Alpha Spectrometry
of |
Nopal | Samples

308 --- Q200408170027

Technical Activity Supporting Documentation:
Experimental Data for Alpha Spectrometry of
Nopal | Samples (01/03/1995 through
02/16/1995)



NOPI-209b

.’1"

FILENAME= NP20SU.CHN

&\Q 1 U and Th Isotope Activities

Sample # NOPI-209

NP209TH.CHN

Sep. date | 1/23/95

Analyst . JOP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g)  (dpm/g) of spike ref. and sep. (dpm/g)
[ 0.4403 | 1.0036 454.83 | 1/22/93 | 731 | 446.15055] Th-228/U-232=| 0.5817043
Counting time for Th=] 957.16 (mins.) Counting time for U=] 1156.61 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.997689 CF for U-232=] 1.0023162
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
[ 181 | 22423 | 10973 | 1514 | 447 | 581 | 560 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 | 8 | 17 | 26 | 6 | 6 | 10 ||
Th-232* Th-230" Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[177 T 22415 [10725.332] 1488 | 441 | 575 |548.72903]
o - U-238(dpm/g)=|817.28598] + | 51.83714
\' U-234(dpm/g)=[ 1065.6223| + | 63.10504
.4 Th-232(dpm/g)=|9.7624367} + | 0.731596
Th-230(dpm/g)=| 1236.2995| + | 14.40328
U-234/U-238= 1.3038549 + [ 0.082032
Th-230/U-234=| 1.1601667] + | 0.048751
Th-230/Th-232=| 126.63842| + | 9.450874
U234/Th-232=|109.15536} + | 10.42584
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= {1095533.9
(m-1)

Th(ppb)= |39953.972

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2598.0684 259.52771 25.939115

Page 1



9

‘”MCB ¥ 1

ROI #

ROI #

ROI #

8-1

8-2

8-3

N PzoAw AW

ACQ ©@1-25-95 AT 13:11:41 RT : 69396.5 LT : 69389.5
No detector description was entered
NOPI-209 U 1/26/95

RANGE : 66 = 405.93keV to 152 = 425.56keV
AREA : Gross = 447 Net = 447 +/- 21
CENTROID : 124.01 = 419.17keV

SHAPE : Fwhm = 2.75keV Fwtm = 6.10keV

ID : No close library match

RANGE : 324 = 464.82keV to 401 = 482.39keV
AREA : Gross = 582 Net = 581 +/- 24
CENTROID : 377.99 = 477.14keV

SHAPE : Fwhm = 4.92keV Fwtm = 13.16keV

ID : No close library match

RANGE : 549 = 516.17keV to 639 = 536.71keV
AREA : Gross = 560 Net = 560 +/- 24
CENTROID : 617.77 = 531.86keV

SHAPE : Fwhm = 3.56keV Fwtm = 4.76keV

ID : No close library match



ROI

ROI

ROI

ROI

ACQ ©1-25-95 AT 16:49:43 RT : 57429.9 LT
No detector description was entered
NOPI-209 Th 1/26/95

RANGE : 32 = 3.87keV to 86 = 4.00keV
AREA : Gross = 234 Net = 181 +/- 25
CENTROID : 75.83 = 3.98keV

SHAPE : Fwhm = Q.00keV Fwtm = Q.07keV

ID : No close library match

RANGE : 225 = 4.35keV to 358 = 4.68keV
AREA : Gross = 22423 Net = 22423 +/- 150
CENTROID : 335.55 = 4.62keV

SHAPE : Fwhm = 0.04keV Fwtm = 9.13keV

ID : No close library match

RANGE : 508 = 5.05keV to 654 = 5.41keV
AREA : Gross = 11010 Net = 10973 +/- 109
CENTROID : 631.37 = 5.36keV

SHAPE : Fwhm = 0.04keV Fwtn = @.14keV

ID : No close library match

RANGE : 672 = 5.46keV to 781 = 5.73keV
AREA : Gross = 1541 Net = 1514 +/- 45
CENTROID : 734.79 = 5.61keV

SHAPE : Fwhm = @.05keV Fwtm = @.11keV

ID : No c¢lose library match



U and Th Isotope Activities

Sample # NOPI-294

NOPI-294

FILENAME= NP294U3.CHN
NP294TH3.CHN

Spike 25A
10/9/92
Th-228 (dpm/g)= 2559.3248

Th(ppb)= |16336.737

Spike 258  Spide 25C

255.65752 25.5523

Page 1

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.3414 | 0.2925 454.83 | 1/22/93 | 712 | 446.37404| Th-228/U-232=| 0.5727428
Counting time for Th=} 1339.1 (mins.) Counting time for U=| 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9867313 CF for U-232=| 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 61 | 5934 | 3586 | 2812 [ 2260 2521 3130
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
{ 3 | 20 | 35 | 8 I 2 2 3
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 58 | 5914 ]3390.1402] 2804 | 2258 2519 | 3090.895 |
U-238(dpm/g)=|279.38364| + | 7.712035
. U-234(dpm/qg)=|311.67732| + | 8.34083
Th-232(dpm/g)=|3.7474104] + | 0.48387
Th-230(dpm/g)=| 382.10664] + | 8.082099
U-234/U-238=| 1.115589 | + | 0.032316
Th-230/U-234=| 1.2259687] + | 0.029146
Th-230/Th-232=| 101.96552] + | 13.12228
U234/Th-232=|83.171388| + | 10.96742
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [374500.81
(m-1)



®

MCB # 1

ROI # 12-1

ROI # 12-2

‘ROI # 12-3

»
NS Ae

ACQ 01-16-95 AT ©03:09:25 RT : 30002.1 LT
No detector description was entered
NOPI-294 U 1/17/95

RANGE : 51 = 399.29keV to 164 = 425.45keV
AREA : Gross = 2261 Net = 2260 +/- 48
CENTROID : 131.72 = 417.98keV

SHAPE : Fwhm = 7.49keV Fwtm = 13.10keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.075 +/- 0.00

RANGE : 299 = 456.71keV to 414 = 483.33keV
AREA : Gross = 2550 Net = 2521 +/- 55

CENTROID : 387.66 = 477.24keV
SHAPE : Fwhm = 7.87keV Fwtm = 14.56keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.084 +/- 0.00

RANGE : 550 = 514.82keV to 646 = 537.05keV
AREA : Gross = 3179 Net = 3130 +/- 62
CENTROID : 620.64 = 5$31.18keV

SHAPE : Fwhm = 7.53keV Fwtm = 12,38keV

ID : No close library match

30000.0



MCB

ROI

ROI

ROI

ROI

#

1

ACQ @1-16-95

AT 22:19:55

o paad Th 3"

80345.9 LT 80332.7

No detector description was entered

NOPI-294 Th 1/18/95

RANGE

AREA Gross = 157

13 to 64

Net = 61

Could not properly fit the peak.

47.92 Channels

26.59 Channels

RANGE 211 to 370
AREA Gross = 5974
CENTROID : 330.98
SHAPE Fwhm =

RANGE 539 to 681
AREA Gross = 3821
CENTROID 653.57
SHAPE Fwhm =

RANGE 692 to 802
AREA Gross = 3068
CENTROID 766.93
SHAPE Fwhm =

28.52 Channels

Net = 5934

+/- 28
+/~- 83
Fwtm = 78.75 Channels
3586 +/- 95
Fwtm = 76.00 Channels
2812 +/- 85
Fwtm = 54.46 Channels



U and Th Isotope Activities

NOPI-301

FILENAME= NP301U3.CHN

NP301TH3.CHN
Sample # NOPI-301 Sep. date 1/4/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g)  (dpm/g) of spike ref. and sep. (dpm/g)
| 0.3205 | 0.2975 454.83 | 1/22/93 | 712  [446.37404] Th-228/U-232=| 0.5727428
Counting time for Th=| 416.75 (mins.) Counting time for U=} 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9870448 CF for U-232=[1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 77 | 11158 | 1798 | 1417 3456 | 3999 | 1244 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 12 | 35 | 30 | 12 4 | 5 | 7 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
L 65 | 11123 | 1650.763 | 1405 3452 | 3994 [1222.7173]
U-238(dpm/g)=|1169.7757| + | 38.67715
‘ U-234(dpm/g)=| 1353.4426] + [ 43.93837
Th-232(dpm/g)=| 9.3442864| + | 1.087443
Th-230(dpm/g)=| 1599.023 | + | 40.63518
U-234/U-238=]1.1570104} + | 0.026872
Th-230/U-234=} 1.1814487} + | 0.021775
Th-230/Th-232=[ 171.12308] + | 19.56846
U234/Th-232=|144.84173] + | 17.49956
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 1568030
(m-1)
Th(ppb)=

Spike 25A  Spike 25B  Spide 25C

10/9/92

Th-228 (dpm/g)= 2559.3248 255.65752

25.5523
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MCB # 1

ROI # 13-1

ROI # 13-2

ROI # 13-3

o’fYA

o5t
ACQ @01-16-~-95 AT 03:09:25 RT : 30002.1 LT : 30000.0
No detector description was entered
NOPI-301 U 1/17/95
RANGE : 27 = 396.69keV to 154 = 426.03keV
AREA : Gross = 3582 Net = 3456 +/- 178
CENTROID : 116.96 = 417.48keV
SHAPE : Fwhm = 7.44keV Fwtm = 15.86keV
ID : SB-125 at 427.89keV
Corrected Rate = 9.115 +/- 0.00
RANGE : 267 = 452.14keV to 405 = 484.03keV
AREA : Gross = 4087 Net = 3999 +/- 7117
CENTROID : 364.76 = 474.73keV
SHAPE : Fwhm = 10.50keV Fwtm = 15.65keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.133 +/- 0.00
RANGE : 522 = 511.06keV to 634 = 536.94keV
AREA : Gross = 1272 Net = 1244 +/- 42
CENTROID : 605.30 = 530@.31keV
SHAPE : Fwhm = 9.68keV Fwtm = 17.37keV

ID : No close library match



ii' MCB

ROI

ROI

ROI

ROI

pe

ACQ ©1-16-95 AT 22:19:55 RT : 25004.9 LT
No detector description was entered
NOPI-301 Th 1/18/95

RANGE : 25 = 3.90keV to 89 = 4.07keV
AREA : Gross = 77 Net = 77 +/- 9
CENTROID : 53.11 = 3.97keV

SHAPE : Fwhm = @.00keV Fwtm = @.01keV

ID : No close library match

RANGE : 213 = 4.39keV to 344 = 4.74keV
AREA : Gross = 11290 Net = 11158 +/- 118
CENTROID : 313.06 = 4.66keV

SHAPE : Fwhm = Q.99keV Fwtm = ?.18keV

ID : No close library match

RANGE : 516 = 5.19keV to 624 = 5.48keV
AREA : Gross = 1800 Net = 1798 +/- 43
CENTROID : 595.27 = 5.40keV

SHAPE : Fwhm = 0.096keV Fwtm = @.16keV

ID : No close library match

RANGE : 640 = 5.52keV to 722 = 5.74keV
AREA : Gross = 1581 Net = 1417 +/- 59
CENTROID : 696.89 = 5.67keV

SHAPE : Fwhm = @.07keV Fwtm = 9.1l4keV

ID : No close library match

w
4o\ Th3 <

25000.0



NOPI-417

. U and Th Isotope Activities FILENAME= NP417U3.CHN
NP417TH3.CHN
Sample # NOPI-417 Sep. date 1/4/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g)  (dpm/g) of spike ref. and sep. (dpm/g)
| o0.3068 | 0.2972 454.83 | 1/22/93 | 712 |446.37404] Th-228/U-232=| 0.5727428
Counting time for Th=| 416.75 (mins.) Counting time for U= 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days biwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9870448 CF for U-232=| 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 39 | 38876 | 2320 | 2568 | ] 3817 | 4907 | 620 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 ] 35 | 12 | 10 | | 2 | 2 | 6 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 36 | 38841 |2164.9395| 2558 | [ 3815 | 4905 |606.91062]
U-238(dpm/g)=(2718.0797{ + | 117.6928
. U-234(dpm/g)=|3494.6739] + | 148.9524
Th-232(dpm/g)=|4.1182125| + | 0.664961
Th-230(dpm/g)=| 4443.2081] + | 94.95971
U-234/U-238=| 1.2857143] + | 0.027748
Th-230/U-234=|1.2714228] + | 0.019262
Th-230/Th-232=| 1078.9167| + | 172.8516
U234/Th-232=|848.58998] + | 141.7139
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |3643459.7
(m-1)

Th(ppb)= [16854.291

Spike 25A  Spike 26B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2559.3248 255.65752 25.5523

Page 1



‘MCB# 1

ROI

ROI

ROI

9-1

9-2

o\\f’)'

a b
ACQ 901-16-95 AT ©03:09:25 RT : 30002.1 LT 30000.0
No detector description was entered
NOPI-417 U 1/717/95
RANGE : 58 = 401.57keV to 158 = 424.68keV
AREA : Gross = 3998 Net = 3817 +/- 82
CENTROID : 129.99 = 418.20keV
SHAPE : Fwhm = 7.32keV Fwtm = 16.33keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.127 +/- 0.00
RANGE : 278 = 452.41keV to 408 = 482.46keV
AREA : Gross = 5083 Net = 4907 +/- 93
CENTROID : 376.40 = 475.16keV
SHAPE : Fwhm = 9.80keV Fwtm = 17.82keV
ID : SB-125 at 463.38keV
Corrected Rate = @.164 +/- ©0.00
RANGE : 543 = 513.66keV to 645 = 537.24keV
AREA : Gross = 622 Net = 62@ +/- 26
CENTROID : 598.55 = 526.50keV
SHAPE : Fwhm = @.60keV Fwtm = 15.82keV

ID : No close library match



P9 T3

‘MCB #1 ACQ ©01-16-95 AT 22:19:54 RT : 25004.9 LT : 25000.0
No detector description was entered
NOPI-417 Th 1/18/95

ROI # 1-1 RANGE : 10 = 3.81keV to 71 = 3.97keV
AREA : Gross = 70 Net = 39 +/- 18
CENTROID : 64.86 = 3.95keV
SHAPE : Fwhm = Q.00keV Fwtm = Q.01keV

ID : No close library match

ROI # 1-2 RANGE : 195 = 4.27keV to 364 = 4.69keV
AREA : Gross = 39019 Net = 38876 +/- 207
CENTROID : 331.32 = 4.61keV

SHAPE : Fwhn = Q0.08keV Fwtm = 0.15keV

ID : No close library match

ROI # 1-3 RANGE : 548 = 5.15keV to 647 = 5.40keV
AREA : Gross = 2470 Net = 2320 +/- 68
CENTROID : 627.62 = 5.35keV
. SHAPE : Fwhm = Q.06keV Fwtm = 0.16keV

ID : No close library match

ROI # 1-4 RANGE : 658 = 5.42keV to 785 = 5.74keV
AREA : Gross = 2824 Net = 2568 +/- 88
CENTROID : 731.79 = 5.61keV
SHAPE : Fwhm = Q.97keV Fwtm = 9.15keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-418

NOPI-418

FILENAME= NP418U3.CHN

NP418TH3.CHN

Sep. date 1/4/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
0.4288 | 0.493 454.83 | 1/22/93 | 712 [ 446.37404] Th-228/U-232=| 0.5727428
Counting time for Th=| 416.75 (mins.) Counting time for U=] 500.03 {mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9870448 CF for U-232=] 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 44 | 38200 | 2826 | 2429 | 3899 | 5007 | 774 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
K | 10 | 40 ] 20 | 0 0 | 5 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234 U-232sp
counts counts counts counts counts counts counts
| 43 | 38190 | 2650.214 | 2409 | 3899 5007 [760.12095]
U-238(dpm/g)=| 2632.4589| + | 103.5887
‘ U-234(dpm/g)=| 3380.539 | £ | 130.5654
Th-232(dpm/g)=|4.7691197| + | 0.724547
Th-230(dpm/g)=| 4235.6437| + | 82.5717
U-234/U-238=| 1.2841754| £ | 0.027428
Th-230/U-234=| 1.2529492] + { 0.018832
Th-230/Th-232=| 888.13953| + | 133.9692
U234/Th-232={708.83921) + | 111.1157
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 3528689
{(m-1)

Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2559.3248 255.65752 25.5523

Page 1

Th(ppb)= | 19518.208



MCB # 1

ROI # 10-1

ROI # 10-2

ACQ 01-16-95

AT ©03:09:25

RT

A

30002.1 LT

No detector description was entered

NOPI-418 U 1/1

RANGE : 30 =
AREA : Gross =
CENTROID : 113
SHAPE : Fwhm =

7/95

401.27keV
4056

to
Net =

146 = 428.13keV
3899 +/- 82

.36 = 420.57keV
Fwtm = 17.41keV

8.88keV

ID : SB-125 at 427.89k

Corrected Rate

RANGE : 263 =
AREA : Gross =
CENTROID : 362
SHAPE : Fwhm =

= 0.130

455.23keV
5074

eV

to
Net =

+/- .00

396 = 486.03keV
5007 +/- 80

.65 = 478.30keV
Fwtm = 18.90keV

9.62keV

ID : SB-125 at 463.38k

Corrected Rate

RANGE : 536 =
AREA : Gross =
CENTROID : 603
SHAPE : Fwhm =

= 0.167

518.45keV
798

eV

to
Net =

+/- 0.00

631 = 540.45keV
774 +/- 34

.72 = 534.13keV
Fwtm = 15.24keV

5.56keV

ID : No close library match

(o

30000.0



o

ROI

ROI

ROI

‘l"ROI

o

XX
NM\?T\\3
ACQ 01-16-95 AT 22:19:55 RT : 25004.9 LT 25000.0
No detector description was entered
NOPI-418 Th 1/18/95
RANGE : 17 = 3.79keV to 67 = 3.92keV
AREA : Gross = 46 Net = 44 +/- 8
Could not properly fit the peak.
RANGE : 162 = 4.18keV to 348 = 4.68keV
AREA : Gross = 38643 Net = 38200 +/- 227

CENTROID : 316.45 = 4.59keV
SHAPE : Fwhm = 0.12keV Fwtm = Q.22keV

ID : No close library match

RANGE : 503 = 5.09keV to 625 = 5.42keV
AREA : Gross = 3256 Net = 2826 +/- 106
CENTROID : 601.52 = 5.36keV

SHAPE : Fwhm = 0.08keV Fwtm = @.19keV

ID : No close library match

RANGE : 634 = 5.44keV to 736 = 5.72keV
AREA : Gross = 3150 Net = 2429 +/- 119
CENTROID : 697.77 = 5.62keV

SHAPE : Fwhm = 0.10keV Fwtm = Q.19keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-419

NOPI-419

FILENAME= NP419U3.CHN
NP419TH3.CHN

Sep. date 1/4/95

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
I 0.2608 | 0.2984 454.83 | 1/22/93 | 712 [446.37404| Th-228/U-232=| 0.5727428
Counting time for Th=| 1339.82 (mins.) Counting time for U=] 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9867311 CF for U-232=| 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 199 | 14824 | 3554 | 2873 | I 2731 | 4461 | 2414 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
Lo | 6 | 2 I 11 L3 [ s | 12 ]
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
L 199 | 14818 | 3246.502 | 2872 | [ 2728 | 4456 | 2374.266 |
U-238(dpm/g)={ 586.82033] + | 16.39337
U-234(dpm/g)=| 958.53058] + | 24.21908
Th-232(dpm/g)=| 17.930285| + | 1.306144
Th-230(dpm/g)=| 1335.1305| + | 24.93627
U-234/U-238=| 1.6334311{ + | 0.039687
Th-230/U-234=| 1.3928929] + | 0.023786
Th-230/Th-232=|74.462312| + | 5.313805
U234/Th-232=153.458747] + [ 4.121844
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |786605.43
(m-1)
Th(ppb)= |73381.895

Spike 25A
10/9/92

Th-228 (dpm/g)= 2559.3248 255.65752

Spike 25B  Spide 25C

25.5523

Page 1



Jpaat”

MCB # 1 ACQ ©@1-16-95 AT 03:09:25 RT : 30002.1 LT : 30000.0

No detector description was entered
NOPI-419 U 1/17/95

ROI # 11-1 RANGE : 39 = 396.63keV to 165 = 425.66keV
AREA : Gross = 2859 Net = 2731 +/- 73
CENTROID : 136.65 = 419.13keV
SHAPE : Fwhm = 7.70keV Fwtm = 13.34keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.091 +/- 0.00

ROI # 11-2 RANGE : 265 = 448.70keV to 414 = 483.02keV
AREA : Gross = 4498 Net = 4461 +/~- 73

CENTROID : 383.46 = 475.99keV
SHAPE : Fwhm = 7.93keV Fwtm = 20.28keV

ID : SB-125 at 463.38keV

Corrected Rate = @.149 +/~- 0.00
ROI # 11-3 RANGE : 527 = 509.06keV to 650 = 537.39keV
} AREA : Gross = 2416 Net = 2414 +/- 50
. CENTROID : 620.89 = 530.69keV
SHAPE : Fwhm = 10.24keV Fwtm = 18.68keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

C

An?
ACQ ©@1-16-95 AT 22:19:55 RT : 80389.0 LT 80375.8
No detector description was entered
NOPI-419 Th 1/18/95
RANGE : 12 = 393.61keV to 72 = 407.30keV
AREA : Gross = 474 Net = 199 +/- 52
CENTROID : 18.26 = 395,04keV
SHAPE : Fwhm = Q@.50keV Fwtm = 1.03keV
ID : No close library match
RANGE : 226 = 442.45keV to 365 = 474.17keV
AREA : Gross = 15133 Net = 14824 +/- 147
CENTROID : 333.39 = 466.96keV
SHAPE : Fwhm = 8.67keV Fwtm = 16.37keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.184 +/- 0.00
RANGE : 542 = 514.57keV to 686 = 547.44keV
AREA : Gross = 3865 Net = 3554 +/- 104

CENTROID : 656.72 = 540.75keV
SHAPE : Fwhm = 5.44keV Fwtm = 16.38keV

ID : No close library match

RANGE : 696 = 549.72keV to 800 = 573.46keV
AREA : Gross = 3085 Net = 2873 +/- 80
CENTROID : 768.19 = 566.20keV

SHAPE : Fwhm = 6.18keV Fwtm = 12.36keV

ID : No close library match



NOPI-420

. U and Th Isotope Activities FILENAME= NP420U3.CHN
NP420TH3.CHN
Sample # NOPI-420 Sep. date 1/4/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (9) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.3412 | 0.2981 454.83 | 1/22/93 | 712 |446.37404| Th-228/U-232=| 0.5727428
Counting time for Th=] 416.75 (mins.) Counting time for U=] 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9870448 CF for U-232={ 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 44 | 10224 | 1204 | 838 | [ 8329 | 4276 | 1094 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 0 | 10 | 6 | I 13 | 15 | 13 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 44 | 10224 [1120.9967] 832 | | 3316 [ 4261 [1068.5185]
! U-238(dpm/g)=| 1210.2758| + | 42.17715
‘ U-234(dpm/g)=| 1555.1825| + | 52.69155
Th-232(dpm/g)=|8.7671787} + | 1.345636
Th-230(dpm/g)=|2037.1735} + | 62.0711
U-234/U-238=[1.2849819] + | 0.029701
Th-230/U-234={1.3099257| + | 0.023856
Th-230/Th-232=|232.36364| + | 35.10543
U234/Th-232=|177.38688] + | 27.8818
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |1622318.5
(m-1)

Th(ppb)= [35880.756

Spike 25A  Spike 26B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2559.3248 255.65752 25.5523

Page 1



ROI #

ROI #

ACQ ©1-16-95 AT 01:23:05 RT

30002.1

No detector description was entered

NOPI-420 U 1/17/95

RANGE 49 to 156

AREA Gross = 3410 Net =
CENTROID 127. 36

SHAPE Fwhm = 26.65 Channels
RANGE 286 to 405

AREA Gross = 4306 Net =
CENTROID 377.27

SHAPE Fwhm = 28.96 Channels
RANGE 542 to 641

AREA : Gross = 1119 Net =
CENTROID 616.85

SHAPE Fwhm = 27.67 Channels

3329

Fwtm =

4276

Fwtn =

1094

Fwtm =

wm”“’“p

LT 30000.0

+/- 69

59.18 Channels

+/- 70

58.36 Channels

+/- 39

58.11 Channels



c‘",

s
\
')?47/0
.MCB # 1 ACQ @1-16-95 AT 22:19:56 RT : 25004.9 LT : 25000.0
No detector description was entered
NOPI~-420 Th 1/18/95
ROI # 10-1 RANGE : 17 = 398.26keV to 86 = 414.24keV
AREA : Gross = 45 Net = 44 +/- 7
Could not properly fit the peak.
ROI # 10-2 RANGE : 216 = 444.34keV to 356 = 476.76keV
AREA : Gross = 10225 Net = 10224 +/- 101

CENTROID : 328.15 = 470.31keV
SHAPE : Fwhm = 5.00keV Fwtm = 14.90keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.409 +/- 0.00

ROI # 10-3 RANGE : 576 = 527.71keV to 670 = 549.48keV
AREA : Gross = 1252 Net = 1204 +/- 44
CENTROID : 648.95 = 544.61keV
SHAPE : Fwhm = 4.18keV Fwtm = 14.27keV

ID : No close library match

ROI # 10-4 RANGE : 685 = 552.95keV to 788 = 6576.81lkeV
AREA : Gross = 942 Net = 838 +/- 50
CENTROID : 761.07 = 570.57keV
SHAPE : Fwhm = 6.15keV Fwtm = 11.68keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-421

NOPI-421

FILENAME= NP421U3.CHN

NP421TH3.CHN

Sep. date 1/4/95

Page 1

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (q) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.3235 | 0.2966 454.83 | 1/22/93 | 712 [446.37404] Th-228/U-232= 0.5727428
Counting time for Th=] 416.75 (mins.) Counting time for U=} 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9870448 CF for U-232=|1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 72 | 15947 | 1465 | 814 | 5721 6776 | 1273 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 1 | 10 | 12 | 8 15 | 8 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 72 | 15946 ]1359.0333| 802 | [ 5713 6761 | 1250.394 |
U-238(dpm/g)=| 1869.8773| + | §7.94631
. U-234(dpm/g)=| 2212.89 | + [ 67.59738
Th-232(dpm/g)=|12.418177| + | 1.499028
Th-230(dpm/g)=|2750.2812| + | 75.08326
U-234/U-238=|1.1834413| + | 0.021248
Th-230/U-234=| 1.2428459] + | 0.018023
Th-230/Th-232=|221.47222| + | 26.15961
U234/Th-232=| 178.19766] + | 22.18873
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |2506483.8
(m-1)
Th(ppb)= [50822.915
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2559.3248 255.65752 25.5523



MCB # 1

ROI #

ROI #

ROI #

1-1

1-2

1-3

wRE
ACQ @1-15-95 AT 21:32:15 RT : 30001.8 LT
No detector description was entered
NOPI-421 U 1/17/95
RANGE : 41 = 3.89keV to 166 = 4.20keV
AREA : Gross = 5848 Net = 5721 +/~ 91
CENTROID : 142.00 = 4.14keV
SHAPE : Fwhm = @.08keV Fwtm = @.15keV
ID : No close library match
RANGE : 254 = 4.42keV to 391 = 4.76keV
AREA : Gross = 6914 Net = 6776 +/- 99
CENTROID : 370.95 = 4.71keV
SHAPE : Fwhm = Q0.08keV Fwtm = @.15keV
ID : No close library match
RANGE : 499 = 5.03keV to 612 = 5.31keV
AREA : Gross = 1301 Net = 1273 +/- 42
CENTROID : 588.97 = 5.25keV
SHAPE : Fwhm = Q.93keV Fwtm = @.15keV

ID : No close library match

\\P1,¢)69

30000.0



<>
Y2
pf

MCB # 1 ACQ @01-16-95 AT 22:19:55 RT : 25004.9 LT : 25000.0

No detector description was entered

NOPI-421 Th 1/18/95
ROT # 9-1 RANGE : 18 = 392.32keV to 72 = 404.80keV

AREA : Gross = 154 Net = 72 +/- 27

Could not properly fit the peak.

