 00-HE, 35 22050/ 57-0597
. Record weights of sample containers and PP test tubes. — e q 7o / 79 6
¢ Add approximately 3 ml of 0.1 M HNO, to both experimental containers and PP test tubes and mix — C2oV-Hifa bo 22-191/7 )
thoroughly. (200 - (D2 %25 22-/233 57-/32]
. Add 3.0 ml of 0.1M HNO3 to PP tubes containing the solid. Note: Keep track of the tube weights. =} 7" 5 2222 57. 2 oy
. Record weights of sample containers and both set of PP test tubes. 2oy — H(0, 6 a
. Place sample containers and PP test tubes on gyratory shaker (at about 120 rpm) and allow to a 0 200) — {02 4., 75 222825 57 29245
desorb for at least 10 days. B o '
QC 20U = H (D2 50 22- 394/ 57 3395
e ,
L Sample solutions for [U] - Srap)-H(0s 525 222742 572876
. ample solutions for [U]. S s , 120 ?
. Focr1 3&2 ;%?p;fccggtalﬁgg )and PP test tube label two 7 ml LSC vials (e.g., QC20Ud-HCo2-pH3a ] Oc 20U HID- 575 o2.0]/0 o %3? ‘;‘(,\‘DD 57-0/82
an P BN s e ,
. Add 0.5 ml of 0.02 M HNOj to each vial. | (200 = H(02 6-0 22- 32587 573277
. Record weight of each vial. N 70 1) - H{02 625 22-2/39% 57202/
. Record weight of each sample container and PP test tube. / W) Bf
. From each sample container and PP test tube withdraw two 0.5 ml aliqouts of solution and transfer QL 20l — H( Do 6:5 22:/324 1P “iois 4
E) the Cailpprf)p;iat;aly lalllbqe;i LSC vials. v 201 —H (0> 6-75 22 2826 A 57- 2762
. ecord weight of each vial. ‘ i . o 20
o Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting. AL 201/ “H(> 7 0 22- 20 / ? 5 7 Z 7 él
. Record weight of each sample container and PP test tube. 1Cz0U —#(0, 725 22 - ﬁ 159 7 \%\‘% V) 57 /5 99’
H. Sample experimental solutions for [U] and pH. Dol —H(O2 75 225232 57522 7
' — 7.75 220833 57-099/5
. For each sample solution label two 7 ml LSC vials (e.g., QC20U-HCO2-pH2.5a and QC20U-HCO2- Q/' 200 =02 75 3?;__ 56 9 Lz z
pH2.5b). Voot —H(bz 30 2/ i
. Add0.5m].ofO.OZMHI'\IO3toeachV1al. | 07 20U —H(0x 9.75 2/ 9557 56 2630
. Record weight of each vial. , ' —
. Record weight of each sample container. ‘ RC2oY-1H(02 g-5 22-3709 57 3903
. From ea.ch sample container.withdraw two 0.5 ml aliquots of solution and transfer to the : | 0C200-H17) 7 P Y g 75 22 365 7 57 37 f g
appropriately labeled LSC vials. 5 ; 2 57/ 7 7
. Record weight of each vial. . Bc200-H( 02 — T U 22 / 6 g %
. Add 5 ml of Ultima-Gold cocktail to each vial, mix, and set aside for counting. |
. Record weight of each sample container. ‘ ; )
. Measure pH of each experimental solution. ; ,.2&06 vieS pt VI ol # W
. Record weight of each sample container after pH measurement. T I / I / 99 %/ 7 7. 7g 02 g’ , 2 g 23 , {
{ L. >
— Transfer mixture of quartz and clinoptilolite for desorption. ! .é//élk(’ - b 7 g ?/ 5] 8- 3 92? D % ‘I L"! ll 66
. Record weight of sample containers. Note: this step can be skipped if the solid transfer is done —*
immediately after the last step in section H. f L2000~ H 0, 7 W 7 73 7/ o 2% Z 2 (}
. Centrifuge polycarbonate containers containing experimental solutions at 10,000 rpm for 15 min to ! i?ﬂw//‘f(ﬁ 5 T // f 7, 747 ? g, ;_7__% 2524
-
remove fine particles from suspension. : ‘ & e
. For each sample container, label a corresponding polypropylene (PP) test tube (50 ml capacity) for L Lot _o4te W/\ﬂ’(//(\/ﬂ
transfering solid(e.g., QC20Ud-HC)2-pH3 for sample container QC20Ud-HCO2-pH3). B(26U-H( 0 . 7/‘(/ ﬁ/ 2 / g 9 3 (‘7
. For each sample container, label a corresponding polypropylene (PP) test tube (50 ml capacity) for ™ B .
| m;cm eyiibials Aud TOORYS DATE M;eﬂ gﬂ-;
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' Seonple 7 Vooln £/ Iywel = 5%% W [ %@Ww 5900 — 334552 = J. 09589,
. ; , W SE & (liak /pé/ﬁ = 199 Mg ’
TR S5 0032 Ry 1 @ (o & fde cww mé/&/ — 3%.03 7‘/ : :
BCzov- Hig, 3.0 57 7477 5%. 7496 ) S - LA 7 " OulGadded AL7vple = 3‘/’/70/(/7 :
0 (20U~ H(D, 35 57. 76/ ~¢.3¢77 - W@ MW& = ’g;' /70 |
Qczov - Hlz 10 57.8962 588947 I — - [ 0”?;; 2
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