ROI # 9-2 RANGE : 193 = 432.77keV to 372 = 474.14keV
AREA : Gross = 16154 Net = 15947 +/~- 148
CENTROID : 341.27 = 467.04keV
SHAPE : Fwhnm = 9.73keV Fwtm = 16.82keV
ID : SB-125 at 463, 38keV
Corrected Rate = 0.638 +/- 0.01

ROI # 9-3 RANGE : 586 = 523.60keV to 689 = 547.40QkeV
AREA : Gross = 1570 Net = 1465 +/- 56
CENTROID : 665.23 = 541.86keV
SHAPE : Fwhm = 4.52keV Fwtm = 15.41keV

ID : No close library match

ROI # 9-4 RANGE : 717 = 553.88keV to 801 = 573.29keV
AREA : Gross = 1040 Net = 814 +/- 62
CENTROID : 776.34 = 567.59keV
SHAPE : Fwhm = 4.32keV Fwtm = 14.17keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-422

NOPI-422

FILENAME= NP422U3.CHN

NP422TH3.CHN

Sep. date 1/4/95

Analyst JoP
Sample Spike U-232 Ref. date  Days btwn  U-232*
weight (&) weight (g) (dpm/qg) of spike  ref. and sep. (dpm/g)
[0.3056 | 0.299 | 454.83 | 1/22/93 | 712 |446.37404] Th-228/U-232=| 0.5727428
Counting time for Th=] 592.66 (mins.) Counting time for U=] 500.03 {mins.)
Days btwn. sep. and count.= 12 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9879646 CF for U-232=| 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 87 | 13837 | 2220 | 1433 | { 3070 | 3306 | 1060 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L_6 [ 14 | 2 | 6 | L+ 1 4 | 1 |
Th-232*  Th-230* Th-228sp  Ra-224" U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 81 | 13823 [2077.3455] 1427 | [ 3069 | 3302 [1046.7725]
U-238(dpm/g)=| 1280.4462] + [ 45.61569
U-234(dpm/g)=|1377.6583] + | 48.62717
Th-232(dpm/g)={ 9.753325 | + | 1.065959
Th-230(dpm/g)=| 1664.4471| + | 38.05439
U-234/U-238=( 1.0759205| + | 0.026967
Th-230/U-234=/1.2081712| + | 0.023388
Th-230/Th-232=[170.65432| + | 18.35349
U234/Th-232=(141.25012| + | 16.22261
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [1716378.7

(m-1)

Spike 25A
10/9/92
Th-228 (dpmig)= 2559.3248

Spike 258

255.65752

Th{ppb)= [39916.681

Spide 25C

25.5523

Page 1



Q
i *

MCB # 1 ACQ 01-16-95 AT 91:23:05 RT : 30002.1 LT : 30000.0
No detector description was entered
NOPI-422 U 1/17/95

ROI # 8-1 RANGE : 35 = 398.86keV to 152 = 425.56keV
AREA : Gross = 3217 Net = 3070 +/- 76
CENTROID : 122.62 = 418.85keV
SHAPE : Fwhm = 9.18keV Fwtm = 14.21keV
ID : SB-125 at 427 .89keV
Corrected Rate = 90.102 +/- 0.00

ROI # 8-2 RANGE : 279 = 454.55keV to 401 = 482.39keV
AREA : Gross = 3384 Net = 3306 +/- 69
CENTROID : 374.36 = 476.31keV
SHAPE : Fwhm = 8.34keV Fwtm = 15,20keV
ID : SB~125 at 463.38keV
Corrected Rate = 0.110@ +/- .00

ROI # 8-3 RANGE : 544 = 515.03keV to 640 = 536.94keV

. AREA : Gross = 1084 Net = 1060 +/- 38

CENTROID : 615.38 = 531.32keV
SHAPE : Fwhm = 3.37keV Fwtm = 12.60keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

14-1

14-2

14-3

14-4

W3¢ HW

—r
ppPuze

ACQ 01-16-95 AT 03:09:25 RT : 35559.6 LT : 35554.3
No detector description was entered
NOPI-422 Th 1/17/95
RANGE : 18 = 393.39keV to 67 = 404.67keV
AREA : Gross = 126 Net = 87 +/- 19
CENTROID : 52.61 = 401.35keV
SHAPE : Fwhm = 1.08keV Fwtm = 2.92keVv
ID : No close library match
RANGE : 202 = 435.74keV to 368 = 473.95keV
AREA : Gross = 13977 Net = 13837 +/- 133
CENTROID : 335.53 = 466.48keV
SHAPE : Fwhm = 7.81keV Fwtm = 17.23keV
ID : SB-125 at 463. 38keV
Corrected Rate = Q.389 +/- 0.00
RANGE : 560 = 518.15keV to 685 = 546.92keV
AREA : Gross = 2470 Net = 2220 +/- 85
CENTROID : 657.71 = 540.64keV
SHAPE : Fwhm = 4.95keV Fwtm = 15.72keV
ID : No close library match
RANGE : 696 = 549.45keV to 796 = 572.47keV
AREA : Gross = 1637 Net = 1433 +/- 68
CENTROID : 767.94 = 566.01keV
SHAPE : Fwhm = 6.22keV Fwtm = 13.87keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-423

NOPI-423

FILENAME= NP423U3.CHN

NP423TH3.CHN

Sep. date 1/4/95

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.3347 | 0.2981 454.83 | 1/22/93 | 712 | 446.37404] Th-228/U-232=| 0.5727428
Counting time for Th=] 1122.25 (mins.) Counting time for U=} 500.03 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.986805 CF for U-232=] 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 94 | 6736 | 3127 | 1584 | 3101 3465 | 3554
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
{ 5 | 12 | 25 | 25 | 1 8 | 12
Th-232* Th-230* Th-228sp Ra-224* U-238" U-234* U-232sp
counts counts counts counts counts counts counts
| 89 | 6724 [2970.7462| 1559 | 3100 3457 ]3501.1033]
U-238(dpm/g)=| 352.01564| + | 8.650205
U-234(dpm/g)=| 392.566422| + | 9.371885
Th-232(dpm/g)=|6.8216476| + | 0.714096
Th-230(dpm/g)={515.37931] + [ 11.15235
U-234/U-238=| 1.1151613] + [ 0.027567
Th-230/U-234=( 1.3128869| + | 0.027447
Th-230/Th-232=|75.560662| + | 7.846628
U234/Th-232=|57.545367| + | 6.178579
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [471860.64
(m-1)
Th(ppb)= |27918.431

Spike 25A
10/9/92

Spike 25B  Spide 25C

Th-228 (dpm/g)= 2559.3248 255.65752 25.5523

Page 1



Ny '“\“)

N
'MCB # 1 ACQ 901-15-95 AT 21:32:16 RT : 30001.8 LT : 30000.0
No detector description was entered
NOPI-423 U 1/17/95
ROT # 65-1 RANGE : 61 = 3.91keV to 169 = 4.20keV
AREA : Gross = 3193 Net = 3101 +/- 68
CENTROID : 144.31 = 4.13keV
SHAPE : Fwhm = 0.97keV Fwtm = @.16keV
ID : No close library match
ROTI # 5-2 RANGE : 259 = 4.44keV to 383 = 4.77keV
AREA : Gross = 3591 Net = 3465 +/- 77
CENTROID : 359.09 = 4.71keV
SHAPE : Fwhm = Q.08keV Fwtm = 0.18keV
ID : No c¢lose library match
ROI # 5-3 RANGE : 470 = 5.00keV to 589 = 5.32keV
AREA : Gross = 3614 Net = 3554 +/- 69
, CENTROID : 566.30 = 5.26keV
L SHAPE : Fwhm = ©.10keV  Fwtm = 0.16keV

ID : No close library match



MCB

ROT

ROI

ROI

ROI

15-1

15-2

15-3

15-4

ACQ ©01-16-95 AT ©@3:09:26 RT : 67335.1 LT
No detector description was entered
NOPI-423 Th 1/17/95

RANGE : 15 = 394.06keV to 78 = 408.52keV
AREA : Gross = 167 Net = 94 +/- 28
CENTROID : 39.25% = 399.63keV

SHAPE : Fwhnm = 1.35keV Fwtm = 4.51keV

ID : No close library match

RANGE : 215 = 439.96keV to 361 = 473.46keV
AREA : Gross = 6829 Net = 6736 +/- 94
CENTROID : 334.06 = 467.28keV

SHAPE : Fwhm = 9.40keV Fwtm = 17.29keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.100 +/- 0.00

RANGE : 565 = 520.28keV to 682 = 547.13keV
AREA : Gross = 3392 Net = 3127 +/- 90
CENTROID : 656.15 = 541.20keV

SHAPE : Fwhm = 5.56keV Fwtm = 16.92keV

ID : No close library match

RANGE : 696 = 550.34keV to 792 = 572.37keV
AREA : Gross = 1802 Net = 1584 +/~- 70
CENTROID : 765.58 = 566.31keV

SHAPE : Fwhm = 7.82keV Fwtm = 13.69keV

ID : No close library match

23T CRY

67332.6



NOPI-424

' U and Th Isotope Activities FILENAME= NP424U.CHN
NP424TH.CHN
Sample # NOPI-424 Sep.date | 1/23/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| o0.5122 | 0.9995 | 454.83 | 1/22/93 | 731 { 446.15055| Th-228/U-232=| 0.5817043
Counting time for Th= 971.5 (mins.) Counting time for U=] 1155.647 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.997684 CF for U-232=| 1.0023159
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 137 | 1188 | 8042 | 1171 | | 1717 | 1810 | 26055 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
[ 15 | 44 | 25 | 47 | | 6 | 14 | 10 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 122 T 1144 [7853.8999] 1124 | [ 1711 [ 1796  [25984.822]
U-238(dpm/g)=|57.326433| + | 1.428328
. U-234(dpm/g)=|60.174327| + | 1.462702
Th-232(dpm/g)=| 7.86686 | + | 0.677812
Th-230(dpm/g)=|73.767933| + | 2.292864
U-234/U-238=<| 1.0496786] + | 0.035362
Th-230/U-234=| 1.2259038]| + | 0.045775
Th-230/Th-232=|9.3770492| + | 0.846069
U234/Th-232=|7.6490908] + | 0.684775

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |76843.423

(m-1)
Th(ppb)= |32196.091
Spike 25A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2598.0684 259.52771 25.939115

Page 1



MCB # 1

ROI #

ROI #

ROI #

7-1

7-2

7-3

ACQ 01-25-95 AT 13:11:41 RT

69338.8

No detector description was entered

NOPI-424 U 1/26/95

RANGE 80 to 157

AREA Gross = 1756 Net =
CENTROID 130.62

SHAPE Fwhm = 19,15 Channels
RANGE 329 to 497

AREA Gross = 1967 Net =
CENTROID 379.17

SHAPE Fwhm = 16.97 Channels
RANGE 547 to 637

AREA Gross = 26310 Net =
CENTROID 614.69

SHAPE Fwhm = 17.66 Channels

1717

Fwtm

1810

Fwtn

26055

Fwtm

NP"“L* w.can

LT 69331.9

+/- 47

46.05 Channels

+/- 61

48.16 Channels

+/- 172

51.23 Channels



MCB

ROI

ROI

ROI

ROI

le6

i
[

l6-2

16-3

l6-4

ACQ ©

1-25-95 AT 16:49:44

No detector description was entered

NOPI-

RANGE
AREA

424 Th 1/26/95

24 = 393.82keV
Gross = 168 Ne

CENTROID : 57.38 = 401.4

SHAPE

ID

RANGE
AREA

CENTR
SHAPE

ID
Corre

RANGE
AREA

CENTR
SHAPE

ID

RANGE
AREA

CENTR
SHAPE

ID

Fwhm = @.86keV

No close library match

253 = 446.12keV
Gross = 1190 Ne
OID : 347.14 = 467.6

: Fwhm = 3.94keV

SB-125 at 463.38keV
cted Rate = 0.020

572 = 518.96keV
Gross = 8249 Ne
OID : 669.67 = 541.2
Fwhm = 4.66keV

No c¢lose library match

716 = 551.84keV
Gross = 1172 Ne
OID : 780.68 = 566.6

: Fwhm = 5.20keV

No close library match

NP4 T Th- CX®

RT : 58290.3 LT
to 71 = 404.56keV
t = 137 +/- 19
5keV

Fwtm = 4.21keV
to 369 = 472.60keV
t = 1188 +/- 35
lkeV

Fwtm = 14.53keV

+/- @.00
to 698 = 547.73keV
t = 8042 +/~ 111
6keV

Fwtm = 15.13keV
to 814 = 574.22keV
t = 1171 +/- 34
lkeV

Fwtm = 11.72keV

58283.8



NOPI-425

. U and Th Isotope Activities FILENAME= NP425U3.CHN
NP425TH3.CHN
Sample # NOPI-425 Sep. date 1/4/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/qg) of spike ref. and sep. (dpm/g)
| o0.2607 | 0.2978 454.83 | 1/22/93 | 712  |446.37404| Th-228/U-232=| 0.5727428
Counting time for Th=| 1123.3 (mins.) Counting time for U=] 500.03 {mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 12 (days)
CF for Th-228=| 0.9868047 CF for U-232=[ 1.0116811
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 92 | 5051 | 3034 | 1531 | | 3147 | 3487 | 4781 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
I 26 | 110 | 35 | 20 | | 12 | 14 | 18 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 66 | 4941 [2891.9481] 1511 | | 3135 | 3473 |4708.0053]
U-238(dpm/g)=(339.53393| + | 7.793944
. U-234(dpm/g)=|376.14078| + | 8.376552
Th-232(dpm/g)=| 6.6649312} + | 0.705324
Th-230(dpm/g)=| 498.96099| + | 11.46067
U-234/U-238=| 1.107815 | + | 0.027238
Th-230/U-234=| 1.3265272] + | 0.029207
Th-230/Th-232=| 74.863636| + | 7.875835
U234/Th-232=|56.435809| + | 6.103189

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |455129.49

(m-1)
Th(ppb)=
Spike 25A  Spike 26B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2559.3248 255.65752 25.5523

Page 1



e ND:
N
MCB # 1 ACQ ©1-15-95 AT 21:32:16 RT : 30001.8 LT : 30000.0
‘.’ No detector description was entered
NOPI-425 U 1/17/95
ROI # 6-1 RANGE : 64 = 4.00keV to 158 = 4.25keV
AREA : Gross = 3148 Net = 3147 +/- 56
CENTROID : 134.73 = 4.19keV
SHAPE : Fwhm = 0.07keV Fwtm = @.14keV

ID : No close library match

ROI # 6-2 RANGE : 277 = 4.56keV to 380 = 4.84keV
AREA : Gross = 3513 Net = 3487 +/- 63
CENTROID : 353.29 = 4.76keV
SHAPE : Fwhm = Q.08keV Fwtm = @.15keV

ID : No close library match

ROI # 6-3 RANGE : 481 = 5.10keV to 584 = 5.37keV
AREA : Gross = 4782 Net = 4781 +/- 69
CENTROID : 559.36 = 5.31keV
SHAPE : Fwhm = 0.09%keV Fwtm = @.13keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

l6-1

16-2

16-3

16-4

T
\
ACQ ©01-16-95 AT ©03:09:26 RT : 67398.2 LT 67395.7
No detector description was entered

NOPI-425 Th 1/17/95

RANGE : 20 = 392.91keV to 71 = 404.56keV
AREA : Gross = 105 Net = 92 +/- 14
Could not properly fit the peak.

RANGE : 224 = 439.49keV to 373 = 473.52keV
AREA : Gross = 5052 Net = 5051 +/- 71
CENTROID : 344.66 = 467.05keV

SHAPE : Fwhm = 5.64keV Fwtm = 15.61keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.075 +/- 0.00

RANGE : 567 = 517.82keV to 699 = 547.96keV
AREA : Gross = 3169 Net = 3034 +/- 77
CENTROID : 668.83 = 541.07keV

SHAPE : Fwhm = 4.92keV Fwtm = 16.49keV

ID : No c¢lose library match

RANGE : 713 = ©551.16keV to 808 = 572.85keV
AREA : Gross = 1627 Net = 1531 +/- 55
CENTROID : 784.93 = 567.58keV

SHAPE : Fwhm = 3.14keV Fwtm = 12.77keV

ID : No close library match



v

U and Th Isotope Activities

Sample # NOPI-113

NOPI-113

FILENAME=

NP113U3.CHN

NP113TH3.CHN

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (dpm/q) of spike ref. and sep. (dpm/g)
| o0.4982 | 0.9914 454.83 | 1/22/93 | 738 | 446.0682 | Th-228/U-232=( 0.5849683
Counting time for Th=] 940.75 (mins.) Counting time for U=] 940.73 (mins.)
Days btwn. sep. and count.= 64 (days) Days btwn. sep. and count.= 64 (days)
CF for Th-228=| 0.9381802 CF for U-232=| 1.0600729
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 260 | 118937 | 11988 | 3151 | { 6025 | 6045 | 1057 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 | 7 i 14 | 25 | | 9 | 13 | 8 ]
Th-232* Th-230" Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 256 [ 118930 [12330.412[ 3126 | 6016 | 6032 ]989.55463]
U-238(dpm/g)=| 5396.529 | + | 179.9602
U-234(dpm/g)=| 5410.882 | + | 180.3943
Th-232(dpm/g)=| 10.78056 | + | 0.675793
Th-230(dpm/g)=| 5008.327 | + | 47.99236
U-234/U-238=| 1.00266 | + | 0.018253
Th-230/U-234=| 0.925603 | + | 0.012204
Th-230/Th-232=| 464.5703 | £ | 28.8429
U234/Th-232=| 501.9112 | + | 35.63594
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 7233797
(m-1)
Th(ppb)= | 44120.75
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641

260.93577 26.079847

Page 1



MCB

ROT

ROI

ROI

pPI3UR

ACQ ©4-03-95 AT 14:58:45 RT : 56444.1 LT : 56437.2
No detector description was entered
NOPI-113 U 4/4/95

RANGE : 39 to 149

AREA : Gross = 6302 Net = 6025 +/- 104
CENTROID : 125.70

SHAPE : Fwhm = 40.23 Channels Fwtm = 69.15 Channels

RANGE : 298 to 400

AREA : Gross = 6163 Net = 6045 +/~- 89
CENTROID : 371.89

SHAPE : Fwhm = 40.46 Channels Fwtm = 68.78 Channels

RANGE : 565 to 635

AREA : Gross = 1199 Net = 1057 +/- 51
CENTROID : 613.79

SHAPE : Fwhm = 19.92 Channels Fwtm = 52.34 Channels



NP TR Y >

MCB # 1 ACQ 04-03-95 AT 14:58:44 RT : 56445.1 LT : 56438.2
No detector description was entered
NOPI-113 Th 4/4/95

ROI # 1-1 RANGE : 21 to 88

AREA : Gross = 326 Net = 260 +/- 31

CENTROID : 70.80

SHAPE : Fwhm = 3.30 Channels Fwtm = 38.68 Channels
ROTI # 1-2 RANGE : 212 to 355

AREA : Gross = 119275 Net = 118937 +/- 356

CENTROID : 335.72

SHAPE : Fwhm = 16.31 Channels Fwtm = 49.19 Channels
ROT # 1-3 RANGE : 554 to 652

AREA : Gross = 12270 Net = 11988 +/- 128

CENTROID : 632.13

SHAPE : Fwhm = 15.51 Channels Fwtm = 51.90 Channels
ROTI # 1-4 RANGE : 671 to 759

AREA : Gross = 5257 Net = 3151 +/- 180

CENTROID : 734.92
SHAPE : Fwhm = 20.84 Channels Fwtm = 46.99 Channels



NOPI-114

. U and Th Isotope Activities FILENAME= NP114U.CHN
NP114TH.CHN
Sample # NOPI-114 Sep. date | 1/23/95
Analyst JDOP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/q)
[ 0.5039 | 1.0041 | 454.83 | 1/22/93 | 731 |446.15055]| Th-228/U-232=| 0.5817043
Counting time for Th=] 959.05 (mins.) Counting time for U=| 1000.1 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9976883 CF for U-232=| 1.0022639
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 194 | 98361 | 11539 | 3055 | | 4881 | 4822 | 974 |
Bkgﬂ Bkg_;d Bkgd ﬂgd bkg_;d bkng bkgd
i 2 | 5 | 12 [ 23 | | 2 | 4 | 12 |
Th-232* Th-230* Th-228sp Ra-224" u-238* U-234 U-232sp
counts counts counts counts counts counts counts
[ 192 | 98356 | 11200.64 | 3032 | | 4879 | 4818 [959.82709]

U-238(dpm/g)=| 4519.099 | + [ 158.5921
‘ U-234(dpm/g)=| 4462.5987] + | 156.7686

H+

Th-232(dpm/g)=[8.8649179 0.641792
Th-230(dpm/g)=| 4541.2389| + | 44.68663

U-234/U-238=|0.9874974| + | 0.02005
Th-230/U-234=}1.0176221] + [ 0.015009
Th-230/Th-232={512.27083| + | 36.81515
U234/Th-232={503.39989| + | 40.50846
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)=

{m-1)

Th(ppb)= [36280.766

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2598.0684 259.52771 25.939115

Page 1



W

QP
'.' MCB # 1 ACQ @1-25-95 AT 13:11:41 RT : 60006.0 LT : 60000.0

No detector description was entered
NOPI-114 U 1/26/95

ROTI # 9-1 RANGE : 39 = 397.17keV to 156 = 424 .22keV
AREA : Gross = 5088 Net = 4881 +/- 94
CENTROID : 134.74 = 419.30keV
SHAPE : Fwhm = 6.86keV Fwtm = 14.10keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.081 +/- 0.00

ROI # 9-2 RANGE : 292 = 455.65keV to 409 = 482 .69keV
AREA : Gross = 4958 Net = 4822 +/- 86
CENTROID : 382.42 = 476 .55keV
SHAPE : Fwhm = 8.92keV Fwtm = 15.58keV
ID : sSB-125 at 463.38keV
Corrected Rate = 0.080 +/- .00

ROI # 9-3 RANGE : 575 = 521.06keV to 640 = 536.08keV
AREA : Gross = 1073 Net = 974 +/- 44
CENTROID : 620.51 = 531.58keV
SHAPE : Fwhm = 5.37keV Fwtm = 11.91keV

ID : No close library match



NPuaTh.cvw

MCB # 1 ACQ 01-25-95 AT 16:49:43 RT : 57542.9 LT : 57536.3
No detector description was entered
NOPI-114 Th 1/26/95

ROI # 2-1 RANGE : 33 = 3.87keV to 94 = 4.02keV
AREA : Gross = 254 Net = 194 +/- 27
CENTROID : 75.57 = 3.97keV
SHAPE : Fwhm = 2.91keV Fwtm = @.96keV

ID : No c¢lose library match

ROI # 2-2 RANGE : 211 = 4.32keV to 365 = 4.71keV
AREA : Gross = 98515 Net = 98361 +/- 320
CENTROID : 343.76 = 4.66keV
SHAPE : Fwhm = ©.04keV Fwtm = 9.13keV

ID : No close library match

. ROI # 2-3 RANGE : 559 = 5.20keV to 664 = 5.47keV
AREA : Gross = 11681 Net = 11539 +/- 118
CENTROID : 639.27 = 5.41keV
SHAPE : Fwhm = 9.04keV Fwtm = 0.14keV

ID : No close library match

ROTI # 2-4 RANGE : 681 = 5.52keV to 803 = 5.83keV
AREA : Gross = 3327 Net = 3055 +/- 91
CENTROID : 746.21 = 5.68keV
SHAPE : Fwhm = ©.07keV Fwtm = @.18keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-115

NOPI-115

FILENAME=

NP115U.CHN
NP115TH.CHN

Sep. date | 1/30/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.4982 | 0.99 | 454.83 | 1/22/93 | 738 ]446.06824| Th-228/U-232=| 0.5849683
Counting time for Th=] 1333.468 (mins.) Counting time for U=] 1227.415 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=| 1.0023399
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 118 | 45514 | 7466 | 3113 | | 5344 | 5175 | 1568 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
I 4 | 17 | 27 | 69 | 7 | e | 11 ]
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 114 | 45497 ]7195.9603] 3044 | | 5337 | 5169 [1553.3653]
U-238(dpm/g)=| 3045.4844| + | 87.46856
U-234(dpm/g)=|2949.6175| + | 85.02841
Th-232(dpm/g)=|8.2145009| + | 0.762159
Th-230(dpm/g)=|3278.3785| + | 40.93536
U-234/U-238=| 0.9685216| + | 0.018889
Th-230/U-234={1.1114588] + | 0.016305
Th-230/Th-232=| 399.09649| + | 36.78741
U234/Th-232=| 359.07447| + | 34.88665
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [4082330.5
(m-1)
Th(ppb)= [33618.854
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641

260.93577 26.079847

Page 1



MCB

ROI

ROI

ROI

#

1

8-1

pPUSUL-cH)

ACQ 02-01-95 AT 14:30:58 RT : 73644.9 LT : 73640.1
No detector description was entered
NOPI-115 U 2/2/95

RANGE : 46 = 401.37keV to 155 = 426.24keV
AREA : Gross = 5509 Net = 5344 +/- 91
CENTROID : 127.82 = 420 .04keV

SHAPE : Fwhm = 6.68keV Fwtm = 14.18keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.073 +/~- 0.00

RANGE : 308 = 461.16keV to 407 = 483.76keV
AREA : Gross = 5325 Net = 5175 +/- 87
CENTROID : 376.79 = 476.86keV

SHAPE : Fwhm = 7.05keV Fwtm = 14.30keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.079 +/- Q.00

RANGE : 565 = 519.82keV to 643 = 537.62keV
AREA : Gross = 1738 Net = 1568 +/- 60
CENTROID : 616.79 = 531.64keV

SHAPE : Fwhm = 4.52keV Fwtm = 11.98keV

ID : No close library match



; MCB

ROT

ROI

ROI

ROI

#

1

ACQ @2-93-95

AT ©9:14:48

RT

80008.1

No detector description was entered

NOPI-115 Th 2/6/95

RANGE 32 to 62
AREA Gross = 150
CENTROID 45. 35
SHAPE Fwhm = 3.57
RANGE 199 to 368
AREA Gross = 45871
CENTROID 340.17
SHAPE Fwhm = 20.81
RANGE 580 to 685
AREA Gross = 7625
CENTROID 660.85
SHAPE Fwhm = 19.06
RANGE 713 to 827
AREA Gross = 3344
CENTROID 772.56
SHAPE Fwhm = 29.29

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

118

Fwtm

45514

Fwtm

7466

Fwtm

3113

Fwtn

WP usTh B

LT : 80000.¢

+/- 16
24.94 Channels
+/- 236

60.11 Channels

+/- 101

67.34 Channels

+/- 85

80.81 Channels



U and Th Isotope Activities

Sample # NOPI-116

NOPI-11

FILENAME=

6

NP116U.CHN
NP116TH.CHN

Sep. date | 1/30/95

Analyst JDP
Sample Spike uU-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.5051 | 0.9876 | 454.83 | 1/22/93 | 738 [446.06824] Th-228/U-232=| 0.5849683
Counting time for Th=] 1333.468 (mins.) Counting time for U=] 833.398 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=( 1.0022081
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 167 | 55000 | 10119 3179 | 7388 | 7809 | 2391 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 2 | 17 | 23 69 | 2 | 4 | 8 |
Th-232* Th-230" Th-228sp Ra-224 U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 165 | 54983 |9810.2363] 3110 | 7386 | 7805 [2377.7497]
U-238(dpm/g)=|2709.2444| + | 63.74442
U-234(dpm/g)=| 2862.937 | + | 66.91514
Th-232(dpm/g)=| 8.581077 | + | 0.669481
Th-230(dpm/g)=[2859.4749| + | 30.93072
U-234/U-238=|1.0567289| + | 0.017151
Th-230/U-234=(0.9987907| + | 0.012078
Th-230/Th-232=| 333.2303 | + | 25.82525
U234/Th-232=|333.63376| + | 27.1725
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |3631616.5
(m-1)
Th(ppb)=
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641

260.93577 26.079847

Page 1



ROI #

ROI #

9-2

NP CYEW

ACQ ©02-01-95 AT 14:30:58 RT : 50003.9 LT

No detector description was entered

NOPI-116 U 2/2/95

RANGE : 44 = 398.33keV to 159 = 424 .91keV
AREA : Gross = 10520 Net = 7388 +/~ 258
CENTROID : 131.14 = 418.47keV

SHAPE : Fwhm = 6.57keV Fwtm = 14.57keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.148 +/- 0.01

RANGE : 286 = 454.26keV to 408 = 482.46keV
AREA : Gross = 10105 Net = 7809 +/- 229
CENTROID : 379.26 = 475.82keV

SHAPE : Fwhm = 10.24keV Fwtm = 17.30keV

ID : SB-125 at 463.38keV

Corrected Rate = @.156 +/- 0.00

RANGE : 560 = 517.59keV to 646 = 537.47keV
AREA : Gross = 3189 Net = 2391 +/~- 115
CENTROID : 616.98 = 530.76keV

SHAPE : Fwhm = 8.45keV Fwtm = 13.69keV

ID : No close library match

50000.0



MCB

ROTI

ROI

ROI

ROI

L
AL TR
it
ACQ ©2-03-95 AT ©9:14:48 RT : 80008.1 LT : 80000.0
No detector description was entered
NOPI-116 Th 2/6/95
RANGE : 32 = 398.17keV to 71 = 407.07keV
AREA : Gross = 377 Net = 167 +/- 37
CENTROID : 46.53 = 401.49keV
SHAPE : Fwhm = 1.64keV Fwtm = 2.03keV
ID : No close library match
RANGE : 168 = 429.21keV to 367 = 474.63keV
AREA : Gross = 56031 Net = 55000 +/- 297
CENTROID : 339.16 = 468.28keV
SHAPE : Fwhm = 5.51keV Fwtm = 14.61lkeV
ID : SB-125 at 463.38keV
Corrected Rate = 0.688 +/- 0.00
RANGE : 556 = 517.77keV to 689 = 548.12keV
AREA : Gross = 10588 Net = 10119 +/- 142
CENTROID : 661.90 = 541.94keV
SHAPE : Fwhm = 4.68keV Fwtm = 15.71keV
ID : No close library match
RANGE : 710 = 552.92keV to 833 = 580.99keV
AREA : Gross = 3469 Net = 3179 +/- 94
CENTROID : 773.05 = 567.31keV
SHAPE : Fwhm = 6.24keV Fwtm = 18.96keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-117

NOPI-117

FILENAME=

NP117U.CHN
NP117TH.CHN

Sep.date | 1/30/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
| 0.5071 | 0.9938 ] 454.83 I 1/22/93 r 738 [446.06824| Th-228/U-232=| 0.5849683
Counting time for Th=] 1333.468 (mins.) Counting time for U=| 833.398 {mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=| 1.0022081
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
I 279 | 46444 | 19028 | 5811 | 6688 | 6788 | 5602 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 1 | 5 | 36 | 88 | 1 | 1 | 8 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 278 | 46439 [18493.606] 5723 | 6687 | 6787 |5581.6751]
U-238(dpm/g)=|1047.3057] + | 18.96836
U-234(dpm/g)=[ 1062.9675] + | 19.18727
Th-232(dpm/g)=| 7.687094 | + | 0.463576
Th-230(dpm/g)={ 1284.1042]| + | 11.05266
U-234/U-238=| 1.0149544} + | 0.017487
Th-230/U-234=| 1.2080371| + | 0.015698
Th-230/Th-232=| 167.04676} + | 10.03082
U234/Th-232=| 138.2795 | £ | 8.704593
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [1403864.7
(m-1)
Th(ppb)= [31460.377
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641

260.93577 26.079847

Page 1



0P NTU L

MCB # 1 ACQ 02-01-95 AT 14:30:58 RT : 50003.9 LT : 50000.0
No detector description was entered
NOPI-117 U 2/2/95

ROI # 10-1 RANGE : 38 = 403.12keV to 149 = 428.82keV
AREA : Gross = 6744 Net = 6688 +/- 88
CENTROID : 117.00 = 421.41keV
SHAPE : Fwhm = 7.97keV Fwtm = 15.77keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.134 +/- @.00

ROI # 10-2 RANGE : 282 = 459.63keV to 396 = 486.0@3keV
AREA : Gross = 6926 Net = 6788 +/- 96
CENTROID : 365.37 = 478.93keV
SHAPE : Fwhm = 8.91keV Fwtm = 15.40keV
ID : SB-125 at 463.38keV
Corrected Rate = @.136 +/- 0.00

ROI # 10-3 RANGE : 544 520.30keV to 630 = 540.22keV
AREA : Gross 6108 Net = 5602 +/- 112

CENTROID : 603.51 = 534.08keV
SHAPE : Fwhm = 9.08keV Fwtm = 14.62keV

ID : No close library match



ppnl Th:- ¢

‘.' MCB # 1 ACQ ©2-03-95 AT 09:14:48 RT : 80008.1 LT : 80000.0
No detector description was entered
NOPI-117 Th 2/6/95

ROI # 9-1 RANGE : 20 = 392.78keV to 75 = 405.50keV
AREA : Gross = 439 Net = 279 +/~- 40
CENTROID : 57.46 = 401.44keV
SHAPE : Fwhm = 2.65keV Fwtm = 6.51keV

ID : No close library match

ROI # 9-2 RANGE : 230 = 441.32keV to 376 = 475.06keV
AREA : Gross = 46613 Net = 46444 +/- 225
CENTROID : 346.02 = 468.13keV
SHAPE : Fwhm = 4.57keV Fwtm = 13.12keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.581 +/- 0.00

ROI # 9-3 RANGE : 589 = 524.29keV to 695 = 548.79keV
AREA : Gross = 19295 Net = 19028 +/~- 153
CENTROID : 667.14 = 542,35keV
SHAPE : Fwhm = 4.46keV Fwtm = 14.70keV
ID : No close library match

ROI # 9-4 RANGE : 710 = 552.26keV to 834 = 580.92keV
AREA : Gross = 6123 Net = 5811 +/- 110
CENTROID : 777.00 = 567.74keV
SHAPE : Fwhm = 6.52keV Fwtm = 13.90keV

ID : No close library match



NOPI-118

FILENAME= NP118U.CHN

NP118TH.CHN

Sep. date | 1/30/95

U and Th Isotope Activities

Sample # NOPI-118

Page 1

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn yU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
[0.5027 | 0.9974 | 454.83 | 1/22/93 | 738 |446.06824] Th-228/U-232=| 0.5849683
Counting time for Th=] 1333.468 (mins.) Counting time for U=] 833.398 {mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=| 1.0022081
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 264 | 29905 | 17222 | 4523 | I 5994 | 6496 | 7182 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 [ 2 | 30 { 105 | | 1 | 5 | 15 |
Th-232* Th-230* Th-228sp Ra-224* U-238* u-234* U-232sp
counts counts counts counts counts counts counts
[ 263 | 29903 ]16770.091]| 4418 | [ 5993 | 6491 [7151.2094]
. U-238(dpm/g)={741.69708| + | 12.97589
. U-234(dpm/g)=| 803.32984| + | 13.75497
Th-232(dpm/g)={8.1192221]| + | 0.503519
Th-230(dpm/g)={923.15247| + | 8.83069
U-234/U-238={ 1.0830969| + | 0.019398
Th-230/U-234={1.1491574| + | 0.01573
Th-230/Th-232={113.69962| + | 7.028548
U234/Th-232={98.941725| + | 6.365516
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 994210.53
(m-1)
Th(ppb)= |33228.914
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2612.1641 260.93577 26.079847



MCB

ROI

ROI

# 1

# 11-1

# 11-2

# 11-3

NP NN cH™

ACQ 02-01-95 AT 14:30:58 RT : 50003.9 LT : 50000.0
No detector description was entered
NOPI-118 U 2/2/95

RANGE : 62 = 401.93keV to 169 = 426.58keV
AREA : Gross = 5994 Net = 5994 +/- 77
CENTROID : 137.82 = 419.40keV

SHAPE : Fwhm = 6.76keV Fwtm = 13.23keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.120 +/- Q.00

RANGE : 305 = 457.91keV to 416 = 483.48keV
AREA : Gross = 6606 Net = 6496 +/- 92
CENTROID : 389.47 = 477.37keV

SHAPE : Fwhm = 7.12keV Fwtm = 13.45keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.130 +/- .00

RANGE : 573 = 519.65keV to 654 = 538.31keV
AREA : Gross = 7538 Net = 7182 +/~- 108
CENTROID : 626.38 = 531.95keV

SHAPE : Fwhm = 5.25keV Fwtm = 12.93keV

ID : No close library match



‘.’ MCB

ROI

ROI

ROI

ROI

10-1

10-2

10

}
w

10-4

NP\\%

ACQ 02-03-95 AT ©09:14:48 RT : 80008.1 LT

No detector description was entered

NOPI-118 Th 2/6/95

RANGE : 10 = 396.63keV to 60 = 408.21keV
AREA : Gross = 392 Net = 264 +/- 35
CENTROID : 40.70 = 403.75keV

SHAPE : Fwhm = 0.90keV Fwtm = 5.01keV

ID : No close library match

RANGE : 219 = 445.04keV to 364 = 478.62keV
AREA : Gross = 29997 Net = 29905 +/- 179
CENTROID : 332.26 = 471.26keV

SHAPE : Fwhm = 4.49keV Fwtm = 13.09keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.374 +/- 0.00

RANGE : 569 = ©523.77keV to 683 = §552,.49keV
AREA : Gross = 17472 Net = 17222 +/- 149
CENTROID : 652.47 = 545.42keV

SHAPE : Fwhm = 4.21keV Fwtm = 14.87keV

ID : No close library match

RANGE : 707 = 558.05keV to 829 = 586.30keV
AREA : Gross = 4814 Net = 4523 +/- 101
CENTROID : 763.98 = 571.24keV

SHAPE : Fwhm = 5.12keV Fwtm = 11.42keV

ID : No close library match

W-‘HVJ

80000.0



NOPI-119

- U and Th Isotope Activities FILENAME= NP119U.CHN
NP119TH.CHN
Sample # NOPI-119 Sep.date | 1/23/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g_;) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
| o506 | 1.002 | 454.83 | 1/22/93 | 731 [446.15055] Th-228/U-232=| 0.5817043
Counting time for Th=| 960.16 (mins.) Counting time for U=] 500.05 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9976879 CF for U-232=| 1.0020966
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 292 | 27130 | 17197 | 2322 | | 8567 | 3707 | 3907 |
Bkgd_ Bkgd Bkgd bkgd bkgd bkgd bkgd
L2 [ 2 | 3 [ 1 | 2 [ 1 | 5 1]
Th-232* Th-230" Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 290 | 27128 [16820.548| 2321 | [ 3566 | 3706 [3893.8362]
U-238(dpm/g)=| 809.10019| + | 18.73724
. U-234(dpm/g)=| 840.8652 | + | 19.27968

H

Th-232(dpm/g)=[8.8605116 0.522906
Th-230(dpm/g)=|828.85503| + | 8.079072

U-234/U-238=| 1.0392597| + [ 0.024375
Th-230/U-234={0.9857169] + | 0.01726
Th-230/Th-232=]| 93.544828| + | 5.503678
U234/Th-232=[94.900299] + | 6.008409

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |1084561.3

(m-1)
Th(ppb)= [36262.733

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2598.0684 259.52771 25.939115

Page 1



Jp A e

‘.' MCB # 1 ACQ ©1-25-95 AT 13:11:41 RT : 30002.9 LT : 30000.0
No detector description was entered
NOPI-119 U 1/26/95

ROI # 10-1 RANGE : 33 = 401.96keV to 146 = 428.13keV
AREA : Gross = 3568 Net = 3567 +/- 60
CENTROID : 118.37 = 421.73keV
SHAPE : Fwhm = 8.11keV Fwtm = 15.08keV
ID : SB-125 at 427.89keV
Corrected Rate = ©0.119 +/- 0.00

ROI # 10-2 RANGE : 278 = 458.70keV to 395 = 485.79keV
AREA : Gross = 3707 Net = 3707 +/- 61
CENTROID : 366.94 = 479.30keV
SHAPE : Fwhm = 7.74keV Fwtm = 15.48keV
ID : No close library match

ROI # 10-3 RANGE : 563 = 524.70keV to 630 = 540.22keV
AREA : Gross = 4732 Net = 3907 +/- 111
CENTROID : 604.29 = 534.26keV
[ SHAPE : Fwhm =  6.35keV Fwtm = 11.93keV

ID : No close library match



“)PHQ’TH:CH“)

MCB # 1 ACQ ©1-25-95 AT 16:49:43 RT : 57609.7 LT : 57603.1
No detector description was entered
NOPI-119 Th 1/26/95%

ROI # 3-1 RANGE : 55 = 3.89keV to 114 = 4.03keV
AREA : Gross = 292 Net = 292 +/- 17
CENTROID : 96.29 = 3.99keV
SHAPE : Fwhm = @.01keV Fwtm = @.10keV
ID : No close library match

ROI # 3-2 RANGE : 271 = 4.41keV to 389 = 4.69keV
AREA : Gross = 27225 Net = 27130 +/- 170
CENTROID : 368.76 = 4.64keV
SHAPE : Fwhm = 0.04keV Fwtm = Q.12keV

ID : No close library match

ROI # 3-3 RANGE : 569 = 5.12keV to 700 = 5.43keV
AREA : Gross = 17412 Net = 17197 +/- 147
CENTROID : 674.52 = 5.37keV
SHAPE : Fwhm = 9.24keV Fwtm = @.13keV

ID : No close library match

ROI # 3-4 RANGE : 720 = 5.48keV to 834 = 5.76keV
AREA : Gross = 2455 Net = 2322 +/- 69
CENTROID : 782.11 = 5.63keV
SHAPE : Fwhm = ©.05keV Fwtm = 0.12keV

ID : No close library match



NOPI-120

. U and Th Isotope Activities FILENAME= NP120U.CHN
NP120TH.CHN
Sample # NOPI-120 Sep. date | 1/23/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (Q) (dpm/g) of spike ref. and sep. (dpm/g)
| 05216 | 1.0061 | 454.83 | 1/22/93 | 731 [446.15055| Th-228/U-232=| 0.5817043
Counting time for Th=] 833.36 (mins.) Counting time for U=} 500.05 (mins.)
Days btwn. sep. and count.= 3 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9967422 CF for U-232=| 1.0020966
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 271 | 22848 | 14048 | 3392 | | 3118 | 3141 | 3560 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 3 | 7 | 13 | 24 | | 0 | 3 | 10 |
Th-232" Th-230" Th-228sp Ra-224~ U-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 268 | 22841 |13633.785] 3368 | [ 3118 [ 3138 [3542.5726]
U-238(dpm/g)=| 757.42973| + | 18.57815
. U-234(dpm/g)=| 762.28816| + | 18.66079
Th-232(dpm/g)=]9.8402391| + | 0.60349
Th-230(dpm/g)=|838.66008] + [ 8.991751
U-234/U-238=)1.0064144| + | 0.025442
Th-230/U-234={1.1001877| + | 0.020936
Th-230/Th-232=]85.227612| + | 5.207822
U234/Th-232=}77.466427| + [ 5.115419

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 11015299.4

(m-1)
Th(ppb)= |40272.388

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2598.0684 259.52771 25.939115

Page 1



MCB

ROI

ROI

ROI

# 11-1

# 11-2

# 11-3

W
ACQ ©1-25-95 AT 13:11:42 RT : 30002.9 LT
No detector description was entered
NOPI-120 U 1/26/95
RANGE : 54 = 400.08keV to 164 = 425.43keV
AREA : Gross = 3119 Net = 3118 +/- 56
CENTROID : 137.13 = 419.24keV
SHAPE : Fwhm = 6.58keV Fwtm = 14.61keV
ID : SB-125 at 427 .89keV
Corrected Rate = 0.104 +/- 0.00
RANGE : 289 = 454.22keV to 419 = 484.17keV
AREA : Gross = 3142 Net = 3141 +/- 56
CENTROID : 385.98 = 476.57keV
SHAPE : Fwhm = 8.26keV Fwtm = 14.21keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.105 +/- 0.00
RANGE : 569 = 518.73keV to 6590 = 537.39keV
AREA : Gross = 3914 Net = 3560 +/- 90
CENTROID : 625.46 = 531.74keV
SHAPE : Fwhm = 7.94keV Fwtm = 14.23keV

ID : No close library match

30000.0



MCB

ROI

ROI

ROI

ROI

N PLlzOTh-C HW

ACQ ©01-26-95 AT ©9:16:09 RT : 50001.7 LT : 50000.0
No detector description was entered
NOPI-120 Th 1/27/95

RANGE : 37 = 3.88keV to 84 = 4.00keV
AREA : Gross = 272 Net = 271 +/- 17
CENTROID : 73.09 = 3.97keV

SHAPE : Fwhm = Q.02keV Fwtm = @.04keV

ID : No close library match

RANGE : 219 = 4.33keV to 355 = 4.67keV
AREA : Gross = 22985 Net = 22848 +/- 161
CENTROID : 335.28 = 4.62keV

SHAPE : Fwhm = Q.04keV Fwtm = 2.13keV

ID : No close library match

RANGE : 553 = 5.16keV to 656 = 5.42keV
AREA : Gross = 14324 Net = 14048 +/- 136
CENTROID : 631.65 = 5.36keV

SHAPE : Fwhm = ©.04keV Fwtm = Q.1l4keV

ID : No close library match

RANGE : 682 = 5.48keV to 787 = 5.74keV
AREA : Gross = 3568 Net = 3392 +/- 80
CENTROID : 736.66 = 5.62keV

SHAPE : Fwhm = ©.04keV Fwtm = Q.10keV

ID : No close library match



U and Th iIsotope Activities

Sample # NOPI-121

NOPI-121

FILENAME=

NP121U.CHN
NP121TH.CHN

Sep. date

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
o508 | 1.0012 | 454.83 | 1/22/93 | 738 [446.06824] Th-228/U-232=| 0.5849683
Counting time for Th=| 1333.468 (mins.) Counting time for U=] 1230.87 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=|_1.002341
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 265 | 1650 | 14460 | 3846 | | 1468 | 2138 | 31756 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| + | 38 [ 54 | 34 | | 18 | 16 [ 18 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* uU-234* U-232sp
counts counts counts counts counts counts counts
[ 264 | 1647 |14002.989] 3812 | 1450 [ 2122 [31663.874]
U-238(dpm/g)=[40.258945] + [ 1.074762
U-234(dpm/g)=|58.916884| + | 1.31639
Th-232(dpm/g)=| 9.6955825 0.601028
Th-230(dpm/g)=|60.487214 1.571756
U-234/U-238=| 1.4634483| = | 0.049605
Th-230/U-234=| 1.0266533( + | 0.033642
Th-230/Th-232=|6.2386364| + | 0.412866
U234/Th-232=|6.0766729| + | 0.400413
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |53965.248
(m-1)
Th(ppb)= [39680.363
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641 260.93577 26.079847

Page 1



MCB

ROT

ROTI

ROI

# 12-1

# 12-2

# 12-3

NP\'L\\L-C““

ACQ ©02-01-95 AT 14:30:58 RT : 73852.3 LT : 73847.4
No detector description was entered
NOPI-121 U 2/2/95

RANGE : 61 = 401.61keV to 161 = 424.76keV
AREA : Gross = 1704 Net = 1468 +/- 72
CENTROID : 139.67 = 419.82keV

SHAPE : Fwhm = 7.69keV Fwtm = 13.51keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.020 +/- ©.00

RANGE : 304 = 457.87keV to 413 = 483.10keV
AREA : Gross = 2399 Net = 2138 +/- 82
CENTROID : 386.39 = 476.94keV

SHAPE : Fwhm = 5.12keV Fwtm = 12.70keV

ID : No close library match

RANGE : 559 = 516.91keV to 657 = 539.60KkeV
AREA : Gross = 34560 Net = 31756 +/- 274
CENTROID : 623.85 = 531.92keV

SHAPE : Fwhm = 9.53keV Fwtm = 15.08keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

11

t
[y

11-2

11-3

11-4

ACQ 02-03-95 AT ©09:14:48 RT : 80@08.1 LT
No detector description was entered

NOPI-121 Th 2/6/95

RANGE : 15 = 391.10keV to 79 = 405.84keV
AREA : Gross = 306 Net = 265 +/- 26
CENTROID : 54.74 = 400.26keV

SHAPE : Fwhm = @.73keV Fwtm = 7.61keV

ID : No close library match

RANGE : 278 = 451.69keV to 376 = 474.27keV
AREA : Gross = 1650 Net = 1650 +/~ 41
CENTROID : 351.97 = 468.73keV

SHAPE : Fwhm = 4.22keV Fwtm = 12.78keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.021 +/~- 0.00

RANGE : 581 = 521.50keV to 701 = 549.14keV
AREA : Gross = 14727 Net = 14460 +/- 140
CENTROID : 672.820 = 542.64keV

SHAPE : Fwhm = 4.70keV Fwtm = 14.86keV

ID : No c¢lose library match

RANGE : 719 = 553.29keV to 808 = 573.79keV
AREA : Gross = 3922 Net = 3846 +/- 70
CENTROID : 782.70 = 567.96keV

SHAPE : Fwhm = 5.89keV Fwtm = 12.39keV

ID : No close library match

of1z L Th £

80000.0



NOPI-122

U and Th Isotope Activities FILENAME= NP122U.CHN
NP122TH.CHN
Sample # NOPI-122 Sep. date | 1/30/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/qg) of spike  ref. and sep. (dpm/g)
[ o511 | 1.0018 | 454.83 | 1/22/93 [ 738 |446.06824]| Th-228/U-232=| 0.5849683
Counting time for Th=| 1333.468 (mins.) Counting time for U=] 1231.333 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=| 1.0023412
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 u-232
counts counts counts counts counts counts counts
| 318 | 4025 | 16848 | 3855 | | 3094 | 3929 209373 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
I 16 | 19 | 832 | 45 | Il 26 | 15 10 |
Th-232* Th-230* Th-228sp  Ra-224" U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 302 | 4006 | 16385.79 | 3810 | [ 3068 | 3914 |29294.416]
U-238(dpm/g)=[91.586601 = | 1.731086
U-234(dpm/g)=| 116.84158| + | 1.984803
Th-232(dpm/g)=[9.4282982| + | 0.533679
Th-230(dpm/g)=[ 125.06544| + [ 2.194182
U-234/U-238=|1.2757497| + [ 0.030664
Th-230/U-234=(1.0703847| + | 0.024005
Th-230/Th-232=( 13.264901| + | 0.772685
U234/Th-232=|12.392647| + | 0.73238
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |[122767.59
(m-1)
Th(ppb)= |38586.469
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2612.1641 260.93577 26.079847

Page 1



MCB

ROI

ROI

‘.' ROI

# 13-1

# 13-2

# 13-3

e

NPz
ACQ ©2-01-95 AT 14:302:58 RT : 73880.0 LT 73875.1
No detector description was entered
NOPI-122 U 2/2/95
RANGE : 47 = 401.31keV to 151 = 425.,34keV
AREA : Gross = 3320 Net = 3094 +/- 83
CENTROID : 124.00 = 419.10KkeV
SHAPE : Fwhm = 7.56keV Fwtm = 12.89%keV
ID : SB-125 at 427.89keV
Corrected Rate = ©.042 +/- 0.00
RANGE : 297 = 459.08keV to 405 = 484.03keV
AREA : Gross = 4216 Net = 3929 +/- 94
CENTROID : 374.02 = 476.87keV
SHAPE : Fwhm = 7.72keV Fwtm = 13.97keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.053 +/- ©0.00
RANGE : 539 = 514.99keV to 641 = 538.56keV
AREA : Gross = 31552 Net = 29373 +/- 254
CENTROID : 608.86 = 531.13keV
SHAPE : Fwhm = 9.22keV Fwtm = 14.16keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

12-1

12

i
N

12-3

12-4

ACQ ©2-03-95 AT ©9:14:48 RT : 80008.1 LT
No detector description was entered

NOPI-122 Th 2/6/95

RANGE : 12 = 390.26keV to 77 = 405.31keV
AREA : Gross = 504 Net = 318 +/- 47
CENTROID : 55.89 = 400 .42keV

SHAPE : Fwhm = 3.75keV Fwtm = 7.47keV

ID : No close library match

RANGE : 259 = 447.45keV to 372 = 473.61lkeV
AREA : Gross = 4157 Net = 4025 +/- 80
CENTROID : 344.87 = 467.33keV

SHAPE : Fwhm = 5.57keV Fwtm = 15.71keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.050 +/- 0.00

RANGE : 547 = 514.13keV to 700 = 549.55keV
AREA : Gross = 17310 Net = 16848 +/- 168
CENTROID : 666.43 = 541.78keV

SHAPE : Fwhm = 6.05keV Fwtm = 17.31keV

ID : No close library match

RANGE : 711 = 552.10keV to 808 = 574.56keV
AREA : Gross = 4085 Net = 3855 +/- 86
CENTROID : 777.62 = 567.52keV

SHAPE : Fwhm = 7.76keV Fwtm = 14.94keV

ID : No close library match

80000.0

J



NOPI-123

FILENAME= NP123U.CHN

NP123TH.CHN

Sep.date { 1/30/95

U and Th Isotope Activities

Sample # NOPI-123

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
[ 0.513 [ 1.0045 | 454.83 | 1/22/93 | 738 |446.06824] Th-228/U-232=| 0.5849683
Counting time for Th=] 1333.468 {mins.) Counting time for U=] 1231.752 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9955824 CF for U-232=| 1.0023413
Th-232 Th-230 Th-228 Ra-224 uU-238 U-234 U-232
counts counts counts counts counts counts counts
| 262 | 2856 | 15196 | 3659 | | 3149 | 3523 | 36907 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 8 | 26 | 20 | 11 | | 20 | 17 | 268 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 254 | 2830 [14795.137| 3648 | [ 3129 | 3506 |36794.851]
U-238(dpm/g)=|74.276665| + { 1.37894
' U-234(dpm/g)=[83.225947| + | 1.467574
Th-232(dpm/g)=| 8.7716425] + | 0.546566
Th-230(dpm/g)=|97.731293| £ { 1.993208
U-234/U-238=(1.1204858| £+ | 0.027478
Th-230/U-234=[1.1742888] + | 0.029568
Th-230/Th-232=[11.141732| + | 0.719219
U234/Th-232=|9.4880686] + [ 0.614424
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |99564.423
(m-1)
Th(ppb)= |35899.025
Spike 26A  Spike 25B  Spide 25C

10/9/92

Th-228 (dpm/g)= 2612.1641 260.93577 26.079847

Page 1



N
NIV

MCB # 1 ACQ ©02-@1-95 AT 14:30:59 RT : 73905.1 LT : 73900.2
No detector description was entered
NOPI-123 U 2/2/95

ROI # 14-1 RANGE : 75 = 406.51keV to 153 = 424.46keV
AREA : Gross = 3151 Net = 3149 +/- 56
CENTROID : 131.27 = 419.46keV
SHAPE : Fwhm = 4.34keV Fwtm = 10.95keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.043 +/- 0.00

ROI # 14-2 RANGE : 324 = 463.82keV to 404 = 482.24keV
AREA : Gross = 3564 Net = 3523 +/- 64
CENTROID : 381.49 = 477.06keV
SHAPE : Fwhm = 4.36keV Fwtm = 10.71keV

ID : No close library match

ROI # 14-3 RANGE : 558 = ©517.69keV to 646 = 537,94keV
AREA : Gross = 37382 Net = 36907 +/- 209
CENTROID : 618.18 = 531.54keV
SHAPE : Fwhm = 3.83keV Fwtm = 11.71keV

ID : No close library match



ROI

ROI

ROI

ROI

13-1

13-2

13-3

13-4

ACQ ©02-03-95 AT ©09:14:49 RT : 80008.1 LT
No detector description was entered

NOPI-123 Th 2/6/95

RANGE : 12 = 393.22keV to 64 = 405.24keV
AREA : Gross = 403 Net = 262 +/- 37
CENTROID : 49.43 = 491.87keV

SHAPE : Fwhm = @.63keV Fwtm = 6.24keV

ID : No close library match

RANGE : 250 = 448.22keV to 361 = 473.86keV
AREA : Gross = 3078 Net = 2856 +/- 82
CENTROID : 334.86 = 467.82keV

SHAPE : Fwhm = 4.71keV Fwtm = 14.49keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.036 +/- 0.00

RANGE : 536 = 514.30keV to 685 = 548.73keV
AREA : Gross = 15533 Net = 15196 +/- 153
CENTROID : 655.47 = 541.90keV

SHAPE : Fwhm = 4.99keV Fwtm = 15.93keV

ID : No close library match

RANGE : 704 = 553.12keV to 796 = 574.37keV
AREA : Gross = 3845 Net = 3659 +/- 80
CENTROID : 766.05 = 567.45keV

SHAPE : Fwhnm = 6.45keV Fwtm = 13.60keV

ID : No close library match

MP{277(k"(WkJ

80000.0



NOPI-307

U and Th Isotope Activities FILENAME= NP307U.CHN

NP307TH.CHN

Sample # NOPI-307

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/qg) of spike ref. and sep. (dpm/g)
[ 05032 | 0.9973 | 454.83 | 1/22/93 | 741 [446.03297] Th-228/U-232=| 0.5863609
Counting time for Th=| 833.47 (mins.) Counting time for U=] 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 244 [ 12578 | 12662 | 4945 | | 6106 | 8101 | 14970 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 4 | 6 | 14 [ 22 | | =2 5 3 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 240 | 12572 [12236.979] 4923 | 6104 8096 |[14877.764]
U-238(dpm/g)=| 362.68452] £ | 5.507238
U-234(dpm/g)=|481.04422| + | 6.634955
Th-232(dpm/g)=[10.166096] + | 0.657058
Th-230(dpm/g)=[532.53399| + [ 6.704016
U-234/U-238=|1.3263434| £+ |{ 0.022478
Th-230/U-234=11.1070375] £ | 0.015771
Th-230/Th-232=(52.383333| + | 3.38587
U234/Th-232=|147.318481| + | 3.127168
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |486161.78
{m-1)
Th(ppb)= |{41605.997
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987
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MCB # 1

ROI #

ROI #

ROI #

2-1

2-2

2-3

ACQ 02-08-95 AT 15:59:26 RT : 40006.7 LT : 40000.0
No detector description was entered
NOPI-3@7 U 2/9/95

RANGE : 63 = 3.94keV to 169 = 4.21keV
AREA : Gross = 6130 Net = 6103 +/- 81
CENTROID : 151.55 = 4.17keV

SHAPE : Fwhm = Q.07keV Fwtm = @.13keV

ID : No close library match

RANGE : 287 = 4.51keV to 401 = 4.80keV
AREA : Gross = 8244 Net = 8101 +/- 103
CENTROID : 383.55 = 4.76keV

SHAPE : Fwhm = Q.08keV Fwtm = @.15keV

ID : No close library match

RANGE : 541 = 5.16keV to 624 = 5.37keV
AREA : Gross = 16088 Net = 1497@ +/- 172
CENTROID : 599.42 = 5.31keV

SHAPE : Fwhm = Q.04keV Fwtm = Q.13keV

ID : No close library match



NP 3o TTHCHY

‘.’ MCB # 1 ACQ 02-09-95 AT 11:40:14 RT : 50008.
No detector description was entered
NOPI-3@7 Th 2/10/95

3]

LT : 50000.0

ROI # 1-1 RANGE : 27 = 3.86keV to 90 = 4.01keV
AREA : Gross = 276 Net = 244 +/- 24
CENTROID : 62.52 = 3.94keV
SHAPE : Fwhm = 0.01keV Fwtm = Q.05keV

ID : No close library match

ROTI # 1-2 RANGE : 230 = 4,36keV to 357 = 4.68keV
AREA : Gross = 12686 Net = 12578 +/- 122
CENTROID : 335.51 = 4.62keV
SHAPE : Fwhm = 0.04keV Fwtm = @.13keV

ID : No close library match

ROI # 1-3 RANGE : 511 = 5.06keV to 655 = 5.41keV
AREA : Gross = 13120 Net = 12662 +/- 153
CENTROID : 631.30 = 5.36keV

‘.' SHAPE : Fwhn = 0.04keV Fwtm = @.15keV

ID : No c¢lose library match

ROI # 1-4 RANGE : 667 = 5.44keV to 758 = 5.67keV
AREA : Gross = 5419 Net = 4945 +/- 108
CENTROID : 729.87 = 5.60keV
SHAPE : Fwhm = Q.08keV Fwtm = 0.16keV

ID : No close library match



NOPI-397

U and Th Isotope Activities FILENAME= NP397U.CHN
NP397TH.CHN
Sample # NOPI-397 Sep. date 2/2/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.2934 | 0.9995 | 454.83 | 1/22/93 | 741 [446.03297| Th-228/U-232=| 0.5863609
Counting time for Th=] 833.47 {mins.) Counting time for U=] 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 170 | 12435 | 10952 | 5261 | | 10842 14313 [ 22747 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| I | 2 [ 9o [ 12 | L2 5 1 1
Th-232* Th-230* Th-228sp Ra-224* U-238* uU-234* U-232sp
counts counts counts counts counts counts counts
[ 169 | 12433 [10573.202] 5249 | 10840 14308 | 22610.384 |
U-238(dpm/g)=|728.46889| £+ | 8.501446
U-234(dpm/g)=}961.562517] + | 10.25855
Th-232(dpm/g)=} 14.240816| =+ | 1.100665
Th-230(dpm/g)={ 1047.669 | £ | 13.72909
U-234/U-238={1.3199262| + | 0.016805
Th-230/U-234=[1.0895908| + | 0.013357
Th-230/Th-232=| 73.568047| + | 5.68085
U234/Th-232=[67.518968] + | 5.267989
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |976478.75
{m-1)
Th(ppb)= [58282.288
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987
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ROI

ROI

Neef\’\"“'(/w

ACQ ©02-08-95 AT 15:59:26 RT : 40006.7 LT : 40000.0
No detector description was entered
NOPI-397 U 2/9/95

RANGE : 65 = 3.91keV to 195 = 4.22keV
AREA : Gross = 11169 Net = 10842 +/- 133
CENTROID : 172.03 = 4.17keV

SHAPE : Fwhm = ©.10keV Fwtm = @.19keV

ID : No close library match

RANGE : 302 = 4.,48keV to 429 = 4.78keV
AREA : Gross = 14467 Net = 14313 +/- 132
CENTROID : 397.59 = 4.71keV

SHAPE : Fwhm = @.1l1lkeV Fwtm = @.20keV

ID : No close library match

RANGE : 551 = 5.08keV to 651 = 5.32keV
AREA : Gross = 24565 Net = 22747 +/- 227
CENTROID : 624.53 = 5.25keV

SHAPE : Fwhm = ©0.12keVv Fwtm = @.18keV

ID : No close library match



MCB

ROI

ROI

ROI

ROT

ACQ 02-09-95 AT 11:40:14 RT : 50008.

No detector description was entered
NOPI-397 Th 2/1@/95

RANGE : 43 = 3.89keV to 91 =
AREA : Gross = 170 Net = 170
CENTROID : 79.13 = 3.98keV
SHAPE : Fwhm = ©.03keV Fwtm =

ID : No close library match

RANGE : 234 = 4.38keV to 363 =
AREA : Gross = 12597 Net = 12435
CENTROID : 345.08 = 4.66keV
SHAPE : Fwhm = 0.04keV Fwtm =

ID : No c¢lose library match

RANGE : 517 = 5.10keV to 667 =
AREA : Gross = 11217 Net = 10952
CENTROID : 640.98 = 5.41keV
SHAPE : Fwhm = ©.03keV Fwtm =

ID : No close library match

RANGE : 676 = 5.50keV to 765 =
AREA : Gross = 5531 Net = 5261
CENTROID : 741.11 = 5.67keV
SHAPE : Fwhm = 0.06keV Fwtm =

ID : No close library match

%

JPATTNER™

2 LT
4.01keV
+/- 13
.09keV
4.71keV
+/- 126
.13keV
5.48keV
+/~- 132
.14keV
5.73keV
+/~- 95
.13keV

50000.0



NOPI-398

U and Th Isotope Activities FILENAME= NP398U.CHN
NP398TH.CHN
Sample # NOPI-398 Sep. date 2/2/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/qg) of spike ref. and sep. (dpm/g)
| 0.5054 | 0.9959 | 454.83 | 1/22/93 [ 741 |446.03297] Th-228/U-232=| 0.5863609
Counting time for Th={ 833.47 (mins.) Counting time for U=] 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228={ 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 456 | 34503 [ 16959 | 6760 | 10935 | 12765 [ 10800 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
.+ 1 2 | 3 1 1 ] 4 | 6 | 16 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 455 ] 34501 | 16263.23 ] 6759 | 10931 | 12759 [10719.704]
U-238(dpm/g)=|896.24053| + | 12.15859
U-234(dpm/g)=| 1046.1196| + | 13.67706
Th-232(dpm/g)=| 14.418401] + | 0.684221
Th-230(dpm/g)=| 1093.295 | + | 10.25303
U-234/U-238=] 1.1672308| + | 0.015209
Th-230/U-234=} 1.0450957| + | 0.010827
Th-230/Th-232=|75.826374| + | 3.574283
U234/Th-232=| 72.554481] + | 3.571332
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= [1201368.9
{m-1)
Th(ppb)= |59009.076
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987

Page 1



MCB

ROI

ROI

ROI

ACQ ©2-08-95 AT 15:59:26 RT : 40006.7 LT

No detector description was entered

NOPI-398 U 2/9/95

RANGE : 25 = 3.81keV to 165 = 4.19keV
AREA : Gross = 11478 Net = 10935 +/- 152
CENTROID : 134.87 = 4.11keV

SHAPE : Fwhm = Q.1l4keV Fwtm = @.27keV

ID : No close library match

RANGE : 234 = 4.37keV to 384 = 4.77keV
AREA : Gross = 13166 Net = 12765 +/- 150
CENTROID : 348.17 = 4.68keV

SHAPE : Fwhm = Q.1l4keV Fwtm = @.25keV

ID : No close library match

RANGE : 489 = 5.06keV to 590 = 5.33keV
AREA : Gross = 12958 Net = 10800 +/- 213
CENTROID : 554.33 = 5.23keV

SHAPE : Fwhm = ©.12keV Fwtm = @.21keV

ID : No close library match

30\% \)\"/\h\

40000.0



W ch

ROI

ROI

ROI

ROI

ACQ ©02-09-95 AT 11:40:14 RT 50008
No detector description was entered
NOPI-398 Th 2/10/95

RANGE 50 = 3.88keV to 118 =
AREA Gross = 491 Net = 456
CENTROID 100.48 = 4,00keV

SHAPE Fwhm = ©.05keV Fwtm = .
ID : No close library match

RANGE 250 = 4.36keV to 390 =
AREA Gross = 34622 Net = 34503
CENTROID 367.64 = 4.64keV

SHAPE Fwhm = 0.05keV Fwtm = Q.
ID : No c¢lose library match

RANGE 560 = 5.10keV to 695 =
AREA Gross = 17387 Net = 16959
CENTROID 672.78 = 5.37keV

SHAPE Fwhm = Q.05keV Fwtm = Q.
ID : No close library match

RANGE 705 = 5.45keV to 805 =
AREA Gross = 7618 Net = 6760
CENTROID : 773.68 = 5.61keV

SHAPE Fwhm = @.028keV Fwtm = Q.

ID : No close library match

N P.Bﬁ%

.2 LT

4.04keV
+/- 29

llkeV

4.69%9keV
+/- 193

l4keV

5.42keV
+/- 162

15keV

5.69keV
+/- 143

l4keV

1w\~aﬂﬁ¢

50000.0



U and Th Isotope Activities

Sample # NOPI-399

NOPI-399

FILENAME=

NP399U.CHN
NP399TH.CHN

Sep. date 2/2/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/q) of spike ref. and sep. (dpm/g)
| 05059 | 0.9976 | 454.83 [ 1/22/93 | 741 [446.03297] Th-228/U-232=( 0.5863609
Counting time for Th=] 833.47 (mins.) Counting time for U=] 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 282 | 11685 | 13914 | 5102 | 5621 11745 | 26496 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 3 | 3 | 49 | 3 11 [ 15 |
Th-232* Th-230" Th-228sp Ra-224" u-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 279 | 11682 [13463.205] 5053 | 5615 11734 [26323.115]
U-238(dpm/g)=| 187.61658| = [ 2.755128
U-234(dpm/g)=[392.07354| + | 4.346258
Th-232(dpm/g)=| 10.687583| + | 0.642853
Th-230(dpm/g)=| 447.49943| + | 5.615179
U-234/U-238=(2.0897596{ + | 0.033893
Th-230/U-234=]1.1413661 + [ 0.014913
Th-230/Th-232={41.870968| + | 2.523287
U234/Th-232=| 36.684959| + [ 2.243744
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |251491.32
(m-1)
Th(ppb)= | 43740.246
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987

Page 1



MCB

ROI

ROI

ROI

¥

1

M

ACQ 02-08-95 AT 15:59:26 RT : 40006.7 LT

No detector description was entered

NOPI-399 U 2/9/95

RANGE : 46 = 3.95keV to 155 = 4.24keV
AREA : Gross = 5748 Net = 5621 +/- 88
CENTROID : 129.40 = 4.17keV

SHAPE : Fwhm = @.08keV Fwtm = Q@.17keV

ID : No close library match

RANGE : 255 = 4.51keV to 378 = 4.83keV
AREA : Gross = 11776 Net = 11745 +/- 111
CENTROID : 345.51 = 4.74keV

SHAPE : Fwhm = @.09keV Fwtm = 0.17keV

ID : No close library match

RANGE : 493 = 5.13keV to 578 = 5.36keV
AREA : Gross = 28431 Net = 26496 +/- 229
CENTROID : 556.99 = 5.30keV

SHAPE : Fwhm = 0.09keV Fwtm = 0.15keV

ID : No close library match

9 Q\Ackw)

40000 .0



MCB

ROI

ROI

ROI

ROT

ACQ 02-09-95 AT 11:40:14 RT
No detector description was entered
NOPI-399 Th 2/10/95

RANGE : 27 3.82keV to 94 =
AREA Gross = 282 Net = 282
CENTROID 73.38 = 3.94keV

SHAPE Fwhm = Q.05keV Fwtm = Q.

ID : No close library match

RANGE : 233 = 4.37keV to 348 =
AREA Gross = 11800 Net = 11685
CENTROID : 325.71 = 4.62keV

SHAPE : Fwhnm = 0.05keV Fwtm = 17

ID : No close library match

RANGE : 504 = 5.10keV to 626 =
AREA Gross = 14205 Net = 13914
CENTROID : 603.42 = 5.36keV

SHAPE Fwhm = Q.05keV Fwtm = Q.
ID : No close library match

RANGE : 638 = 5.45keV to 723 =
AREA Gross = 5377 Net = 5102
CENTROID 695.39 = 5.61keV

SHAPE Fwhm = Q.09keV Fwtm = 0.

ID : No close library match

50008.

QP3aaTR X ©

2 LT 50000.0
4.00keV
+/- 17
1lkeV
4.68keV
+/- 117
.15keV
5.42keV
+/- 140
16keV
5.68keV
+/- 94
17keV



U and Th Isotope Activities

Sample # NOPI-400

NOPI-400

FILENAME=

NP400U.CHN
NP400TH.CHN

Sep. date 2/2/95

Analyst JOP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
|_0.4939 | 0.9969 | 454.83 | 1/22/93 | 741 [446.03297] Th-228/U-232=[ 0.5863609
Counting time for Th=| 833.47 (mins.) Counting time for U=| 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 288 | 37444 | 13734 | 5282 8097 22636 | 13517 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
] 4 | 16 | 27 | 71 2 3 [ 6 |
Th-232" Th-230* Th-228sp Ra-224~ uU-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 284 | 37428 | 1324429 ] 5211 8095 22633 [ 13430.445]
U-238(dpm/g)=|542.63275| + | 7.625553
U-234(dpm/g)=|1517.1596| + | 16.49162
Th-232(dpm/g)=[11.319682] + | 0.673976
Th-230(dpm/g)=| 1491.8065| + | 14.88211
U-234/U-238=)2.7959234( + | 0.036205
Th-230/U-234=)0.9832891| + | 0.008279
Th-230/Th-232=| 131.78873] + | 7.795533
U234/Th-232={134.02847| + | 8.111981
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |[727374.03

(m-1)

Spike 25A
10/9/92
Th-228 (dpm/g)=

Spike 258

2618.176 261.53631

Th(ppb)=
Spide 25C

26.13987

Page 1



ROTI #

ROI #

ROTI #

ACQ ©2-08-95 AT 15:59:27 RT : 40006.6 LT

No detector description was entered

NOPI-40@@ U 2/9/95

RANGE : 32 = 395.56keV to 161 = 425,37keV
AREA : Gross = 8248 Net = 8097 +/~ 106
CENTROID : 130.38 = 418.29keV

SHAPE : Fwhm = 12.17keV Fwtm = 19.99keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.202 +/- @.00

RANGE : 273 = 451.26keV to 412 = 483,38keV
AREA : Gross = 23056 Net = 22636 +/- 179
CENTROID : 376.05 = 475.07keV

SHAPE : Fwhm = 12.55keV Fwtm = 20.93keV

ID : SB-125 at 463.38keV

Corrected Rate = @.566 +/- @.00

RANGE : 561 = 517.82keV to 649 = ©538.16keV
AREA : Gross = 17196 Net = 13517 +/- 254
CENTROID : 613.09 = 529.86keV

SHAPE : Fwhm = 10.71keV Fwtm = 15.33keV

ID : No close library match

opovh -t

40000.0



A Py 00T, A

MCB # 1 ACQ ©2-09-95 AT 11:40:15 RT : 50008.2 LT : 50000.0
No detector description was entered
NOPI-40@ Th 2/10/95

ROI # +6-1 RANGE : 19 = 3.88keV to 80 = 4.04keV
AREA : Gross = 349 Net = 288 +/- 29
CENTROID : 58.55% = 3.99keV
SHAPE : Fwhm = Q.04keV Fwtm = @.10keV

ID : No close library match

ROI # 6-2 RANGE : 192 = 4.34keV to 338 = 4.72keV
AREA : Gross = 37645 Net = 37444 +/- 205
CENTROID : 312.64 = 4.66keV
SHAPE : Fwhm = 0.07keV Fwtm = ©.15keV

ID : No close library match

ROI # 6-3 RANGE : 511 = 5.18keV to 614 = 5.45keV
AREA : Gross = 14306 Net = 13734 +/- 152
CENTROID : 593.15 = 5.40keV
SHAPE : Fwhm = @.95keV Fwtm = 0.17keV

ID : No close library match

ROI # 6-4 RANGE : 631 = 5.50keV to 711 = 5.71keV
AREA : Gross = 5768 Net = 5282 +/- 107
CENTROID : 685.40 = 5.64keV
SHAPE : Fwhm = 0.08keV Fwtm = @.15keV

ID : No close library match



NOPI-401

Page 1

. U and Th Isotope Activities FILENAME= NP401U.CHN
NP401TH.CHN
Sample # NOPI-401 Sep. date 2/2/95
Analyst JOP
Sample Spike U-232 Ref. date Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
|_0.5033 | 0.9958 | 454.83 | 1/22/93 | 741 [446.03297] Th-228/U-232={ 0.5863609
Counting time for Th=| 833.47 (mins.) Counting time for U=] 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=( 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 143 [ 5516 | 9320 | 3960 | | 2723 | 5269 19600
Bkgd Bkagd Bkgd bkgd bkgd bkgd bkgd
| 4 [ 8 | 13 | 23 | | 4 | 5 6
Th-232* Th-230* Th-228sp Ra-224~ U-238* U-234* U-232sp
counts counts counts counts counts counts counts
139 | 5508 [9025.3695] 3937 | 2719 | 5264 [19477.176]
U-238(dpm/g)=| 123.19565] + [ 2.519531
. U-234(dpm/g)=| 238.5075 | + | 3.70117
Th-232(dpm/g)=]7.9694252| + | 0.67153
Th-230(dpm/g)=|315.79564| + | 5.364688
U-234/U-238=] 1.9360059| + | 0.045693
Th-230/U-234=]1.3240491| + | 0.025506
Th-230/Th-232=| 39.625899| + | 3.356362
U234/Th-232=|29.927817| + | 2.564224
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |165138.05
{m-1)
Th(ppb)= |[32615.852
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987



MCB # 1

ROI #

ROTI #

ROI #

7-1

7-2

7-3

ACQ ©2-08-95 AT 15:59:26 RT : 40006.6
No detector description was entered
NOPI-401 U 2/9/95

RANGE : 73 to 155

AREA : Gross = 2765 Net = 2723
CENTROID : 132.15

SHAPE : Fwhm = 23.21 Channels Fwtm =
RANGE : 313 to 409

AREA : Gross = 5478 Net = 5269
CENTROID : 381.84

SHAPE : Fwhm = 21.48 Channels Fwtm =
RANGE : 558 to 644

AREA : Gross = 20151 Net = 19600

CENTROID : 617.65
SHAPE : Fwhm = 21.79 Channels Fwtm

’\)PL{lJl\AI/‘\’HA

LT : 40000.0

+/- 57

49.81 Channels

+/- 92

56.39 Channels

+/- 164

54.09 Channels



MCB

ROI

ROI

ROI

ROI

ACQ ©2-09-95

AT 11:40:15 RT

50008.2

No detector description was entered

NOPI-401 Th 2/10/95

RANGE 17 to 68
AREA Gross = 195
CENTROID 54.00
SHAPE Fwhm = 2.68
RANGE 266 to 362
AREA Gross = 5612
CENTROID 338.87
SHAPE Fwhm = 22.68
RANGE 585 to 686
AREA Gross = 9540
CENTROID 659.39
SHAPE Fwhm = 19.31
RANGE 705 to 793
AREA Gross = 4138
CENTROID 766.33
SHAPE Fwhm = 30.69

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

143

Fwtm

5516

Fwtm

9320

Fwtm

3960

Fwtm

VP oI Th. cHd)

LT : 50000.0

+/- 23

17.64 Channels

+/- 83

60.26 Channels

+/- 113

63.59 Channels

+/- 80

54.62 Channels



NOPI-402

Page 1

- U and Th Isotope Activities FILENAME= NP402U.CHN
NP402TH.CHN
Sample # NOPI-402 Sep. date 2/2/95
Analyst JDP
Sample Spike u-232 Ref. date Days btwn u-232~
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.5014 ] 1.0014 | 454.83 | 1/22/93 | 741 [446.03297| Th-228/U-232= 0.5863609
Counting time for Th=] 833.47 (mins.) Counting time for U=| 666.778 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 219 | 6303 | 10135 | 3590 | I s006 | 6280 | 19158 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 7 | 15 | 38 | | 4 | 4 i 5 |
Th-232* Th-230" Th-228sp Ra-224* U-238* u-234* U-232sp
counts counts counts counts counts counts counts
[ 218 | 6296 [9785.8229] 3552 | [ 5002 | 6276 |19038.806|
U-238(dpm/g)=|234.04222| + | 3.714994
w U-234(dpm/g)=| 293.65233]| + | 4.269923
Th-232(dpm/g)=| 11.636286| + | 0.794757
Th-230(dpm/g)=| 336.06449| + | 5.390904
U-234/U-238=|1.2546981| + | 0.023773
Th-230/U-234=]1.1444298| + | 0.020405
Th-230/Th-232=)| 28.880734| = [ 1.985194
U234/Th-232=|25.235915| + | 1.762239
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)=
{m-1)
Th(ppb)=
Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987



NP"WZWC e

‘.’ MCB # 1 ACQ ©02-08-95 AT 15:59:26 RT : 50006.8 LT : 50000.0

No detector description was entered
NOPI-4@2 U 2/9/95

ROI # 8-1 RANGE : 33 = 398.40keV to 156 = 426.47keV
AREA : Gross = 5285 Net = 5006 +/- 102
CENTROID : 126.29 = 419.69keV
SHAPE : Fwhm = 8.93keV Fwtm = 17.59keV
ID : SB-125 at 427 .89keV
Corrected Rate = 0.100 +/- 0.00

ROI # 8-2 RANGE : 297 = 458.65keV to 408 = 483.99keV
AREA : Gross = 6728 Net = 6280 +/- 119
CENTROID : 375.51 = 476.57keV
SHAPE : Fwhm = 10.50keV Fwtm = 17.24keV

ID : SB~-125 at 463.38keV

Corrected Rate = @.126 +/~- @.00

ROI # 8-3 RANGE : 544 = 515.03keV to 647 = 538.54keV
AREA : Gross = 20458 Net = 19158 +/- 201
CENTROID : 611.55 = 530.44keV
SHAPE : Fwhm = 9.91keV Fwtm = 16.70keV

ID : No close library match



MCB

ROI

ROI

ROTI

ROTI

ooz ThHY

ACQ ©02-09-95 AT 11:40:15 RT : 50008.2 LT : 50000.0
No detector description was entered
NOPI-402 Th 2/1@/95

RANGE : 11 393.38keV to 65 = 405.70keV
AREA : Gross 337 Net = 219 +/- 34
Could not properly fit the peak.

RANGE : 247 = 447.24keV to 365 = 474.17keV
AREA : Gross = 6619 Net = 6303 +/- 111
CENTROID : 335.06 = 467.34keV

SHAPE : Fwhm = 6.39keV Fwtm = 16.44keV

ID : SB-125 at 463.38keV

Corrected Rate = ©0.126 +/- 0.00

RANGE : 555 = 517.54keV to 685 = 547.21keV
AREA : Gross = 10691 Net = 10135 +/- 147
CENTROID : 658.92 = 541.26keV

SHAPE : Fwhm = 5.91keV Fwtm = 16.71keV

ID : No close library match

RANGE : 709 = 552.69keV to 794 = 572.09keV
AREA : Gross = 4133 Net = 3590 +/- 104
CENTROID : 762.16 = 564.82keV

SHAPE : Fwhm = 9.02keV Fwtm = 16.43keV

ID : No close library match



NOPI-403

U and Th Isotope Activities FILENAME= NP403U.CHN
NP403TH.CHN
Sample # NOPI-403 Sep. date 2/2/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/q) of spike ref. and sep. (dpm/qg)
| 05039 | 0.9985 | 454.83 | 1/22/93 | 741 [446.03297| Th-228/U-232=] 0.5863609
Counting time for Th=] 833.47 (mins.) Counting time for U={ 666.778 {mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9927949 CF for U-232=| 1.005998
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 140 | 5341 | 9940 | 3880 | | 6673 6637 26659
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| o5 | 2 | 22 [ 50 | | 7 | 5 4
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234" U-232sp
counts counts counts counts counts counts counts
[ 139.5 | 5339 [9646.0159] 3830 | | 6666 | 6632 [26496.077]
U-238(dpm/g)=|222.35884| + { 3.043705
U-234(dpm/g)=| 221.2247 | + [ 3.034742
Th-232(dpm/g)=|7.4948327| + | 0.637874
Th-230(dpm/g)=|286.84525| + | 4.866526
U-234/U-238=(0.9948995| + | 0.017247
Th-230/U-234=| 1.296624 | + | 0.023835
Th-230/Th-232=| 38.272401| + [ 3.276727
U234/Th-232=[29.516963] + | 2.544568
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |298061.71
{m-1)
Th(ppb)= |30673.524
Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2618.176 261.53631 26.13987

Page 1




MCB

ROI

ROI

ROI

1

ACQ ©2-08-95 AT 10:06:16 RT : 40004.1 LT

No detector description was entered

NOPI-4@3 U 2/9/95

RANGE : 73 = 3.97keV to 162 = 4.19keV
AREA : Gross = 6822 Net = 6673 +/- 94
CENTROID : 139.93 = 4.14keV

SHAPE : Fwhm = 0.08keV Futm = @.13keV

ID : No close library match

RANGE : 294 = 4.52keV to 387 = 4.75keV
AREA : Gross = 7499 Net = 6637 +/~- 139
CENTROID : 367.15 = q4.70keV

SHAPE : Fwhm = ©.08keV Fwtm = Q.13keV

ID : No c¢lose library match

RANGE : 520 = 5.08keV to 610 = 5.30keV
AREA : Gross = 27918 Net = 26659 +/- 211
CENTROID : 585.36 = 5.24keV

SHAPE : Fwhm = 0.09keV Fwtm = 0.14keV

ID : No close library match

UETERS

40000.0



NP‘{%T‘A'CW

MCB # 1 ACQ ©@2-09-95 AT 11:40:15 RT : 50008.2 LT : 50000.0
No detector description was entered
NOPI-403 Th 2/10/85

ROI # 9-1 RANGE : 22 = 393.25keV to 72 = 404.80keV
AREA : Gross = 184 Net = 140 +/- 22
CENTROID : 44.73 = 398.50keV
SHAPE : Fwhm = ©.93keV Fwtm = 5.14keV

ID : No close library match

ROTI # 9-2 RANGE : 233 = 442.01keV to 369 = 473.45keV
AREA : Gross = 5444 Net = 5341 +/- 87
CENTROID : 342.83 = 467 .40keV
SHAPE : Fwhm = 6.67keV Fwtm = 15.95keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.107 +/- 0.00

ROI # 9-3 RANGE : 568 = 519.44keV to 690 = 547.64keV
AREA : Gross = 10263 Net = 9940 +/- 127
CENTROID : 664.14 = 541.66keV
SHAPE : Fwhm = 5.51keV Fwtm = 15.93keV

ID : No close library match

ROI # 9-4 RANGE : 707 = 551.57keV to 802 = 573.52keV
AREA : Gross = 4328 Net = 38809 +/- 103
CENTROID : 768.95 = 565.88keV
SHAPE : Fwhm = 9.14keV Fwtm = 15.45keV

ID : No close library match



U and Th Isotope Activities

Sample # NOPI-404

NOPI-404

FILENAME= NP404U.CHN

NP404TH.CHN

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/qg) of spike  ref. and sep. (dpm/g)
| _0.5068 | 1.0001 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=] 1000.097 (mins.) Counting time for U=| 500.055 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=] 1.0059424
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 3837 [ 5149 | 18282 [ 4679 | | 2220 [ 2242 | 18990 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 5 | 7 | 15 | 26 | 5 | 3 | 4 |
Th-232* Th-230" Th-228sp Ra-224" U-238 U-234~ U-232sp
counts counts counts counts counts counts counts
[ 332 | 5142 [17784.235] 4653 | 2215 | 2239 [18873.843]
U-238(dpm/g)=[ 103.28054] + | 2.316594
U-234(dpm/g)=| 104.3996 | + | 2.331385
Th-232(dpm/g)=|9.6788334| + | 0.532077
Th-230(dpm/g)=| 149.90531| + | 2.365043
U-234/U-238=]1.0108352| + | 0.030266
Th-230/U-234={ 1.43588 | + | 0.036332
Th-230/Th-232=| 15.487952| + | 0.870854
U234/Th-232=|10.786383| + | 0.64002
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |138442.77
(m-1)
Th(ppb)= [39611.815
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2630.1478

262.7322 26.259396

Page 1



MCB

ROI

ROI

ROI

ACQ ©2-14-95 AT 11:10:29 RT : 30003.3 LT
No detector description was entered
NOPI-4@4 U 2/15/95

RANGE : 85 = 4.00keV to 162 = 4.19keV
AREA : Gross = 2239 Net = 2220 +/- 49
CENTROID : 145.23 = 4.15keV

SHAPE : Fwhm = @.04keV Fwtm = Q.10keV

ID : No close library match

RANGE : 333 = 4.62keV to 388 = 4.75keV
AREA : Gross = 2438 Net = 2242 +/- 62
CENTROID : 373.%0 = 4.72keV

SHAPE : Fwhm = 0.03keV Fwtm = Q.10keV

ID : No c¢lose library match

RANGE : 533 = 5.11keV to 611 = 5.31keV
AREA : Gross = 19846 Net = 18990 +/- 171
CENTROID : 591.84 = 5.26keV

SHAPE : Fwhm = 0.03keV Fwtm = @.11keV

ID : No c¢lose library match

NP‘{O\'\\A‘CH“

30000.0



N PhoyTh. cvw

\ 4 MCB # 1 ACQ @2-13-95 AT 16:19:34 RT : 60005.8 LT : 60000.¢
No detector description was entered
NOPI-404 Th 2/14/95

ROI # 1-1 RANGE : 15 = 3.83keV to 89 = 4.01keV
AREA : Gross = 337 Net = 337 +/- 18
CENTROID : 68.25 = 3.96keV
SHAPE : Fwhm = 0.03keV Fwtm = @.09keV

ID : No close library match

ROI # 1-2 RANGE : 253 = 4.42keV to 355 = 4.67keV
AREA : Gross = 5201 Net = 5149 +/- 77
CENTROID : 335.38 = 4.62keV
SHAPE : Fwhm = 0.04keV Fwtm = ©.13keV
ID : No close library match

ROI # 1-3 RANGE : 554 = 5.16keV to 654 = 5.41keV
AREA : Gross = 18667 Net = 18282 +/- 156
CENTROID : 631.20 = 5.36keV

‘.’ SHAPE : Fwhm = Q0.04keV Fwtm = ©.14keV

ID : No close library match

ROI # 1-4 RANGE : 680 = 5.48keV to 755 = 5.66keV
AREA : Gross = 5021 Net = 4679 +/- 93
CENTROID : 730.67 = 5.60keV
SHAPE : Fwhm = 0.08keV Fwtm = Q.13keV
ID : No close library match



NOPI-405

' U and Th Isotope Activities FILENAME= NP405U.CHN
NP405TH.CHN
Sample # NOPI-405 Sep. date 2/8/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/qg) of spike  ref. and sep. (dpm/g)
0502 | 1.0012 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=}] 1000.097 (mins.) Counting time for U=|] 333.377 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=| 1.0058869
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
[ 849 [ 13299 | 18573 | 4815 | [ 4453 | 4263 | 11276 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L2 [ 4 [ 138 | 19 ] L [ 3 [ 2 1]
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 347 | 13295 [18056.174] 4796 | {4452 | 4260 [11208.019]
U-238(dpm/g)=| 353.29842| + | 6.252999
' U-234(dpm/g)=| 338.06183| + | 6.078165
Th-232(dpm/g)={10.070109| + | 0.544081
Th-230(dpm/g)=|385.82737| + | 4.382755
U-234/U-238=|0.9568733| + | 0.020504
Th-230/U-234=(1.1412923| + [ 0.020087
Th-230/Th-232=| 38.314121]| + | 2.077644
U234/Th-232=|33.570821] + | 1.911602
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |[473580.14
(m-1)
Th(ppb)= [41213.158
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page t



W MCB # 1

ROI #

ROI #

ROI #

NP oG

ACQ ©2-14-95 AT 11:10:29 RT : 20002.6 LT : 20000.0
No detector description was entered
NOPI-405 U 2/15/95

RANGE : 56 = 3.92kevV to 170 = 4.21keV
AREA : Gross = 4816 Net = 4453 +/- 105
CENTROID : 148.54 = 4.16keV

SHAPE : Fwhm = @.10keV Fwtm = ©.21keV

ID : No close library match

RANGE : 282 = 4.50keV to 401 = 4.80keV
AREA : Gross = 4642 Net = 4263 +/~ 107
CENTROID : 376.85%5 = 4.74keV

SHAPE : Fwhm = 0.13keV Fwtm = 0.20keV

ID : No c¢lose library match

RANGE : 515 = 5.09keV to 616 = 5.35keV
AREA : Gross = 12568 Net = 11276 +/~- 179
CENTROID : 592.99 = 5.29keV

SHAPE : Fwhm = 0.12keV Fwtm = 0.21keV

ID : No close library match



W ucB

ROI

ROI

ROI

ROI

[
1
-

ACQ ©2-13-95 AT 16:19:35 RT 60005
No detector description was entered
NOPI-405 Th 2/14/95

RANGE : 17 = 3.82keV to 97 =
AREA Gross = 389 Net = 349
CENTROID 82.19 = 3.99keV

SHAPE Fwhm = Q.04keV Fwtm = Q.

ID : No close library match

RANGE 241 = 4.39keV to 363 =
AREA Gross = 13396 Net = 13299
CENTROID : 343.21 = 4.66keV

SHAPE Fwhm = Q.05keV Fwtm = Q.
ID : No c¢lose library match

RANGE : 517 = 5.10keV to 663 =
AREA Gross = 19184 Net = 18573
CENTROID : 639.69 = 5.41keV

SHAPE Fwhm = Q.05keV Fwtm = Q.
ID : No c¢lose library match

RANGE : 681 = 5.52keV to 767 =
AREA Gross = 5424 Net = 4815
CENTROID : 739.21 = 5.66keV

SHAPE Fwhm = Q.08keV Fwtm = Q.

ID : No c¢lose library match

W Pao ST W

.8 LT 60000.0
4.03keV
+/- 29
08keV
4.71keV
+/- 123
l4keV
5.47keV
+/- 181
15keV
5.73keV
+/- 114
14keV



NOPI-406

Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1

. U and Th Isotope Activities FILENAME= NP406U.CHN
NP406TH.CHN
Sample # NOPI-406 Sep. date 2/8/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| _0.4989 | 1.0026 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=] 1000.097 (mins.) Counting time for U=] 1000.087 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=|_1.006109
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 259 | 1308 | 13664 | 3353 | | 1246 [ 1262 | 33917 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 1 | 21 | 72 | | 2 | 7 | 21 |
Th-232* Th-230" Th-228sp Ra-224" uU-238* U-234" U-232sp
counts counts counts counts counts counts counts
[ 258 | 1307 ]13282.745] 3281 | [ 1244 | 1255 [33690.187]
U-238(dpm/g)=[ 33.092489! + | 0.954563
. U-234(dpm/g)=|33.385108| + | 0.957097
Th-232(dpm/g)=| 10.25556 | + | 0.643261
Th-230(dpm/g)=|51.953555| + | 1.503704
U-234/U-238=| 1.0088424{ + | 0.04029
Th-230/U-234=| 1.5561895| + | 0.061404
Th-230/Th-232=)5.0658915| + | 0.344538
U234/Th-232=|3.2553178] + | 0.224501
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |44358.947
(m-1)
Th{ppb)= [ 41972.14
Spike 25A  Spike 258  Spide 25C
10/9/92



MCB

ROI

ROI

‘.' ROTI

1

ACQ ©02-14-95 AT 11:10:30 RT : 60005.2 LT
No detector description was entered
NOPI-406 U 2/15/95

RANGE : 112 = 4.,04keV to 165 = 4.19keV
AREA : Gross = 1273 Net = 1246 +/- 38
CENTROID : 147.60 = 4.14keV

SHAPE : Fwhm = ©.04keV Fwtm = 0.10keV

ID : No close library match

RANGE : 331 = 4.63keV to 379 = 4.76keV
AREA : Gross = 1449 Net = 1262 +/- 51
CENTROID : 363.60 = 4.72keV

SHAPE : Fwhm = 0.04keV Fwtm = 2.10keV

ID : No c¢lose library match

RANGE : 516 = 5.13keV to 590 = 5.33keV
AREA : Gross = 34792 Net = 33917 +/- 210
CENTROID : 566.84 = 5.26keV

SHAPE : Fwhm = Q0.04keV Fwtm = Q.12keV

ID : No close library match

PO LW

60000 .0



N POl Th. 6T

ACQ 02-13-95 AT 16:19:36 RT : 60005.8 LT : 60000.0
No detector description was entered
NOPI-406 Th 2/14/95

RANGE : 10 = 396.63keV to 64 = 409.14keV
AREA : Gross = 261 Net = 259 +/- 17
CENTROID : 40.25 = 403.64keV

SHAPE : Fwhm = 1.66keV Fwtm = 4.38keV

ID : No close library match

RANGE 261 = 454.76keV to 354 = 476.30keV
AREA : Gross = 1309 Net = 1308 +/- 36
CENTROID : 334.34 = 471.75keV

SHAPE : Fwhm = 3.61keV Fwtm = 13.24keV

ID : No close library match

RANGE : 561 = 524.24keV to 681 = 552.03keV
AREA : Gross = 13906 Net = 13664 +/- 135
CENTROID : 653.78 = 545.72keV

SHAPE : Fwhm = 4,.99keV Fwtm = 15.81keV

ID : No c¢lose library match

RANGE : 703 = 557.12keV to 791 = 577.50keV
AREA : Gross = 3647 Net = 3353 +/~- 86
CENTROID : 761.86 = 570.75keV

SHAPE : Fwhm = 7.14keV Fwtm = 14.61keV

ID : No c¢lose library match



NOPI-407

Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1

- U and Th Isotope Activities FILENAME= NP407U.CHN
NP407TH.CHN
Sample # NOPI-407 Sep. date 2/8/95
Analyst JDP
Sample Spike u-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.5098 | 1.0009 | 454.83 | 1/22/93 [ 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=] 1000.097 (mins.) Counting time for U=| 333.377 {mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=| 1.0058869
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 290 [ 10259 | 14635 | 3764 | | 4587 | 4155 | 12074 |
Bkgd Bkgd Bkgd bkgd bkgi bkgd bkgd
| 3 [ 5 | 58 | 174 | | 4 | 5 | 7 ]
Th-232* Th-230~ Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 287 | 10254 ]14176.248] 3590 | [ 4583 | 4150 [11996.378]
U-238(dpm/g)=|334.49439] + | 5.801622
W U-234(dpm/g)=[ 302.8915 | + [5.447809
Th-232(dpm/g)=| 10.442987| £ { 0.619279
Th-230(dpm/g)=| 373.10939| + | 4.80435
U-234/U-238=(0.9055204| + | 0.019393
Th-230/U-234=(1.2318252| + | 0.022652
Th-230/Th-232=| 35.728223| + | 2.12748
U234/Th-232=|29.004296| + | 1.797354
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |448374.22
(m-1)
Th(ppb)= | 42739.21
Spike 256A  Spike 25B  Spide 25C
10/9/92



MCB

ROI

ROI

ROI

1

Nf:q\ﬂ w.c N

ACQ ©@2-14-95 AT 11:10:30 RT : 20002.6 LT : 20000.0Q
No detector description was entered
NOPI-407 U 2/15/95

RANGE : 33 = 3.92keV to 152 = 4.23keV
AREA : Gross = 4828 Net = 4587 +/- 96
CENTROID : 124.71 = 4.16keV

SHAPE : Fwhm = Q.15keV Fwtm = @.23keV

ID : No c¢lose library match

RANGE : 261 = 4.52keV to 369 = 4.81keV
AREA : Gross = 4574 Net = 4155 +/- 107
CENTROID : 338.65 = 4,73keV

SHAPE : Fwhm = @.14keV Fwtm = 0.21keV

ID : No close library match

RANGE : 468 = 5.07keV to 578 = 5.36keV
AREA : Gross = 12889 Net = 12074 +/~ 162
CENTROID : 542.17 = 5.26keV

SHAPE : Fwhm = Q.13keV Fwtm = @.22keV

ID : No close library match



MCB

ROI

ROI

ROT

ROI

ACQ ©02-13-95 AT 16:19:35 RT : 60005.

No detector description was entered
NOPI-407 Th 2/14/95

RANGE : 29 = 3.82keV to 92 =
AREA : Gross = 291 Net = 290
CENTROID : 71.59 = 3.94keV

SHAPE : Fwhm = ©.03keV Fwtm = 4]

ID : No close library match

RANGE : 223 = 4.34keV to 350 =
AREA : Gross = 10385 Net = 10259
CENTROID : 324.99 = 4.62keV

SHAPE : Fwhm = 0.06keV Fwtm = Q
ID : No close library match

RANGE : 511 = 5.11keV to 627 =
AREA : Gross = 14927 Net = 14635
CENTROID : 6@3.57 = 5.36keV

SHAPE : Fwhm = 0.05keV Fwtm = ]

ID : No close library match

RANGE : 640 = 5.46keV to 723 =
AREA : Gross = 4079 Net = 3764
CENTROID : 697.8¢ = 5.62keV

SHAPE : Fwhn = @.09keV Fwtm = 7]

ID : No close library match

8 LT
3.99keV
+/- 17
.08keV
4.68keV
+/- 113
.16keV
5.43keV
+/- 142
.16keV
5.68keV
+/- 89
.16keV

NP"*OT/“'\‘LW

60000.09



NOPI-408

. U and Th Isotope Activities FILENAME= NP408U.CHN
NP408TH.CHN
Sample # NOPI-408 Sep. date 2/8/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.5007 | 0.9987 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=| 1000.097 (mins.) Counting time for U=] 1248.873 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=| 1.0061918
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 345 | 559 | 18682 | 4990 | | 429 | 432 | 31514 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
i 5 | t0o | 32 | 13 | Il 6 | 10 | 10 |
Th-232* Th-230" Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 340 [ 549 [18149.337] 4877 | [ 423 | 422 [31310.133]
U-238(dpm/g)=|12.017419} + | 0.584142
w U-234(dpm/g)=[11.989009] + | 0.580762
Th-232(dpm/g)=|9.8172288| + | 0.5334
Th-230(dpm/g)=| 15.851937| + | 0.680422
U-234/U-238=|0.9976359( + | 0.067999
Th-230/U-234=}1.3222058| + | 0.084701
Th-230/Th-232=|1.6147059| + | 0.110551
U234/Th-232=|1.2212213| + | 0.088895
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [16108.793

(m-1)

Th(ppb)=

Spike 25A  Spike 25B  Spide 25C
10/8/92
Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1



MCB

ROT

ROI

ROI

#

1

ACQ ©2-14-95 AT 11:10:30 RT
No detector description was entered
NOPI-408 U 2/15/95

RANGE 90 to 153

AREA Gross = 430 Net = 429
CENTROID 123.92

SHAPE Fwhm = 4.98 Channels Fwtm
RANGE 344 to 398

AREA Gross = 507 Net = 432
CENTROID 381.02

SHAPE Fwhm = 16.05 Channels Fuwtm
RANGE 563 to 642

AREA Gross = 32501 Net = 31514
CENTROID 616.15

SHAPE Fwhm = 18.11 Channels Fwtm

74932.4

il

]

w*o%“*‘*“b

LT 74926.6

+/-

39.30 Channels

+/- 32

42 .95 Channels

+/- 209

49.84 Channels



NP0 g Th. cx

MCB # 1 ACQ ©2-13-95 AT 16:19:35 RT : 60005.8 LT : 60000.0
No detector description was entered
NOPI-408 Th 2/14/95

ROI # e6-1 RANGE : 17 = 3.88keV to 79 = 4.04keV
AREA : Gross = 361 Net = 345 +/- 22
CENTROID : 63.34 = 4.00keV
SHAPE : Fwhm = Q.04keV Fwtm = Q.06keV

ID : No close library match

ROI # 6-2 RANGE : 265 = 4.53keV to 337 = 4.72keV
AREA : Gross = 577 Net = 559 +/- 28
CENTROID : 312.13 = 4.66keV
SHAPE : Fwhm = ©.03keV Fwutm = 0.11lkeV

ID : No c¢lose library match

ROI # 6-3 RANGE : 523 = 5.21keV to 618 = 5.46keV
AREA : Gross = 19195 Net = 18682 +/- 162
CENTROID : 594.32 = 5.40keV
SHAPE : Fwhm = 0.05keV Fwtm = Q.15keV

ID : No c¢lose library match

ROI # 6-4 RANGE : 637 = 5.51keV to 715 = 5.72keV
AREA : Gross = 5386 Net = 4990 +/- 99
CENTROID : 687.57 = 5.65keV
SHAPE : Fwhnm = ©.08keV Fwtm = Q.1l4keV

ID : No c¢lose library match



NOPI-409

' U and Th Isotope Activities FILENAME= NP409U.CHN
NP409TH.CHN
Sample # NOPI-409 Sep. date 2/8/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/qg) of spike ref. and sep. (dpm/q)
| 05018 | 1.0016 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=| 1000.097 (mins.) Counting time for U=| 1249.688 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=( 0.9947095 CF for U-232=] 1.0061921
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
l 78 | 250 | 10223 | 2672 | | 265 | 270 | 32074 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 4 | 9 | 20 | 31 l I 4 [ 3 | 12|
Th-232* Th-230* Th-228sp Ra-224" U-238* U-234- U-232sp
counts counts counts counts counts counts counts
| 74 | 241 |10042.549] 2641 | [ 261 | 267 ] 31864.69 |
, U-238(dpm/g)=| 7.2910949( + | 0.449735
- U-234(dpm/g)=|7.4587062| + | 0.455829
Th-232(dpm/g)=|3.8642457| + | 0.439206
Th-230(dpm/g)=(12.584908] + | 0.805613
U-234/U-238=| 1.0229885| + | 0.088459
Th-230/U-234=| 1.6872777] + | 0.148094
Th-230/Th-232=| 3.2567568] + | 0.422382
U234/Th-232={1.9301842| + | 0.249085
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |9773.3744

(m-1)

Th(ppb)=

Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1



¢ MCB # 1

ROI #

ROT #

ROI #

ot

ACQ 02-14-95 AT 11:10:30@ RT : 74981.3 LT : 74975.5
No detector description was entered

NOPI-409 U 2/15/95%

RANGE : 91 = 411.64keV to 149 = 424.87keV
AREA : Gross = 501 Net = 265 +/- 48
CENTROID : 134.27 = 421.51keV

SHAPE : Fwhm = 1.73keV Fwtm = 6.81keV

ID : No close library match

RANGE : 348 = 470.29keV to 395 = 481.02keV
AREA : Gross = 546 Net = 270 +/- 47
CENTROID : 378.@4 = 477.15keV

SHAPE : Fwhm = 1.30keV Fwtm = 6.73keV

ID : No close library match

RANGE : 559 = 518.45keV to 644 = 537.85keV
AREA : Gross = 34008 Net = 32074 +/- 241
CENTROID : 617.62 = 531.83keV

SHAPE : Fwhm = 4.31keV Fwtm = 12.01keV

ID : No c¢lose library match



ROT

ROT

ROI

@ rozI

ACQ ©2-13-95 AT 16:19:35 RT : 60005.8
No detector description was entered
NOPI-4@9 Th 2/14/95

RANGE : 24 to 67

AREA : Gross = 166 Net = 78
CENTROID : 4@.39

SHAPE : Fwhm = 2.99 Channels Fwtm =
RANGE : 285 to 359

AREA : Gross = 325 Net = 250
CENTROID : 331.33

SHAPE : Fwhm = 2.62 Channels Fwtm =
RANGE : 546 to 689

AREA : Gross = 11352 Net = 10223
CENTROID : 660.52

SHAPE : Fwhm = 23.51 Channels Fwtm =
RANGE : 715 to 800

AREA : Gross = 3145 Net = 2672
CENTROID : 770.33

SHAPE : Fwhm = 29.13 Channels Fwtm =

i Qo™

LT : 60@00.0

+/- 25

7.40 Channels

+/- 33

34.68 Channels

+/- 190

79.87 Channels

+/- 95

6@.47 Channels



NOPI-410

U and Th Isotope Activities FILENAME= NP410U.CHN
NP410TH.CHN
Sample # NOPI-410 Sep. date 2/8/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
| 05067 | 1.003 | 454.83 | 1/22/93 | 747 |445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=] 1000.097 (mins.) Counting time for U=| 1250.137 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=| 1.0061923
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 169 [ 319 | 9409 | 2684 | | 313 | 324 [ 34312 |
Bkad Bkad Bkgd bkgd bkgd bkgd bkgd
l 1 [ 7 | 14 | 47 | l 2 | 2 | 12 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 168 | 312 ]9136.4644| 2637 | [ 311 [ 322 [34088.913]
U-238(dpm/g)=| 8.053702 | + | 0.457294
U-234(dpm/g)=|8.3385596| + | 0.465435
Th-232(dpm/g)=|9.5630065} + [ 0.742193
Th-230(dpm/g)=|17.759869| + [ 1.011078
U-234/U-238=| 1.0353698| + | 0.082058
Th-230/U-234=12.1298486] + [ 0.167991
Th-230/Th-232=|1.8571429| + |1 0.176692
U234/Th-232={0.8719601] + | 0.083358
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |10795.614
(m-1)
Th(ppb)= |39137.779
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1



ROI

ROTI

apno 7

ACQ @2-14-95 AT 11:10:31 RT : 75008.2 LT : 75002.4
No detector description was entered
NOPI-410 U 2/15/95

RANGE : 97 = 410.58keV to 152 = 423.29keV
AREA : Gross = 369 Net = 313 +/- 2
CENTROID : 139.78 = 420.47keV

SHAPE : Fwhm = 2.82keV Fwtm = 6.34keV

ID : No close library match

RANGE : 358 = 470.90keV to 404 = 481.53keV
AREA : Gross = 472 Net = 324 +/- 37
CENTROID : 384.59 = 477.05keV

SHAPE : Fwhm = 3.92keV Fwtm = 4.83keV

ID : No close library match

RANGE : 570 = 519.90keV to 649 = 538.16keV
AREA : Gross = 35086 Net = 34312 +/- 209
CENTROID : 623.31 = 532.22keV

SHAPE : Fwhm = 3.70keV Fwtm = 11,28keV

ID : No c¢lose library match



NPHIOTh.cw

W MCeB # 1 ACQ ©2-13-95 AT 16:19:36 RT : 60005.8 LT : 60000.0
No detector description was entered
NOPI-410 Th 2/14/95

ROI # 8-1 RANGE : 23 = 396.12keV to 68 = 496 .39keV
AREA : Gross = 214 Net = 169 +/- 22
CENTROID : 51.57 = 402.64keV
SHAPE : Fwhm = 1.24keV Fwtm = 4.25keV
ID : No close library match

ROI # 8-2 RANGE 267 = 451.81keV to 365 = 474.17keV
AREA : Gross = 416 Net = 319 +/- 43
CENTROID : 328.00 = 465, 73keV
SHAPE : Fwhm = 1.45keV Fwtm = 6.54keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.005 +/- 0.00

ROI # 8-3 RANGE : 59@ = 525.53keV to 687 = 547.67keV
AREA : Gross = 10144 Net = 9409 +/- 144
CENTROID : 663.45 = 542.29keV

‘l’ SHAPE : Fwhm = 4.96keV Fwtm = 15.86keV

ID : No close library match

ROI # 8-4 RANGE : 713 = 553.60keVv to 804 = 574.37keV
AREA : Gross = 2928 Net = 2684 +/- 79
CENTROID : 772.61 = 567.20keV
SHAPE : Fwhm = 6.47kevV Fwtm = 14.02keV

ID : No close library match



NOPI-411

. U and Th Isotope Activities FILENAME= NP411U.CHN
NP411TH.CHN
Sample # NOPI-411 Sep. date 2/8/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.5059 | 0.9994 | 454.83 | 1/22/93 | 747 [445.96244] Th-228/U-232=| 0.5891353
Counting time for Th=] 1000.097 (mins.) Counting time for U=] 1250.602 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9947095 CF for U-232=[ 1.0061924
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 188 | 471 | 12212 [ 3224 | | 406 [ 413 | 30041 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 1 | 3 | 25 | 57 | l 2 | 1 | 12 ]
Th-232* Th-230" Th-228sp Ra-224* U-238~ U-234- U-232sp
counts counts counts counts counts counts counts
187 | 468 [11896.075] 3167 | 404 | 412 [29844.192]
U-238(dpm/g)=| 11.925991{ + | 0.595863
W U-234(dpm/g)=|[12.162149] + | 0.60256
Th-232(dpm/g)=|8.1587926| + | 0.599604
Th-230(dpm/g)=|20.418797] + | 0.95882
U-234/U-238=| 1.019802 | + | 0.071272
Th-230/U-234=| 1.6788806] + | 0.113178
Th-230/Th-232=|2.5026738| + | 0.215902
U234/Th-232=|1.4906801} + [ 0.132122
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |15986.238
(m-1)

Th(ppb)= [33390.862

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2630.1478 262.7322 26.259396

Page 1



MCB

ROI

ROI

ROI

# 10-1

# 10-2

# 10-3

&P*\\\AL*”

ACQ 02-14-95 AT 11:10:31 RT : 75036.1 LT : 75030.3
No detector description was entered
NOPI-411 U 2/15/95

RANGE : 80 = 412.85keV to 142 = 427.20keV
AREA : Gross = 437 Net = 406 +/- 26
CENTROID : 119.27 = 421.94keV

SHAPE : Fwhm = 1.15keV Futm = 8.12keV

ID : No close library match

RANGE : 344 = 473.98keV to 392 = 485.10keV
AREA : Gross = 529 Net = 413 +/- 35
CENTROID : 373.12 = 480.73keV

SHAPE : Fwhm = 1.94keV Fwtm = 5.77keV

ID : No close library match

RANGE : 556 = 523.08keV to 632 = 540.68keV
AREA : Gross = 30734 Net = 30041 +/- 196
CENTROID : 607.94 = 535.11keV

SHAPE : Fwhm = 4.08keV Fwtm = 11.45keV

ID : No close library match



MCB

ROI

ROI

ROI

ROI

N

.

L
'IF%JYTK

ACQ ©2-13-95 AT 16:19:36 RT : 60005.8 LT : 60000.0

No detector description was entered

NOPI-411 Th 2/14/95

RANGE : 29 = 394.86keV to 75 =  405.50keV

AREA : Gross = 218 Net = 188 +/~- 20

CENTROID : 55.29 = 400 .94keV

SHAPE : Fwhm = 2.04keV Fwtm = 9.31keV

ID : No close library match

RANGE : 277 = 452.18keV to 366 = 472.75keV

AREA : Gross = 472 Net = 471 +/- 22

CENTROID : 345.17 = 467.94keV

SHAPE : Fwhm = 3.57keV Fwtm = 14.93keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.008 +/- 0.00

RANGE : 582 = 522.67keV to 691 = 547.87keV

AREA : Gross = 12651 Net = 12212 +/- 141

CENTROID : 666.81 = 542.28keV

SHAPE : Fwhm = 4.89keV Fwtm = 14.69keV

ID : No c¢lose library match

RANGE : 717 = 553.88keV to 805 = 574.,22keV

AREA : Gross = 3402 Net = 3224 +/- 75

CENTROID : 773.78 = 567.00keV

SHAPE : Fwhm = 8.79keV Fwtm = 13.23keV

ID : No close library match



NOPI-21

2

Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1

. U and Th Isotope Activities FILENAME= NP212U.CHN
NP212TH.CHN
Sample # NOPI-212 Sep. date } 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
[ 05356 | 0.498 | 454.83 ] 1/22/93 | 755 [445.86842] Th-228/U-232=( 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=] 1515.7 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0053211
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
822 [ 515 [ 7545 [ 1479 ] I 913 [ 1151 27414 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
] 3 | 5 | 13 | 22 | I 11 [ 10 12 |
Th-232* Th-230* Th-228sp Ra-224* U-238- U-234 U-232sp
counts counts counts counts counts counts counts
L 319 | 510 [ 7182.436 | 1457 | [ 902 [ 1141 [27256.963]
U-238(dpm/g)={ 13.719066| + | 0.461534
. U-234(dpm/g)=|17.354163| + | 0.522152
Th-232(dpm/g)=]10.915185} + | 0.621124
Th-230(dpm/g)=| 17.45061 | + { 0.794776
U-234/U-238=| 1.2649667| + | 0.056061
Th-230/U-234=|1.0055576} + | 0.053309
Th-230/Th-232=|1.5987461| + | 0.113582
U234/Th-232=] 1.58991 | + | 0.102342
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U({ppb)= |18389.772
{m-1)
Th{ppb)= [44671.738
Spike 25A  Spike 25B  Spide 25C
10/9/92



NP 212 K. e

MCB # 1 ACQ ©2-21-95 AT 11:24:5@ RT : 90942.0 LT : 90936.6
No detector description was entered
NOPI-212 U 2/22/95

ROI # 1-1 RANGE : 192 to 162

AREA : Gross = 914 Net = 913 +/- 30

CENTROID : 146.52

SHAPE : Fvwvhm = 13.73 Channels Futm = 37.21 Channels
ROI # 1-2 RANGE : 325 to 386

AREA : Gross = 1231 Net = 1151 +/- 44

CENTROID : 374.37

SHAPE : Fwhm = 10.68 Channels Fwtm = 38.12 Channels
ROI # 1-3 RANGE : 538 to 611

AREA : Gross = 28364 Net = 27414 +/~- 195

CENTROID : 592.48

SHAPE : Fwhm = 12.36 Channels Fwtm 49.50 Channels



gPazThctw

MCB # 1 ACQ ©2-22-95 AT 13:02:48 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-212 Th 2/23/95

ROI # 1-1 RANGE : 31 to 85

AREA : Gross = 336 Net = 322 +/~- 221

CENTROID : 72.01

SHAPE : Fwhm = 13.47 Channels Fwtm = 36.27 Channels
ROI # 1-2 RANGE : 295 to 350

AREA : Gross = 543 Net = 515 +/- 2

CENTROID : 337.20

SHAPE : Fwhm = 10.86 Channels Fwtm = 29.95 Channels
ROI # 1-3 RANGE : 564 to 652

AREA : Gross = 7633 Net = 7545 +/- 94

CENTROID : 632.23

SHAPE : Fwhm = 14.23 Channels Fwtm = 54.69 Channels

ROI # 1-4 RANGE : 685 to 756
AREA : Gross = 1540 Net = 1479 +/- 46
CENTROID : 733.07
SHAPE : Fwhm = 24.81 Channels Fwtm = 43.54 Channels



NOPI-214
U and Th Isotope Activities FILENAME= NP214U.CHN
NP214TH.CHN
Sample # NOPI-214 Sep.date | 2/16/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| _0.5085 | 0.4975 | 454.83 [ 1/22/93 [ 755 [445.86842] Th-228/U-232=( 0.5928116
Counting time for Th=| 833.375 (mins.) Counting time for U=] 1516.213 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0053213
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 227 | 2138 | 6223 | 1356 | 2408 3716 | 22132 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 2 | 9 | 16 3 9 | 8 |
Th-232* Th-230* Th-228sp Ra-224" uU-238* uU-234* U-232sp
counts counts counts counts counts counts counts
226 | 2136 [5955.4269] 1340 2405 3707 |22006.896 |
U-238(dpm/g)=| 47.672194| + | 1.022972
U-234(dpm/g)=|73.480591| + | 1.302681
Th-232(dpm/g)=]9.8134361| + | 0.663114
Th-230(dpm/g)=|92.749997| + | 2.325087
U-234/U-238=[1.5413721| + [ 0.040324
Th-230/U-234=] 1.262238 | + | 0.034263
Th-230/Th-232=19.4513274| + | 0.659769
U234/Th-232=|7.4877536| + | 0.523086
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |63902.364
(m-1)
Th(ppb)=
Spike 25A  Spike 256B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1



NP2 Iu.cHW

W MCB # 1 ACQ ©02-21-95 AT 11:24:5@ RT : 9@972.8 LT : 9@967.4
No detector description was entered
NOPI-214 U 2/22/95

ROI # 2-1 RANGE : 113 to 173

AREA : Gross = 2456 Net = 2408 +/- 53

CENTROID : 154.45

SHAPE : Fwhm = 10.70 Channels Fwtm = 36.83 Channels
ROI # 2-2 RANGE : 332 to 400

AREA : Gross = 3854 Net = 3716 +/- 72

CENTROID : 383.17

SHAPE : Fwhm = 11.57 Channels Fwtm = 34.79 Channels
ROI # 2-3 RANGE : 549 to 619

AREA : Gross = 22735 Net = 22132 +/- 169

CENTROID : 601.14

SHAPE : Fwhm = 12.53 Channels Fwtm = 41.29 Channels



MCB

ROI

ROI

ROI

ROI

[ a9
t
3]

PO
{
w

ACQ ©2-22-95 AT 13:02:49 RT

50002.5

No detector description was entered

NOPI-214 Th 2/23/95

RANGE
AREA

39 to 94

Gross = 241 Net =

227

Could not properly fit the peak.

RANGE 279 to 361

AREA Gross = 2159 Net =
CENTROID 342.68

SHAPE Fwhm = 19.71 Channels
RANGE 558 to 657

AREA Gross = 6448 Net =
CENTROID 638.82

SHAPE Fwhm = 18.03 Channels
RANGE 686 to 762

AREA Gross = 1431 Net =
CENTROID 741.03

SHAPE Fwhm = 28.37 Channels

2138

Fwtm

6223

Fwtm

1356

Fwtm

]

PPZ I TW.cxn

LT : 50000.0

+/- 19

+/- 49

49.31 Channels

+/~ 99

56.92 Channels

+/- 47

46.80 Channels



NOPI-215

v U and Th Isotope Activities FILENAME= NP215U.CHN
NP215TH.CHN
Sample # NOPI-215 Sep. date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
| 0.5176 | 0.4991 | 454.83 | 1/22/93 | 755 |445.86842| Th-228/U-232=] 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=} 1517.463 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228={ 0.9937803 CF for U-232=| 1.0053217
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
L1738 | 2932 [ 6272 [ 1060 | [ 5022 | 5124 | 20119 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 [ 8 | 17 | 26 | | 3 | 6 | 14 |
Th-232" Th-230" Th-228sp Ra-224" uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
169 [ 2924 [6070.008] 1034 | 5019 | 5118 [19998.574]
U-238(dpm/g)=|107.89919! + | 1.702033
' U-234(dpm/g)=| 110.0275 | + | 1.721726
Th-232(dpm/g)=[7.0960151] + | 0.54689
Th-230(dpm/g)=]122.77366| + | 2.746683
U-234/U-238=| 1.019725 | + | 0.020248
Th-230/U-234=11.1158451} + | 0.025839
Th-230/Th-232=|17.301775| + | 1.353681
U234/Th-232=| 15.505534| + | 1.219395
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |144633.86
{m-1)

Thippb)=

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1



W MCB

ROT

ROI

ROI

ACQ ©2-21-95 AT 11:24:51 RT : 91047.8
No detector description was entered
NOPI-215 U 2/22/95

RANGE : 66 to 161

AREA : Gross = 5198 Net = 5022
CENTROID : 135.95

SHAPE : Fwhm = 20.28 Channels Futm =
RANGE : 311 to 410

AREA : Gross = 5374 Net = 5124
CENTROID : 384.32

SHAPE : Fwhm = 22.30 Channels Fwtm =
RANGE 562 to 646

AREA : Gross = 21253 Net = 20119
CENTROID : 621.73

SHAPE : Fwhm = 18.34 Channels Fwtm =

NP 215U« c B

LT : 91042.4

+/- 88

51.67 Channels

+/- 95

51.67 Channels

+/- 187

51.87 Channels



W MCB

ROTI

ROI

ROI

NP216 Tho el

ACQ ©02-22-95 AT 13:02:50 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-215 Th 2/23/95%

RANGE : 23 to 72

AREA : Gross = 205 Net = 173 +/- 20
CENTROID : 53.66

SHAPE : Fwhm = 1.99 Channels Fwtm = 20.44 Channels
RANGE : 276 to 363

AREA : Gross = 3020 Net = 2932 +/- 64
CENTROID : 337.56

SHAPE : Fwhm = 17.20 Channels Fwtm = 60.58 Channels
RANGE : 573 to 685

AREA : Gross = 6385 Net = 6272 +/- 91
CENTROID : 657.06

SHAPE : Fwhm = 19.56 Channels Fwtm = 64.13 Channels
RANGE : 718 to 794

AREA : Gross = 1163 Net = 1060 +/- 48
CENTROID : 767.37

SHAPE : Fwhm = 23.45 Channels Fwtm = 50.87 Channels



NOPI-216

U and Th Isotope Activities FILENAME= NP216U.CHN
NP216TH.CHN
Sample # NOPI-216 Sep. date | 2/16/95
Analyst JOP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
| 0.5183 | 0.4977 | 454.83 [ 1/22/93 | 755 [445.86842] Th-228/U-232=| 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=] 416.695 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0049547
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 146 [ 10718 | 6006 | 1227 | | 87738 [ 3935 | 3043 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 7 | 13 | 40 | I 9 [ 10 | 14 |
Th-232* Th-230* Th-228sp Ra-224* U-238* uU-234* U-232sp
counts counts counts counts counts counts counts
[ 145 | 10711 [5822.2034] 1187 | [ 3764 | 3925 [3014.0662]
U-238(dpm/g)=| 534.6751 | £ | 13.02748
U-234(dpm/g)=|557.54511] £ | 13.45929
Th-232(dpm/g)={6.3210683} + | 0.529456
Th-230(dpm/g)=| 466.93078| + | 7.526153
U-234/U-238=}1.0427736| + | 0.02376
Th-230/U-234=[0.8374762| + | 0.01561
Th-230/Th-232={73.868966| + | 6.154937
U234/Th-232=[88.204253| + | 7.688744
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)=
(m-1)
Th(ppb)=
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2646.0026 264.31598 26.417691
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ROI

ROI

ROI

ACQ ©2-21-95 AT 15:29:25 RT
No detector description was entered
NOPI-216 U 2/22/95

RANGE 27 to 154

AREA Gross = 4068 Net = 3773
CENTROID 116.52

SHAPE Fwhm = 57.37 Channels Fwtm
RANGE 274 to 404

AREA Gross = 4045 Net = 3935
CENTROID 368.08

SHAPE Fwhm = 54.39 Channels Fwtm
RANGE 552 to 642

AREA Gross = 3906 Net = 3043
CENTROID 615.15

SHAPE Fwhm = 46.7@ Channels Fwtm

25001.7

pﬁ>a\b\&¢C*Hd

LT : 25000.0

+/- 99

98.@4 Channels

+/- 79

100.29 Channels

+/- 124

65.21 Channels



NPL\C‘;\-(/{"‘VD

w MCB # 1 ACQ 02-22-95 AT 13:02:50 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-216 Th 2/23/95

ROI # 8-1 RANGE : 20 to 67

AREA : Gross = 274 Net = 146 +/- 32

CENTROID : 45.86

SHAPE : Fwhm = 4.84 Channels Fwtm = 14.88 Channels
ROI # 8-2 RANGE : 260 to 361

AREA : Gross = 11075 Net = 10718 +/- 128

CENTROID : 336.16

SHAPE : Fwhm = 24.61 Channels Fwtm = 62.29 Channels
ROI # 8-3 RANGE : 585 to 685

AREA : Gross = 6275 Net = 6006 +/- 101

CENTROID : 659. 36

SHAPE : Fwhm = 20.22 Channels Fwtm = 68.73 Channels

Q@Y ROI # 8-4 RANGE : 716 to 794

AREA : Gross = 1437 Net = 1227 +/- 61

CENTROID : 768.20

SHAPE : Fwhm = 23.63 Channels Fwtm = 49.54 Channels



NOPI-216r

U and Th Isotope Activities FILENAME= NP216U3.CHN
w NP216TH3.CHN
Sample # NOPI-216 Sep. date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
[T05183 | 0.4977 | 454.83 | 1/22/93 | 755 | 445.8684 | Th-228/U-232=( 0.5928116
Counting time for Th=} 940.75 (mins.) Counting time for U=] 940.73 (mins.)
Days btwn. sep. and count.= 47 (days) Days btwn. sep. and count.= 47 (days)
CF for Th-228=| 0.9541361 CF for U-232=| 1.0445884
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 132 | 7564 | 4201 [ 1312 | |l 3351 | 3355 | 3353 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
l 1 [ 3 | 11| 19 | I 5 | 6 | 8 |
Th-232* Th-230~ Th-228sp Ra-224" U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 131 | 7561 |4282.9101[ 1293 | [ 3346 | 3349 [3202.2181]
U-238(dpm/g)=| 447.3714 | £ | 10.92776
' U-234(dpm/g)=| 447.7725 | + | 10.9343
Th-232(dpm/g)=| 7.763225 | £+ | 0.686016
Th-230(dpm/g)=| 448.0744 | + | 8.563393
U-234/U-238=| 1.000897 | + { 0.024445
Th-230/U-234=| 1.000674 | + | 0.020757
Th-230/Th-232=| 57.71756 | + | 56.067313
U234/Th-232=| 57.67866 | + | 5.287943

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 599680.5

(m-1)
Th(ppb)= [ 31771.95
Spike 25A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2646.0026 264.31598 26.417691
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W MCB

ROI

ROI

ROI

ACQ 04-03-95 AT 14:58:45 RT
No detector description was entered
NOPI-216 U 4/4/95

RANGE 45 to 148

AREA Gross = 3592 Net = 3351
CENTROID 121.57

SHAPE Fwhm = 39.02 Channels Fwtm
RANGE 305 to 398

AREA Gross = 3636 Net = 3355
CENTROID 372.82

SHAPE Fwhm = 41.00 Channels Fwtm
RANGE 556 to 638

AREA Gross = 3655 Net = 3353
CENTROID 613.68

SHAPE Fwhm = 36.69 Channels Fwtm

56444.0

PP Ay LA

LT : 56437.0

+/- 85

76.028 Channels

+/- 86

66.47 Channels

+/- 85

66.61 Channels



MCB

ROI

ROTI

ROI

ROI

N
i
[y

ACQ 04-03-95 AT 14:58:44 RT : 56445.0

No detector description was entered
NOPI-216 Th 4/4/95

RANGE : 35 to 90

AREA : Gross = 132 Net = 132
CENTROID : 77.9@

SHAPE : Fwhnm = 1.40 Channels Fwtm
RANGE : 256 to 362

AREA : Gross = 7654 Net = 7564
CENTROID : 341.69

SHAPE : Fwhm = 19.04 Channels Fwtm
RANGE : 565 to 657

AREA : Gross = 4478 Net = 4291
CENTROID : 638.07

SHAPE : Fwhm = 16.28 Channels Fwtm
RANGE : 680 to 763

AREA : Gross = 1497 Net = 1312

CENTROID : 740.93
SHAPE : Fwhm = 31.09 Channels Fwtm

Y 21uThy Py
LT : 56438.9

+/- 11

20.32 Channels

+/- 95

53.22 Channels

+/- 84

55.42 Channels

+/- 61

51.4@ Channels



NOPI-217

' U and Th Isotope Activities FILENAME= NP217U.CHN
NP217TH.CHN
Sample # NOPI-217 Sep.date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (@) (dpm/g) of spike ref. and sep. (dpm/q)
[ 05166 | 0.4949 | 454.83 | 1/22/93 | 755 [445.86842] Th-228/U-232=| 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=|] 1517.903 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0053218
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 184 | 4005 | 6862 | 1123 | | 6778 | 6873 | 22363 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 3 [ 23 | 46 | K | 7 | 36 |
Th-232" Th-230" Th-228sp Ra-224* U-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 134 | 4002 [6690.3648] 1077 | | 6777 | 6866 [22208.809]
U-238(dpm/g)=|130.34128] + | 1.807251
. U-234(dpm/g)=| 132.05301| + | 1.821248
Th-232(dpm/g)=| 5.071559 | + | 0.442373
Th-230(dpm/g)=|151.46551| + | 3.01191
U-234/U-238=]1.0131327] £ | 0.017343
Th-230/U-234={1.1470054] + | 0.022802
Th-230/Th-232=| 29.865672 + | 2.622807
U234/Th-232=|26.037952| + | 2.299408
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)=
(m-1)

Th(ppb)= [20755.978

Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page t



MCB

ROI

ROI

ROI

11

]
—

11-2

11-3

ACQ ©2-21-95 AT 11:24:52 RT
No detector description was entered
NOPI-217 U 2/22/95

RANGE 80 to 168

AREA Gross = 6880 Net = 6778
CENTROID 139.05

SHAPE Fwhm = 26.78 Channels Fwtm
RANGE 328 to 417

AREA Gross = 7008 Net = 6873
CENTROID 388.12

SHAPE Fwhm = 28.69 Channels Fwtm
RANGE 570 to 655

AREA Gross = 23123 Net = 22363
CENTROID 626.73

SHAPE Fwhm = 23.56 Channels Fwtm

91074.2

F)PZJj\k‘Cr*d

LT : 91068.8

+/- 90

52.68 Channels

+/- %4

54.88 Channels

+/- 180

55.82 Channels



NPz TTh.CHW

‘.’ MCB # 1 ACQ ©2-22-95 AT 13:02:50 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-217 Th 2/23/95%
ROI # 9-1 RANGE : 22 to 68
AREA : Gross = 182 Net = 134 +/- 21
CENTROID : 46.86
SHAPE : Fwhm = 1.42 Channels Fwtm = 14.98 Channels
ROI # 9-2 RANGE : 269 to 366
AREA : Gross = 4103 Net = 4005 +/- 74
CENTROID : 343.41
SHAPE : Fwhm = 22.38 Channels Futm = 57.64 Channels
ROI # 9-3 RANGE : 592 to 686
AREA : Gross = 7081 Net = 6862 +/~ 101
CENTROID : 663.19
SHAPE : Fwhm = 21.7@ Channels Fwtm = 65.52 Channels
. ROI # 9-4 RANGE : 728 to 798
AREA : Gross = 1334 Net = 1123 +/- 58
CENTROID : 779.17
SHAPE : Fwhm = 25.36 Channels Fwtm = 48.37 Channels



NOPI-218
U and Th Isotope Activities FILENAME= NP218U.CHN
NP218TH.CHN
Sample # NOPI-218 Sep.date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/qg) of spike ref. and sep. (dpm/g)
| 0.5283 | 0.4943 | 454.83 [ 1/22/93 | 755 [445.86842] Th-228/U-232=| 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=| 1518.307 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=( 0.9937803 CF for U-232=| 1.005322
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 154 | 1678 | 6364 | 1101 | | 2566 | 2914 | 20833 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
|l o | v+ | 14 | 56 | Il 16 | 17 | 18 |
Th-232" Th-230* Th-228sp Ra-224" uU-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 154 | 1677 [6180.0109] 1045 | [ 2550 | 2897 [ 20704.81]
U-238(dpm/g)=| 51.379 + ] 1.07493
U-234(dpm/g)=| 58.370573| + [ 1.154457
Th-232(dpm/g)=|6.1626131| + | 0.50257
Th-230(dpm/g)={67.108456] £ | 1.841612
U-234/U-238=)|1.1360784| + [ 0.030756
Th-230/U-234=| 1.1496967( = | 0.035233
Th-230/Th-232=| 10.88961 | £ [ 0.916893
U234/Th-232=[9.4717244( + | 0.794825
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |68871.165
(m-1)
Th(ppb)= |25221.252
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1



ROT

ROI

ROI

# 12-1

# 12-2

# 12-3

ACQ ©02-21-95 AT 11:24:52 RT : 91098.4
No detector description was entered
NOPI-218 U 2/22/95

RANGE : 81 to 161

AREA : Gross = 2687 Net = 2566
CENTROID : 136.05

SHAPE : Fwhm = 22,24 Channels Fwtm =
RANGE : 325 to 412

AREA : Gross = 3090 Net = 2914
CENTROID : 386.88

SHAPE : Fwhm = 22.94 Channels Fwtm =
RANGE : 570 to 648

AREA : Gross = 22032 Net = 20833
CENTROID : 624.01

SHAPE : Fwhm = 19.74 Channels Fwtm =

Q?L\%\&-LW

LT : 91093.@

+/- 64

51.13 Channels

+/- 73

51.89 Channels

+/- 188

51.90 Channels



MCB

ROT

ROI

ROI

ROI

10

|
[

10-2

10-3

10-4

0P 213 T el

ACQ ©2-22-95 AT 13:02:50 RT : 50Q002.5 LT : 50000.0
No detector description was entered
NOPI-218 Th 2/23/95

RANGE : 24 to 59

AREA : Gross = 190 Net = 154 +/- 18
CENTROID : 39.92

SHAPE : Fwhm = 6.49 Channels Fwtm = 21.74 Channels
RANGE : 263 to 349

AREA : Gross = 1721 Net = 1678 +/- 48
CENTROID : 327.64

SHAPE : Fwhm = 20.90 Channels Fwtm = 53.07 Channels
RANGE : 578 to 674

AREA : Gross = 6476 Net = 6364 +/- 90
CENTROID : 648.31

SHAPE : Fwhm = 20.81 Channels Fwtm = 63.09 Channels
RANGE : 711 to 783

AREA : Gross = 1103 Net = 1101 +/- 34

CENTROID : 759.37
SHAPE : Fwhm = 24.85 Channels Fwtnm = 55.12 Channels



NOPI-219

' U and Th Isotope Activities FILENAME= NP219U.CHN
NP219TH.CHN
Sample # NOPI-219 Sep.date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/g)
| 0.5246 | 0.4953 | 454.83 | 1/22/93 | 755 [445.86842] Th-228/U-232={ 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=] 1518.76 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0053221
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 223 | 1201 | 5838 | 937 | | 1661 | 2032 | 19521 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| o | 2 | 32 | 22 | I 29 | 16 | 10 |
Th-232* Th-230* Th-228sp Ra-224~ U-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 223 1 1199 [5570.5393] 915 | [ 1632 | 2016 | 19407.71 |
U-238(dpm/g)=|35.399132| + | 0.904774
W U-234(dpm/g)=[43.728339| + [ 1.019305
Th-232(dpm/g)=|9.9901288 + | 0.681646
Th-230(dpm/g)=|53.713742] £ { 1.701913
U-234/U-238=| 1.2352941] + | 0.040861
Th-230/U-234=| 1.2283508| + | 0.044709
Th-230/Th-232=|5.3766816] + | 0.392054
U234/Th-232=|4.3771547| + | 0.315609
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U{ppb)= [47450.894
(m-1)
Th(ppb)= | 40885.83
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1



MCB

ROI

ROI

ROI

13-1

[\

13-

13-3

ACQ ©2-21-95 AT 11:24:52 RT : 91125.6
No detector description was entered
NOPI-219 U 2/22/95

RANGE : 83 to 149

AREA : Gross = 1805 Net = 1661
CENTROID : 126.88

SHAPE : Fwhm = 25.05 Channels Fwtm =
RANGE : 325 to 396

AREA : Gross = 2266 Net = 2032
CENTROID : 374.33

SHAPE : Fwhm = 23.09 Channels Fwtm =
RANGE : 561 to 637

AREA : Gross = 20868 Net = 19521

CENTROID : 610.97
SHAPE : Fwhm = 21.62 Channels Fwtm

¥4

0 P 2 A L

LT : 91120.1

+/- 56

48.50 Channels

+/- 68

51.29 Channels

+/- 188

52.59 Channels



w MCB

ROI

ROI

ROI

ROI

11-1

11-2

11

i
w

11-4

NV P2ZraTh.cew

ACQ ©2-22-95 AT 13:02:50 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-219 Th 2/23/95

RANGE : 21 to 76

AREA : Gross = 251 Net = 223 +/- 21
CENTROID : 52.00

SHAPE : Fwhm = 1.83 Channels Fwtm = 32.69 Channels
RANGE : 293 to 368

AREA : Gross = 1277 Net = 1201 +/- 46
CENTROID : 348.80

SHAPE : Fwhm = 21.37 Channels Fwtm = 58.42 Channels
RANGE : 594 to 696

AREA : Gross = 6127 Net = 5838 +/- 103
CENTROID : 669.64

SHAPE : Fwhm = 21.61 Channels Fwtm = 69.95 Channels
RANGE : 727 to 804

AREA : Gross = 1093 Net = 937 +/~- 53
CENTROID : 782.18

SHAPE : Fwhm = 26.66 Channels Fwtm = 49.57 Channels



NOPI-221

' U and Th Isotope Activities FILENAME= NP221U.CHN
NP221TH.CHN
Sample # NOPI-221 Sep.date | 2/16/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/qg) of spike  ref. and sep. (dpm/g)
| 0.5129 | 0.4953 | 454.83 [ 1/22/93 | 755 |445.86842] Th-228/U-232=( 0.5928116
Counting time for Th=] 833.375 (mins.) Counting time for U=} 1519.0617 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0053222
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 190 [ 2261 | 6018 | 1100 | | 4724 | 4568 | 23223 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 5 | 8 | 14 | 26 | | 27 | 26 | 43 |
Th-232" Th-230" Th-228sp Ra-224~ uU-238- u-234 U-232sp
counts counts counts counts counts counts counts
| 185 | 2253 [5799.2988| 1074 | [ 4697 | 4542 [23057.284]
U-238(dpm/g)=|87.711138| + | 1.399936
. U-234(dpm/g)=[84.816689| + | 1.372812
Th-232(dpm/g)=|8.1424537; = | 0.599968
Th-230(dpm/g)=|99.161882} + | 2.446005
U-234/U-238={0.9670002] + | 0.020066
Th-230/U-234=[1.1691317| £ | 0.030063
Th-230/Th-232=|12.178378] + | 0.919886
U234/Th-232=|10.416601| + | 0.785836
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= (117572.71

{m-1)

Th(ppb)= | 33323.993

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2646.0026 264.31598 26.417691

Page 1



MCB

ROI

ROI

ROI

# 1

# 14-1

# 14-2

# 14-3

ACQ ©2-21-95 AT 11:24:52 RT : 91143.7
No detector description was entered
NOPI-221 U 2/22/95

RANGE : 79 to 152

AREA : Gross = 4872 Net = 4724
CENTROID : 129.94

SHAPE : Fwhm = 22,73 Channels Fwtm =
RANGE : 319 to 401

AREA : Gross = 4747 Net = 4568
CENTROID : 379.84

SHAPE : Fwhm = 20.92 Channels Fwtm =
RANGE : 561 to 641

AREA : Gross = 23939 Net = 23223

CENTROID : 617.28
SHAPE : Fwhm = 17.64 Channels Fwtm

i

g?zz\u-b\'\“‘)

LT : 91138.2

+/- 80

48.17 Channels

+/- 83

49.79 Channels

+/- 179

51.45 Channels



MCB

ROI

ROI

ROI

ROT

12-1

12-2

12

|
w

12-4

ppzz ITheRs

ACQ ©2-22-95 AT 13:02:50 RT : 50002.5 LT : 50000.0
No detector description was entered
NOPI-221 Th 2/23/95

RANGE : 24 to 71

AREA : Gross = 276 Net = 190 +/~- 28
CENTROID : 53.23

SHAPE : Fwhm = 4.13 Channels Fwtm = 26.23 Channels
RANGE : 291 to 367

AREA : Gross = 2518 Net = 2261 +/- 73
CENTROID : 343.90

SHAPE : Fwhm = 23.60 Channels Fwtm = 57.92 Channels
RANGE : 598 to 693

AREA : Gross = 6417 Net = 6018 +/- 119
CENTROID : 665.44

SHAPE : Fwhm = 22.29 Channels Fwtm = 70.15 Channels
RANGE : 722 to 801

AREA : Gross = 1284 Net = 1100 +/- 58

CENTROID : 774.25
SHAPE : Fwhm = 13.86 Channels Fwtm = 54.77 Channels



U/Th Digestion (Nopal rock samples)

Sample 1. D. # _ NOPT -2 4%

Date

U=las
\ 3

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ O S-1% .

2. Record dry weight of sample = . 341t g and place in a teflon PFA vessel.
3. Using a weighing boat, ua\t_;t{ka{jvely add a known amount of 232U/228Th spike to the PFA vessel.
0
232U228Th spike # _-e Reference Date __| l 2 |‘l3
1w
Reference Activity _204.83  pCi/g Spikewt. __, 2425 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
1 10.0
HE 0.5
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 i 1 PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition.of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavinge by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Ré¢peat washing.
10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 m! ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot#__ 49L43A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)

Load sample in 9M HC] and allow to drain v
Wash 3 volumes (~35 ml) 9M HC1 --> Th < ~r =
Elute 4 volumes (~50 ml) 0.1M HC1 --> U and Fe P A

Separation Date _ { l:i (f] S

*#*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCI [
Add ~5 ml conc HNOj to dissolve residue <
. Add equal vol (~5 ml) DI water so soln 8M HNO, e
Load onto column in 8M HNO, — -
Wash 3-4 column vols 8M HNO, <~
Elute 4-5 column vols 9M HCI --> Th v~

Uranjum Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness J
Pick up in about 2 ml conc HNO; 7
Dilute with about 2 ml DI water to approx 8M HNO, d
Load onto column in 8M HNO, e
Wash 2 vols (8-10 ml) 8M HNO; --> Fe P
Elute 4-5 vols 0.1IM HCI --> U v




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Uranium - F- precipitation onto filter

P\S”.\’S"S" > » dp o=

10.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 m1 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date [‘ 49 lﬂ 5

UXe \

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up. :

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitateon a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date [/ 4

—
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MCB # 1 ACQ 01-08-95 AT 22:08:57 RT : 50006.7 LT : 50000.90
No detector description was entered
NOPI-294 U 1/1@/95

ROI # 9-1 RANGE : 46 = 398.79keV to 163 = 425.83keV
AREA : Gross = 5912 Net = 5796 +/- 89
CENTROID : 132.63 = 418.82keV
SHAPE : Fwhm = 7.35keV Fwtm = 12.98keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.116 +/- 0.00

ROI # 9-2 RANGE : 291 = 455.42keV to 411 = 483.15keV
AREA : Gross = 6977 Net = 6916 +/- 90

CENTROID : 379.54 = 475.88keV
SHAPE : Fwhm = 8.00keV Fwtm = 14.33keV

ID : SB-125 at 463.38keV

Corrected Rate = 0.138 +/~- 0.00
ROI # 9-3 RANGE : 526 = 509.73keV to 645 = 537.,24keV
AREA : Gross = 8519 Net = 8398 +/- 103

CENTROID : 617.63 = 530.91keV
SHAPE : Fwhm = 8.67keV Fwtm = 13.23keV

ID : No close library match
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MCB

ROI

ROI

ROI

ROI

10-1

10-2

10-3

l10-4

ACQ ©

1-08-95 AT 22:08:57

ppaas T et

No detector description was entered

NOPI-

RANGE
AREA

CENTR
SHAPE

ID

RANGE
AREA

CENTR
SHAPE

ID
Corre

RANGE
AREA

CENTR
SHAPE

ID

RANGE
AREA

CENTR
SHAPE

ID

294 Th 1/10/95

12 = 397.10keV
: Gross = 187 Ne
OID : 16.00 = 398.0
Fwhm = Q.35keV

No close library match

193 = 439.01keV
: Gross = 8342 Ne
OID : 321.22 = 468.7
Fwhm = 10.52keV

SB-125 at 463.38keV
cted Rate = 0.107

: 522 = §515.21keV
: Gross = 5305 Ne
OID : 645.14 = 543.7
s Fwhm = 7.38keV

No close library match

3 690 = 554.11keV
: Gross = 2378 Ne
OID : 762.19 = §70.8
s Fwhm = 4.76keV

No close library match

RT : 75008.3 LT
to 57 = 407.52keV
t = 86 +/~- 28
2keV
Fwtm = 0.94keV
to 353 = 476.97keV
t = 8021 +/- 128
lkeV
Fwtm = 18.87keV
+/- 0.00
to 673 = 550.17keV
t = 5077 +/- 103
2keV
Fwtm = 18.11keV
to 788 = 576.81keV
t = 2100 +/- 80
3keV
Fwtm = 14.01keV

75000.0
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U/Th Digestion (Nopal rock samples)

Sample.D.# _ NOP1-30\

Date

1=las
|

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ 0518 .

2. Record dry weight of sample = .33 05 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
22J2BTh spike # _AS5B Reference Date __§ l zZ !"\ >

%0V o 2415

Reference Activity _204.33  pCi/g Spike wt. 47> g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

HCt 10.0
HE 0.5

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tabe. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7. 7
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

Lot#__HalL3z K )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain -

Wash 3 volumes (~35 ml) 9M HCI --> Th -z z Z

Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe 7 Z _/ Z
Separation Date ___| | 4|45

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI e
. Add ~5 ml conc HNO; to dissolve residue —z
‘ Add equal vol (~5 ml) DI water so soln 8M HNO, —<
Load onto column in 8M HNO;3 <
Wash 3-4 column vols 8M HNO, - g -~
Elute 4-5 column vols 9M HCl > Th / -~

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness ~
Pick up in about 2 ml conc HNO, i
Dilute with about 2 ml DI water to approx 8M HNO, '
Load onto column in 8M HNO, 7
Wash 2 vols (8-10 ml) 8M HNO; --> Fe .
Elute 4-5 vols 0.IM HCI --> U —




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

ess.
Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.
Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.
Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation
Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.
Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.
Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.
Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).
Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date _L'Iil_ﬁi_

Uranium - F- precipitation onto filter

1.
2.

L S

o

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mli portions of IM
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date I! ‘f‘/‘f 5
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MCB # 1 ACQ 01-08-95 AT 22:08:57 RT : 50006.7 LT : 50000.0
No detector description was entered
NOPI-301 U 1/10/95
ROI # 11-1 RANGE 37 = 396.17keV to 163 = 425.20keV
AREA : Gross = 9568 Net = 9167 +/- 131

CENTROID : 131.37 = 417.91keV
SHAPE : Fwhm = 9.32keV Fwtm = 17.06keV

ID : SB-125 at 427.89keV

Corrected Rate = 2.183 +/- 0.00

ROI # 11-2 RANGE : 267 = 449.16keV to 414 = 483.02keV
AREA : Gross = 11204 Net = 11032 +/~- 123
CENTROID : 381.52 = 475.54keV
SHAPE : Fwhm = 9.82keV Fwtm = 17.11keV
ID : SB-125 at 463.38keV
Corrected Rate = 9,221 +/- 0.00

ROI # 11-3 RANGE : 522 = 507.90keV to 647 = 536.70keV
AREA : Gross = 3423 Net = 3297 +/- 76

CENTROID : 616.15 = 529,59keV
SHAPE : Fwhm = 9.88keV Fwtm = 17.61keV

ID : No close library match
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ROI

ROI

ROI

ROI

12-1

12-2

12-3

12-4

W

Th
NP3O\
ACQ 01-08-95 AT 22:08:57 RT : 75008.3 LT : 75000.0
No detector description was entered
NOPI-3@1 Th 1/10/95
RANGE : 11 = 390.03keV to 66 = 402.76keV
AREA : Gross = 314 Net = 90 +/- 44
CENTROID : 61.76 = 401.78keV
SHAPE : Fwhm = 0.41keV Fwtm = 1.14keV
ID : No close library match
RANGE : 185 = 430.31keV to 377 = 474.77keV
AREA : Gross = 35742 Net = 34681 +/- 260
CENTROID : 333.82 = 464.77keV
SHAPE : Fwhm = 10.80keV Fwtm = 20.32keV
ID : SB-125 at 463.38keV
Corrected Rate = 9.462 +/- 0.00
RANGE : 6568 = 518.99keV to 690 = 547.24keV
AREA : Gross = 5254 Net = 5009 +/- 99
CENTROID : 659.81 = 540.25keV
SHAPE : Fwhm = 7.10keV Fwtm = 18.25keV
ID : No close library match
RANGE : 716 = 553.26keV to 815 = 576.18keV
AREA : Gross = 3057 Net = 2557 +/- 102
CENTROID : 774.72 = 566.85keV
SHAPE : Fwhm = 6.21keV Fwtm = 15.96keV

ID : No close library match
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U/Th Digestion (Nopal rock samples)

Sample LD.# _ PO PT-H\T

Date

113 ]as”
t 3

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion. '

ApplicationNote = ___ 05-18 .

2. Record dry weight of sample = ___» 308 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
BYLBTh spike # __25 B Reference Date ___| ’ v l‘\ >

L1V

Reference Activityt 104.83 pCig Spikewt. ___-2412 ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

He 0.0
HE 0.5

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add | ml ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange ResirA AG 1-X8 100-200 mesh chloride form.

(Lot#___ d4a(43 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain e
Wash 3 volumes (~35 ml) 9M HC1 --> Th < L L
Elute 4 volumes (~50 ml) 0.1IM HC1 --> U and Fe z s S <

Separation Date J_[_h\_\ﬁb’_

*##Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI 1
Add ~5 ml conc HNO; to dissolve residue v
' Add equal vol (~5 ml) DI water so soin 8M HNO, v
Load onto column in 8M HNO; __-/
Wash 3-4 column vols 8M HNO, _/
Elute 4-5 column vols 9M HCI --> Th VA

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness -
Pick up in about 2 ml conc HNO, -

Dilute with about 2 mi DI water to approx 8M HNO; e

Load onto column in 8M HNO; Z

Wash 2 vols (8-10 ml) 8M HNO; --> Fe Z pd

Elute 4-5 vols 0.IM HC1 --> U ) e {




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date 6[10 Z'j s

Uranium - F~ precipitation onto filter

1.

2.

®»N o W

hed

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

q -
U Counting Date //’I/ 95




‘I’ MCB # 1

ROI #

ROI #

ROI #

1-1

1-2

1-3

OPa TR CH

ACQ 21-08-95 AT 22:08:56 RT : 50006.7 LT : 50000.0
No detector description was entered
NOPI-417 U 1/10/95

RANGE : 36 = 3.88keV to 161 = 4.19keV
AREA : Gross = 9169 Net = 8917 +/- 118
CENTROID : 140.27 = 4.14keV

SHAPE : Fwhm = Q.08keV Fwtm = 0.16keV

ID : No close library match

RANGE : 266 = 4.45keV to 388 = 4.75keV
AREA : Gross = 11756 Net = 11325 +/- 140
CENTROID : 366.76 = 4.70keV

SHAPE : Fwhmp = 0.09keV Fwtm = @.17keV

ID : No close library match

RANGE : 531 = S.11keV to 605 = 5.29keV
AREA : Gross = 1547 Net = 1383 +/- 57
CENTROID : 587.88 = 5.25keV

SHAPE : Fwhm = 0.04keV Fwtm = Q0.12keV

ID : No close library match
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WP 1T

MCB # 1 ACQ ©01-09-95 AT 21:34:22 RT : 25902.0 LT : 25900.9
No detector description was entered
NOPI-417 Th 1/1@/95

ROI # 11-1 RANGE : 14 = 390.87keV to 66 = 402,.85keV
AREA : Gross = 93 Net = 28 +/~- 23
Could not properly fit the peak.

ROT # 11-2 RANGE : 213 = 436.72keV to 375 = 474.04keV
AREA : Gross = 43146 Net = 42821 +/- 227
CENTROID : 339.52 = 465.86keV
SHAPE : Fwhm = 10.39keV Fwtm = 17.79keV

ID : SB-125 at 463.38keV

Corrected Rate = 1.653 +/- 0.01
ROI # 11-3 RANGE : 591 = 523.80keV to 690 = 546.61keV
AREA : Gross = 2749 Net = 2548 +/- 175

CENTROID : 666.27 = 541.14KkeV
SHAPE : Fwhm = 4.45keV Fwtm = 16.02keV

ID : No close library match

ROI # 11-4 RANGE : 723 = ©554.21keV to 834 = §579,78keV
AREA : Gross = 2100 Net = 1932 +/- 70
CENTROID : 780.20 = 567.39keV
SHAPE : Fwhm = 7.024keV Fwtm = 19.99keV

ID : No close library match
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U/Th Digestion (Nopal rock samples)
Sample L. D. # PO P-4\ R

Date 1!3!‘\;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 0%-18 .
2. Record dry weight of sample = __.4Z2 %8 g and place in a teflon PFA vessel.
3 Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
BYLBTh spike # __ A58 Reference Date _\IZ_Zﬁ}_
Reference Activit)? iziﬁ_is_ pCi/g Spikewt.__ 4430 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
B 0.0
B 6.5
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOj4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#__4alUuzqg )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain -

Wash 3 volumes (~35 mi) 9M HCI1 --> Th - - -

Elute 4 volumes (~50 ml) 0.1M HC1 --> U and Fe e 7~ s =
Separation Date 4

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCl1 -->Th

NANVAR
N
\
\

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U

NNAARA
(A

\

N




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 m! PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
‘While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date__{ l 9 l 54

Uranium - F- precipitation onto filter

1.

2.

Gl I

Y

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier

and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve

the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.

Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M

HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is

probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid

clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of

cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then

with 80% ethanol.

Dry and analyze as described above.

U Counting Date  } l 9 Ii)l
I




MCB # 1
ROI # 5-1
ROI # 5-2

. ROI # 5-3

ACQ 01-08-95 AT 22:08:56
No detector description was entered
NOPI-418 U 1/10/95

RANGE
AREA

RT : 50006.7

39 = 3.85keV to 167 =

Gross = 8767

CENTROID : 141.44 = 4

SHAPE

ID :

RANGE
AREA

Fwhm = Q.10keV

Net = 8590
.12keV
Fwtm = 2.1

No close library match

252 = 4.42keV
Gross = 11054

CENTROID : 353.70 = 4

SHAPE

ID

RANGE
AREA

Fwhm = Q.10keV

to 385 =
Net = 10901
.69keV

Fwtm = 0.2

No close library match

491 = 5.06keV
Gross = 1654

CENTROID : 556.20 = 5

SHAPE

ID :

Fwhm = Q0.09keV

to 6588 =
Net = 1556
.24keV

Fwtm = 0.1

No close library match

LT .
4.19keV
+/- 111
9keV
4.78keV
+/- 119
QkeV
5.32keV
+/- 55
8keV

50000.0
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MCB

ROI

ROI

ROI

ROI

#

1

L’C“J

A\

pf"\\% &)
ACQ 921-08-95 AT 22:08:56 RT : 60007.6 LT 60000.0
No detector description was entered
NOPI-418 Th 1/10/95
RANGE : 11 = 3.86keV to 66 = 4.91keV
AREA : Gross = 182 Net = 126 +/- 24
CENTROID : 57.00 - 3.98keV
SHAPE : Fwhm = Q.00keV Fwtm = @.01keV
ID : No close library match
RANGE : 138 = 4.20keV to 360 = 4.78keV
AREA : Gross = 98401 Net = 97621 +/- 355

CENTROID : 309.02 = 4.65keV
SHAPE : Fwhm = 0.12keV Fwtm = @.22keV

ID : No close library match

RANGE : 484 = 5.11keV to 618 = 5.46keV
AREA : Gross = 7814 Net = 7166 +/- 145
CENTROID : 594.18 = 5.40keV

SHAPE : Fwhm = Q.12keV Fwtm = Q.20keV

ID : No close library match

RANGE : 621 = 5.47keV to 740 = 5.79keV
AREA : Gross = 5019 Net = 4119 +/- 146
CENTROID : 693.03 = 5.66keV

SHAPE : Fwhm = 9.10keV Fwtm = 0.26keV

ID : No close library match
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U/Th Digestion (Nopal rock samples)

Sample L. D.# _ p0o PT-4'9

Date

1z ]as
—

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ (05-{9 .

2, Record dry weight of sample = . 2008 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 222U/228Th spike to the PFA vessel.
22y28Th spike # _ A5B Reference Date _ll_&l_‘i

2t

Reference Activity _ 20438  pCi/g Spikewt.__. 2484 g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

HC\ 10.0
nE 0.3

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HC! and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HC1. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#__ 4Glw3A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain -
Wash 3 volumes (~35 ml) 9M HCl --> Th . I
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe I s s
”~
Separation Date il o)
***Note: May work on U and Th fractions simultaneously from this point on.
Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)
Heat Th fraction to evaporate HCI <
Add ~5 ml conc HNO; to dissolve residue -
Add equal vol (~5 ml) DI water so soln 8M HNO, pd
Load onto column in 8M HNO; e
Wash 3-4 column vols 8M HNO, - =
Elute 4-5 column vols 9M HCI --> Th _,_/ - -
Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)
Evaoprate U fraction to near dryness _'/
Pick up in about 2 ml conc HNO, yd
Dilute with about 2 ml DI water to approx 8M HNO, e
Load onto column in 8M HNO, yd
Wash 2 vols (8-10 ml) 8M HNO; --> Fe el yd
Elute 4-5 vols 0.IM HCl --> U -




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.
11

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date__| #ﬁ lag

Uranium - F- precipitation onto filter

1.

2.

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

V4
U CountingDate__J 5 /95
71




NP*—H“‘L'C\HA

MCB # 1 ACQ 01-08-95 AT 22:08:57 RT : 50006.7 LT : 50000.0
No detector description was entered
NOPI-419 U 1/10/95

ROI & 7-1 RANGE : 38 to 150
AREA : Gross = 7072 Net = 6469 +/- 131
CENTROID : 123.75
SHAPE : Fwhm = 39.22 Channels Fwtm = 75.84 Channels

ROI # 7-2 RANGE : 258 to 399
AREA : Gross = 11356 Net = 10880 +/~ 147
CENTROID : 370.61
SHAPE : Fwhm = 37.85 Channels Fwtm = 85.44 Channels

ROI # 7-3 RANGE : 511 to 636
AREA : Gross = 5860 Net = 5590 +/- 105

CENTROID : 607.53
SHAPE : Fwhm = 46.43 Channels Fwtm = 80.37 Channels
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P P AT W

MCB # 1 ACQ 01-08-95 AT 22:08:57 RT : 75008.3 LT : 75000.0
No detector description was entered
NOPI-419 Th 1/10/95

ROI # 8-1 RANGE : 12 = 393.61lkeV to 63 = 405.25keV
AREA : Gross = 530 Net = 287 +/- 46
CENTROID : 39.87 = 399.97keV
SHAPE : Fwhm = 0.87keV Fwtm = 4.75keV

ID : No close library match

ROI # 8-2 RANGE : 187 = 433.55keV to 364 = 473.95keV
AREA : Gross = 21488 Net = 21043 +/- 184
CENTROID : 330.66 = 466.34keV
SHAPE : Fwhm = 10.76keV Fwtm = 18.28keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.281 +/- 0.00

ROI # 8-3 RANGE : 567 = 520.28keV to 684 = 546.98keV
AREA : Gross = 5206 Net = 4911 +/- 102

CENTROID : 656.10 = 540.61keV
SHAPE : Fwhm = 6.04keV Fwtm = 16.29keV

ID : No close library match

ROI # 8-4 RANGE : 697 = 549.95keV to 803 = 574.14keV
AREA : Gross = 2472 Net = 2150 +/- 87
CENTROID : 770.13 = 566.64keV
SHAPE : Fwhm = 7.06keV Fwtm = 14.24keV

ID : No close library match
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U/Th Digestion (Nopal rock samples)
Sample L. D. # ANoPT-MrO0

Date \\»3 \_6\5/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote =~ O5-19% .

2. Record dry weight of sample = __. 3412 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 222U/228Th spike to the PFA vessel.
BYB8Thspike# _ 25 B Reference Date __\ l 22 'ﬁ Y
TN
Reference Activityt oM. 8%  pCig Spike wt. __. 24 3\ g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
Hel (0.0
{n 0.5
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot#__4yaqLY3IA )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HCI --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

A\
|\|\

=
—/

I\

rd

Separation Date _—t#t"q” % '/;0[1 N

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO»)
Heat Th fraction to evaporate HC] _/
Add ~5 ml conc HNO; to dissolve residue =
. Add equal vol (~5 ml) DI water so soln 8M HNO, -
Load onto column in 8M HNO, e
Wash 3-4 column vols 8M HNO, - s =
Elute 4-5 column vols 9M HCI --> Th i s s

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HCI --> U

WA
{
\
\




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2,

® N

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date Il \Llc\‘g

Uranium - F- precipitation onto filter

1.

2.

®»N o

©

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of IM
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

7
U Counting Date \\ \L‘ =)
U\




‘MCB#I

ROI #

ROTI #

ROI #

7-1

7-2

7-3

ACQ 01-1

2-95 AT ©2:39:28 RT
No detector description was entered
NOPI-420 U 1/13/95

50005.5

RANGE 26 to 154

AREA : Gross = 8466 Net = 8256
CENTROID 123,35

SHAPE Fwhm = 33.04 Channels Fwtm =
RANGE 271 to 400

AREA : Gross = 10384 Net = 10281
CENTROID 370.39

SHAPE : Fwhm = 39.86 Channels Fwtm =
RANGE : 530 to 634

AREA : Gross = 2813 Net = 2707
CENTROID : 608.20

SHAPE Fwhm = 31.37 Channels Fwtm =

p prrzow-cHW
LT : 50000.0

+/- 112

69.01 Channels

+/- 111

68.32 Channels

+/- 67

65.61 Channels
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MCB # 1

ROI #

ROTI #

ROI #

ROT #

8-1

8-2

8-3

8-4

—(L\.Ckf*3

‘)?G&LO
ACQ @1-12-95 AT 02:39:28 RT : 70239.2 LT 70232.4
No detector description was entered
NOPI-420 Th 1/13/95
RANGE : 11 = 393.38keV to 61 = 404.79keV
AREA : Gross = 372 Net = 245 +/- 35
CENTROID : 14.32 = 394.13keV
SHAPE : Fwhm = 0.45keV Fwtm = 1.99keV
ID : No close library match
RANGE : 203 = 437.20keV to 362 = 473.49keV
AREA : Gross = 37139 Net = 36447 +/- 233

CENTROID : 331.24 = 466.47keV
SHAPE : Fwhm = 10.61keV Fwtm = 17.97keV

ID : SB-125 at 463.38keV

Corrected Rate = 90.519 +/- 0.00

RANGE : 555 = 517.54keV to 680 = 546.07keV
AREA : Gross = 4342 Net = 4241 +/- 79
CENTROID : 655.93 = 540.37keV

SHAPE : Fwhm = 6.13keV Fwtm = 17.65keV

ID : No close library match

RANGE : 718 = 554.74keV to 819 = 577,79keV
AREA : Gross = 1063 Net = 858 +/- 64
CENTROID : 770.11 = 566.63keV

SHAPE : Fwhm = 6.32keV Fwtm = 16.85keV

ID :+ No close library match
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U/Th Digestion (Nopal rock samples)

Sample L. D. # PNopPT-v 2}

Date

\| 2 |as

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __02-13 .

2. Record dry weight of sample =___-%2.55 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
22U228Th spike # _ LS B Reference Date __| ! 11{az

1;'7 T \A

Reference Activity _7z.04. §8  pCi/g Spikewt. __.24ble ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

C 10.0
HE 0.5

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 mi of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
Lot# __ 44G4d A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain <
Wash 3 volumes (~35 ml) 9M HC1-->Th z - Zz
Elute 4 volumes (~50 ml) 0.1M HC] --> U and Fe _/ 7 =

Separation Date #:[Jﬁ/‘ 2’0 { h/q '

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Heat Th fraction to evaporate HCI <z

Add ~5 ml conc HNO; to dissolve residue /

Add equal vol (~5 ml) DI water so soln 8M HNO, z

Load onto column in 8M HNO, e -

Wash 3-4 column vols 8M HNO, 7 2

Elute 4-5 column vols 9M HCI --> Th — == -~

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness ____/
Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO, e
Load onto column in 8M HNO, pd
Wash 2 vols (8-10 ml) 8M HNO; --> Fe d
Elute 4-5 vols 0.IM HCI1 --> U '




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2,

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

-
Th Counting Date_l_)_&\c\_ﬁ'

Uranium - F- precipitation onto filter

1.

2.

Sadi B S

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCI.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

7~
U Counting Date__ )l ] L; as



MCB # 1
ROI # 9-1
ROI # 9-2

. ROI # 9-3

v
gpanidet

ACQ ©1-12-95 AT ©2:39:28 RT : 50005.5 LT : 50000.0
No detector description was entered
NOPI-421 U 1/13/95

RANGE : 28 = 394.63keV to 159 = 424.91keV
AREA : Gross = 10310 Net = 9650 +/- 153
CENTROID : 127.83 = 417.70keV

SHAPE : Fwhm = 9.00keV Fwtm = 18.06keV

ID : SB-125 at 427.89keV

Corrected Rate = @.193 +/- 0.00

RANGE : 246 = 445.02keV to 405 = 481.77keV
AREA : Gross = 12036 Net = 11796 +/- 134
CENTROID : 378.28 = 475.59keV

SHAPE : Fwhm = 9.38keV Fwtm = 18.44keV

ID : SB-125 at 463.38keV

Corrected Rate = 9.236 +/- 0.00

RANGE : 519 = 508.11keV to 640 = §536.08keV
AREA : Gross = 2326 Net = 2186 +/- 70
CENTROID : 613.60 = 529,98keV

SHAPE : Fwhm = 8.17keV Fwtm = 18.42keV

ID : No close library match
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MCB

ROI

ROI

ROI

ROI

#1

# 10-1

# 10-2

# 10-3

# 10-4

p P2\ ThoeH™

ACQ 901-12-95 AT 02:39:28 RT : 70376.0 LT : 70369.2
No detector description was entered
NOPI-421 Th 1/13/95

RANGE : 11 = 396.87keV to 64 = 409.14keV
AREA : Gross = 638 Net = 197 +/- 61
CENTROID : 16.31 = 398.10keV

SHAPE : Fwhm = @.71keV Fwtm = 2.41keV

ID : No close library match

RANGE : 140 = 426.74keV to 355 = 476.53keV
AREA : Gross = 67294 Net = 65602 +/- 353
CENTROID : 322.98 = 468.91keV

SHAPE : Fwhm = 10.32keV Fwtm = 20.18keV

ID : SB-125 at 463. 38keV

Corrected Rate = 9.932 +/- 0.01

RANGE : 525 = 515.90keV to 674 = 550.41keV
AREA : Gross = 6303 Net = 5966 +/- 119

CENTROID : 644.44 = 543.56keV
SHAPE : Fwhm = 6.02keV Fwtm = 17.32keV

ID : No close library match

RANGE : 695 = 555.27keV to 815 = 583,06keV
AREA : Gross = 1883 Net = 1441 +/- 100
CENTROID : 763.00 = 571.02keV

SHAPE : Fwhm = 5.98keV Fwtm = 18.30keV

ID : No close library match



U/Th Digestion (Nopal rock samples)
Sample L. D. # PO PIT-t2

Date t!z!*—‘\;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = __05-13 .

2, Record dry weight of sample = ___« 3050 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
BYLBThspike # 258 Reference Date _t | zz “\ 5
5 {2V
Reference Activityz___Lp:Lﬁ_L pCi/g Spikewt. __. 2990 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
HC 10.0
HE 0.5
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 mi of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCl and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCL. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
Lot _ 490 H¥3 A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain

-
Wash 3 volumes (~35 ml) 9M HCI -->Th o e yd
Elute 4 volumes (~50 ml) 0.IM HCl --> U and Fe - - =

Separation Date %&’Lﬁ/ ! {'OIC( < ?f

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCI --> Th

=
-

AR

Uranium Colump (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCl --> U

AW
\\

\

\




Source Preparation:

Thorjum - OH" precipitation onto filter

1.

2.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the fiiter chimney and allow to suck dry.
‘While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date \l \7—"\5

Uranium - F- precipitation onto filter

1.
2,

N

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of IM
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath fdr 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm meémbrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

”~
U Counting Date (\‘(7/(‘ as




MCB # 1

ROI # 11-1

ROI # 11-2

ROI # 11-3

NP 22U

ACQ 01-12-95 AT 02:39:28 RT : 50005.5 LT : 50000.0
No detector description was entered
NOPI-422 U 1/13/95

RANGE : 30 = 394.56keV to 164 = 425,43keV
AREA : Gross = 9120 Net = 8985 +/- 109
CENTROID : 132.48 = 418.16keV

SHAPE : Fwhm = 9.03keV Fwtm = 17.63keV

ID : SB-125 at 427.89%keV

Corrected Rate = 0.180 +/- @0.00

RANGE : 279 = 451.92keV to 415 = 483.25keV
AREA : Gross = 9640 Net = 9531 +/- 109
CENTROID : 380.40 = 475.28keV

SHAPE : Fwhm = 8.99keV Fwtm = 17.97keV

ID : SB-125 at 463.38keV

Corrected Rate = 9.191 +/- 0.00

RANGE : 531 = 509.98keV to 648 = 536.93keV
AREA : Gross = 3036 Net = 2977 +/- 64
CENTROID : 618.69 = 530.18keV

SHAPE : Fwhm = 9.59keV Fwtm = 16.98keV

ID : No close library match



.MCB#I

ROI # 11-1

ROI # 11-2

ACQ ©01-12-95 AT 02:39:28 RT : 50005.5 LT

No detector description was entered

NOPI-422 U 1/13/95

RANGE : 23 = 392.94keV to 167 = 426.12keV
AREA : Gross = 9139 Net = 8921 +/- 118
CENTROID : 132.48 = 418.16keV

SHAPE : Fwhm = 9.03keV Fwtm = 17.58keV

ID : SB-125 at 427.89keV

Corrected Rate = 90.178 +/~- 0.00

RANGE : 276 = 451.23keV to 414 = 483.02keV
AREA : Gross = 9644 Net = 9527 +/- 110
CENTROID : 380.40 = 475.28keV

SHAPE : Fwhm = 9.03keV Fwtm = 17.98keV

ID : SB-125 at 463.38keV
Corrected Rate = 0.191 +/- 0.00

50000.0



MCB

ROI

ROI

ROI

ROI

12-1

12-2

12-3

12-4

ACQ ©

1-12-95 AT 02:39:29

RT : 704

No detector description was entered

NOPI-

RANGE
AREA

CENTR
SHAPE

ID

RANGE
AREA

CENTR
SHAPE

ID :
Corre

RANGE
AREA

CENTR
SHAPE

ID :

RANGE
AREA

CENTR
SHAPE

ID

422 Th 1/13/95

: 12 = 390.26keV
Gross = 559 Ne
OID : 28.77 = 394.1
Fwhm = Q.28keV

No close library match

: 165 = 425.68keV
Gross = 39949 Ne
OID : 336.22 = 465.3

Fwhm = 11.33keV

SB-125 at 463.38keV
cted Rate = 9.550

530 = 510.19keV
: Gross = 6897 Ne

to 66 =
t = 163
4keV

Fwtm =

to 371 =
t = 38741
3keV

Fwtm =

pper®’

80.5 LT

402.76keV

+/-

@.66keV

58

473.38keV

+/-

21.52keV

+/- 0.00

to 688 =
t = 6579

OID : 660.89 = 540.50keV

: Fwhm = 7.21keV

No close library match

698 = 549.09keV
: Gross = 1588 Ne
OID : 782.98 = 568.5
: Fwhm = 1.96keV

No close library match

Fwtm =

to 834 =
t = 1178
5keV
Fwtm =

281

546.77keV

+/-

19.13keV

121

580.58keV

+/-

14.92keV

101

\.\.c'ct'*)

70473.6



U/Th Digestion (Nopal rock samples)
Sample .D.# ___NoPT-M23

Date l!?:!‘\g

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote =__05-18 .

2. Record dry weight of sample = ___. 3 34T g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/22Th spike to the PFA vessel.
232/228Th spike # 5% Reference Date __| ' 1T l 4%
Reference Activityvliz\i?ﬂjj_ pCi/g Spikewt. __. 2481 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
fE e+
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to

fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:

Resin: BIO-RAD Anion Excﬂm’nge Resin AG 1-X8 100-200 mesh chloride form.
(Lot # cd3p )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) OM HC1 -->Th

- =
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe 7~ s =

Separation Date ttj:‘ﬂlgl}fﬂ Jas

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO, el e

Elute 4-5 column vols 9M HCI -->Th e ~

NANAN

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness _
Pick up in about 2 ml conc HNO, I
Dilute with about 2 ml DI water to approx 8M HNO, <
Load onto column in 8M HNO, i
Wash 2 vols (8-10 ml) 8M HNO; --> Fe ey
Elute 4-5 vols 0.IM HCI --> U d




Source Preparation:

Thorium - OH- precipitation onto filter

L

® N

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 830%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C). :

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date___! l ]LIC\(

Uranium - F- precipitation onto filter

1.

2.

o

® N

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

-
U Counting Date ,I |ZIG )
= ‘



1 \)\.O*>

nEx>
’MCB # 1 ACQ 91-12-95 AT 02:39:29 RT : 50005.5 LT : 50000.0

No detector description was entered
NOPI-423 U 1/13/95

ROI # 13-1 RANGE : 11 = 392.99keV to 157 = 426.73keV
AREA : Gross = 5654 Net = 5268 +/- 120
CENTROID : 115.84 = 417.22keV
SHAPE : Fwhm = 8.70keV Fwtm = 17.63keV
ID : SB-125 at 427.89keV
Corrected Rate = @.105 +/- 0.00

ROI # 13-2 RANGE : 235 = 444.75keV to 398 = 482.41keV
AREA : Gross = §£252 Net = 5891 +/- 124
CENTROID : 362.06 = 474.11keV
SHAPE : Fwhm = 9.31keV Fwtm = 19.61keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.118 +/- 0.00

ROI # 13-3 RANGE : 487 = 502.98keV to 634 = 536.94keV
AREA : Gross = 6402 Net = 6199 +/- 105
CENTROID : 597.37 = 528.48keV

' SHAPE : Fwhm = 10.14keV Fwtm = 20.25keV

ID : No close library match



N
1;511\.Cx*

pe
. MCB # 1 ACQ 91-12-95 AT 02:39:29 RT : 70550.9 LT : 70544.0

No detector description was entered
NOPI-423 Th 1/13/95

ROI # 14-1 RANGE 11 = 391.78keV to 68 = 404.90keV
AREA : Gross = 306 Net = 1990 +/- 35
CENTROID : 49.11 = 400.55keV
SHAPE : Fwhm = Q.33keV Fwtm = 4.80keV
ID : No close library match

ROTI # 14-2 RANGE : 162 = 426.53keV to 362 = 472.57keV
AREA : Gross = 11090 Net = 10890 +/- 132

CENTROID : 332.91 = 465.88keV
SHAPE : Fwhm = 10@.38keV Fwtm = 19,.53keV

ID : SB-125 at 463.38keV

Corrected Rate = @.154 +/- 0.00
ROI # 14-3 RANGE : 540 = 513.54keV to 681 = 546 .00keV
AREA : Gross = 5218 Net = 5105 +/~- 88
CENTROID : 656.07 = 540.26keV
‘ SHAPE : Fwhm = 5.53keV Fwtm = 17.87keV

ID : No close library match

ROI # 14-4 RANGE : 702 = 550.83keV to 820 = 577.99keV
AREA : Gross = 768 Net = 649 +/- 54
CENTROID : 765.57 = 565.47keV
SHAPE : Fwhm = 5.55keV Fwtm = 10.97keV

ID : No close library match



U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPT-Y2LS

Date I'IB!ﬁ Cy

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ 091 8

2. Record dry weight of sample = .20 T g andplace in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
22pBTh spike # __ 25 B Reference Date __{ I 1 'ﬂ %
2,2
Reference Activity‘b_LQ_:LE_L pCi/g Spikewt. __ . 2973 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
Hc ) 1.0
e .S
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange H‘oy centn'fugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate m ~3 ml conc HC1. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # LY3 A )
Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)
Load sample in 9M HCI and allow to drain e
Wash 3 volumes (~35 ml) 9M HC1 --> Th e _/ =
Elute 4 volumes (~50 ml) 0.IM HCI --> U and Fe v o

Separation Date M ?}0/ 6 <

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCl -->Th

- = _—

AR

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Evaoprate U fraction to near dryness =
Pick up in about 2 ml conc HNO, 1
Dilute with about 2 ml DI water to approx 8M HNO, yd
Load onto column in 8M HNO, yd
Wash 2 vols (8-10 ml) 8M HNO; --> Fe e
Elute 4-5 vols 0.1IM HCI --> U el




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2,

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a2 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date \l |L|‘|5/

Uranium - F- precipitation onto filter

1.

2.

L A S

hed

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides. ‘

Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date__ ) ! \1/! a 5




‘MCB#l

ROI # 15-1

ROI # 15-2

ROI # 15-3

ppies W

ACQ 01-12-95 AT 02:39:29 RT : 50005.5 LT : 50000.0
No detector description was entered
NOPI-425 U 1/13/95

RANGE : 27 = 396.82keV to 154 = 425.96keV
AREA : Gross = 5675 Net = 5674 +/- 75
CENTROID : 119.89 = 418.14keV

SHAPE : Fwhm = 8.12keV Fwtm = 15.06keV

ID : SB-125 at 427.89keV

Corrected Rate = 0.113 +/- 0.00

RANGE : 273 = 453.27keV to 401 = 482.64keV
AREA : Gross = 6334 Net = 6269 +/- 87
CENTROID : 370.80 = 475.71keV

SHAPE : Fwhm = 8.72keV Fwtm = 15.26keV

ID : SB-125 at 463.38keV

Corrected Rate = 9.125 +/- .00

RANGE : 497 = 6504.67keV to 639 = §537.26keV
AREA : Gross = 8736 Net = 8664 +/- 102
CENTROID : 607.04 = 529,93keV

SHAPE : Fwhm = 9.16keV Fwtm = 15.73keV

ID : No close library match



NP €zS Th o

‘ MCB # 1 ACQ ©1-12-95 AT 02:39:29 RT : 70601.5 LT : 7@594.7
No detector description was entered
NOPI~-425 Th 1/13/95
ROI # 1l6-1 RANGE : 14 = 391.54keV to 67 = 403.64keV
AREA : Gross = 157 Net = 66 +/- 28

CENTROID : 53.89 = 400.65keV
SHAPE : Fwhm = @.29keV Futm = 5.09keV

ID : No close library match

ROI # 16-2 RANGE : 193 = 432.41keV to 372 = 473.29keV
AREA : Gross = 7737 Net = 7736 +/- 88
CENTROID : 340.08 = 466.00keV
SHAPE : Fwhm = 8.80keV Fwtm = 19.68keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.110 +/- 0.00

ROI # 16-3 RANGE : 6532 = 509.83keV to 692 = 546.36keV
AREA : Gross = 4527 Net = 4446 +/- 81

CENTROID : 664.9@0 = 540.17keV
] SHAPE : Fwhm = 5.63keV Fwtm = 18.13keV

: No close library match

ROI # 16-4 RANGE : 721 = ©552,98keV to 811 = §573,54keV
AREA : Gross = 619 Net = 529 +/- 42
CENTROID : 769.52 = 564.06keV
SHAPE : Fwhm = 1.88keV Fwtm = 11.98keV

ID : No close library match



,i

U/Th Digestion (Nopal rock samples)
Sample L.D.# _ NOPI- 42

Date __1halas

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ ©65-%t .

2 Record dry weight of sample = __- S122% g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 222U/2%Th spike to the PFA vessel.
B2ypBThspike # __25C Reference Date __t ' e l‘l >
1«""4 P
Reference Activity _zv4-38 pCi/g Spikewt.__.999> ¢
3. Add reagents to vessel and record volumes: Reageng Volux;r;e (ml)
rn
R 3
Hwo 3 \
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchang%Resin AG 1-X8 100-200 mesh chloride form.
Lot#__ X BGz A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain _-/ d
Wash 3 volumes (~35 ml) 9M HCl --> Th e / _
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe _ i _ .

Separation Date Y3 (99

***Note: May work on U and Th fractions simultaneously from this point on.

Thorivm Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols $M
HNO3,)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCIl -->Th

o

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO;

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

L.

Eadi

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

L.~
Th Counting Dnte_\\?_b“l_S

Uranium - F~ precipitation onto filter

1.

2,

N

bt

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date__\ \;),4 \\‘i 5/



U/Th Digestion (Nopal rock samples)
Sample L. D. # NoPI -z04

Date 114149

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials inciuding rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ 054

2. Record dry weight of sample = ___, 4422 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
B2LBTh spike # __ 258 Reference Date _\ ] zvg a3
z0M4.22
Reference Activity __*¥*w ____ pCi/g Spikewt. __[. 6028 ¢
3. Add reagents to vessel and record volumes: Reage;us Volume (ml)
72
Cl 2>
¥ND - 1
v/
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not compietely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOj4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




‘

Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __Yalw3A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)
Load sample in 9M HCI and allow to drain -
Wash 3 volumes (~35 ml) 9M HCl --> Th _ . -

Elute 4 volumes (~50 ml) 0.1IM HC1 --> U and Fe
Separation Date __| ‘ 2.3 ‘55

=#sNote: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCI -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO;

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto fiiter

1.

®° N

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

- 7
Th Counting Date §\1>|‘\>

Uranium - F- precipitation onto filter

1.

2

®»N o @

bt

To the solution containing U, add | ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mti portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

Ve
S

U Counting Date [!1 5 llcl



U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPTL-N3

Date 1 ]z0)a%

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ p5-4 .

2. Record dry weight of sample = __, 44 gz g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 222U/22%Th spike to the PFA vessel.
B2RBTh spike # __ 25 Reference Date _! l z2 l a3
ARV
Reference Activity _20\.38  pCi/g Spike wt. _ ¥ 7/ g
3. Add reagents to vessel and record volumes: ReagentsF Volume (ml)
P |
HCel 3
'IJ 0 2 l
J
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a S0 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HC1. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchevgle Resin Ag 1-X8 100-200 mesh chloride form.
7150 )

(Lot #

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 ml) 9M HC] --> Th — / .
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe _ _ _ —

”~

Separation Date __ 1] 3014 >

*ssNote: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column volis 8M
HNO;)

Heat Th fraction to evaporate HC1 _
Add ~5 ml conc HNO, to dissolve residue -
. Add equal vol (~5 mi) DI water so soln 8M HNO; _
Load onto column in 8M HNO, _
Wash 3-4 column vois 8M HNO, S
Elute 4-5 column vols 9M HC1 --> Th .

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO>)
Evaoprate U fraction to near dryness
Pick up in about 2 ml conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCl --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sampie is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck fiiter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

_
Th Counting Date_1| > | >

Uranium - F- precipitation onto filter

1.
2.

N 0 W

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mli portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane fiiter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

”~
431>
U Counting Date 2115




U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPT-1d

Date 1IIM l)fty/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___05-4

2. Record dry weight of sample = __- 5033 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
B2YABTh spike# __ 2 513 Reference Date 22{a3
23w
Reference Activity _ 201.33 pCi/g Spikewt. __(.OOHLl ¢
3. Add reagents to vessel and record volumes: Reag;nts Volume (ml)
E 3
el 3
HNO o !
~J
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
s. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
uitrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO,) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCI. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# _ &AL )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HC] -->Th
Elute 4 volumes (~50 ml) 0.1M HCl --> U and Fe

*#*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HC]

Add ~5 mi conc HNO; to dissolve residue

Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-S column vols 9M HCl1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO>) '

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

e

10.

1l

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

-~ -
Th Counting Date \11) 45

Uranium - F- precipitation onto filter

1.

2.

®N

b

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

i -\
U Counting Date g\‘@j \la 5




U/Th Digestion (Nopal rock sampies)

Sample LD.# ___NOPT 115

Date

\I‘l/o)‘w/
b

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ____ 05°4

2. Record dry weight of sample = __.498Z g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/225Th spike to the PFA vessel.
2B spike # __ 25 B Reference Date __{ l 22/a3
P! ey
Reference Activity ___29.33 pCi/g Spikewt. __- 91700 ¢
3. Add reagents to vessel and record volumes: Reageﬁt's: Volun71e (mi)
(] 3
HNO, L
7
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLOy) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __449 150 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HC)

Load sample in 9M HC] and allow to drain

Wash 3 volumes (~35 ml) 9M HCI --> Th _ / .
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe _

=28Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M

HNO,)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vols 9M HCl --> Th

Urapium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HCI --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.

11,

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about S mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Dm_z.p_ti

Uranium - F~ precipitation onto filter

1.
2.

N N

v

.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date L(« (ﬁs/




U/Th Digestion (Nopal rock samples)

Sample . D.# _ NOPL Il

Date

)I]Zoll‘lf

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 054

2. Record dry weight of sample = ___- S©5 | g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/225Th spike to the PFA vessel.
2BYABTh spike # __ 2.5 B Reference Date :‘Z?flq >
p vy
Reference Activity __ 29493 pCi/g Spikewt. . 1376 ¢
3. Add reagents to vessel and record volumes: Reage'r’t; Volume (ml)
i
HCA 3
HNO, 1
J
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
ssNote: if sample aiready contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml uitrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# _q4a ] S0 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)
Load sample in 9M HCI and allow to drain

Wash 3 volumes (~35 mi) 9M HC1 -->Th
Elute 4 volumes (~50 ml) 0.1M HC! --> U and Fe

-~
Separation Date 1\30 Zs>

*esNote: May work on U and Th fractions simultaneously from this point on.

Therium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO,)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO; to dissolve residue
‘ Add equal vol (~5 mi) DI water so soin 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vois 8M HNO,
Elute 4-5 column vols 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, —> Fe

Elute 4-5 vols 0.1IM HCl --> U




Source Preparation:

Thorjum - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about S mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date _k(i["_;

Uranium - F~ precipitation onto filter

N >

v

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mli portions of 1M
HClL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, irom is
probably present and a few more drops of titanium trichloride must be added to produce a
t violet color or reduction and precipitation of U wiil be incompiete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete

ipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mli portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

~
U Counting Date Z{((Gb



U/Th Digestion (Nopal rock samples)

Sample LD.# __ Vo PT-)17

Date

1o a5
l L

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sampie (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ____ 05-4

2. Record dry weight of sample = _, 5271 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/22Th spike to the PFA vessel.
BYLBTh spike # _ 25 B Reference Date __| ‘ ze éﬁ 3
23w
Reference Activity _zo%.33  pCi/g spikewt. 1128 4
3. Add reagents to vessel and record volumes: Reageﬁts’ Volume (ml)
r 7
#cl 3
__.H.Ma_ —_—)
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sampie into two parts: half is saved in a PP bottle for later processing if necessary and the
other haif is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HC] and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchangs Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __ 415D fr )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCIl and allow to drain _
Wash 3 volumes (~35 m) 9M HCl > Th _/_
Elute 4 volumes (~50 mi) 0.1IM HC! --> U and Fe

*#sNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Heat Th fraction to evaporate HC] —
Add ~5 ml conc HNO; to dissolve residue -

Add equal vol (~5 mi) DI water so soln 8M HNO, -

Load onto column in 8M HNO; _,/
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCI -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO, --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the fiiter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

P
Th Counting Date_2.] 3 /7>

Uranium - F- precipitation onto filter

1.
2

N

v

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date L! 1197




U/Th Digestion (Nopal rock samples)
Sample 1. D. # NoPI-{12

Date 1) zo %5
} !

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ____ 054

2. Record dry weight of sample = __.502 7 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/2%Th spike to the PFA vessel.
DA spike # _ 22 O Reference Date \‘L?—é‘\S
P 32
Reference Activity _204.33  pCig spikewt. 3774 4
3. Add reagents to vessel and record volumes: ReageﬁtsF Volume (ml)
1
ML 3
__H.N.dﬁ_ U
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chiloride form.
(Lot#_49750DA )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCl and allow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th

Elute 4 volumes (~50 mi) 0.IM HCI —> U and Fe _ f _

Separation Date __| !30,['3)/

»ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HCl
) Add ~5 mi conc HNO, to dissolve residue
. Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HC1 -->Th

o

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HC] --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

Lad

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the samplie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_ 23 |55~

Urapium - F~ precipitation onto filter

1.
2

To the solution containing U, add 1 mil of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

UCountingDate 2. /)[4 >



U/Th Digestion (Nopal rock samples)

Sample L. D. # No Py -1la

Date

1111145

l A

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___0~'>_’_4_

2. Record dry weight of sample = __. S0&© g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/28Th spike to the PFA vessel.
22UABTh spike # _ 25 & Reference Date __ l"—’f l‘\ 3
P 23T
Reference Activity _204.88 pCi/g Spikewt. __|: 00292 o
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
4 |
Ht) 3
Hy 0, 1
J
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH40H to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot# _ _MALY™ & )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)

Load sample in 9M HCI and allow to drain .
Wash 3 volumes (~35 ml) 9M HCl --> Th . _
Elute 4 volumes (~50 mi) 0.1M HCI1 --> U and Fe .

_
Separation Date AATL;_{\_»

**#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCl
Add ~5 ml conc HNO, to dissolve residue
. Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO;
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCl --> Th

I
ERN

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC] --> U

IIIII\I\




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2

Ladba

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date Il'l)'l‘\‘;

Uranium - F~ precipitation onto filter

1.

2

Lol I

b

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dlssolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a S0 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCI.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mli portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

~| -
U Counting Date \\\_L“o l&b

l



U/Th Digestion (Nopal rock samples)
Sample LD.# _ _MNoPT-120

Date \}Ml‘lg

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ 044
2. Record dry weight of sample = 57'—‘(' g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
22U/228Th spike # _2 5 B Reference Date __! Z tz z" 3
T\
Reference Activity _ 2 0 \- 83 pCi/g Spikewt. _1. 06061 ¢
3. Add reagents to vessel and record volumes: Reageuté Volume (ml)
B
HLL 3
HNOa \
J
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCL.O4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (totat ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9, Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot#_N\QL4¥dK )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain -
Wash 3 volumes (~35 ml) 9M HCl --> Th — 7/ .

Elute 4 volumes (~50 mi) 0.IM HCI --> U and Fe
-
Separation Date _\ . L3 \ a5

**#*Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO,)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;,
Load onto column in 8M HNO,;

Wash 3-4 column vols 8M HNO;

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in M HNO;

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

I.

2.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date ||u.“\§

Uranium - F~ precipitation onto filter

1.
2,

PN

0

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml poiycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

P
U Counting Date J\"),g !‘\ S



U/Th Digestion (Nopal rock samples)
Sample L. D. # NoPI-121

Date \\lm\ftb’

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = 09~ .
2. Record dry weight of sample = __. 5030 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
B2yPBTh spike # _2 S B Reference Date __ 1 |2 > !4 3
23 2%
Reference Activity __204.3 8 pCi/g Spikewt. __ /. 69/ 2~ ¢
3. Add reagents to vessel and record volumes: Reagel-tit’sf Volume (ml)
qA 3
HNY, 1
J
4. Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOj4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 m! ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot#__MASONXK )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 ml) 9M HC1 --> Th _ / .
Elute 4 volumes (~50 mi) 0.1IM HCI --> U and Fe g

Separation Date ‘l/_LO{_L(

*2#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI
Add ~5 ml conc HNO, to dissolve residue
. Add equal vol (~5 ml) DI water so soln 8M HNO;
Load onto column in 8M HNO;
Wash 3-4 column vols 8M HNO;
Elute 4-5 column vols 9M HCl --> Th

—

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;

Dilute with about 2 ml DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U

III\III




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.
1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mil
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefuily without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

—
Th Counting Date L": lq >

Uranium - F~ precipitation onto filter

1.
2

®N

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

rd
U Counting Date z!\ lﬁ >




U/Th Digestion (Nopal rock samples)
Sample I D. # NOPT -122
Date ___1)19)45

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ D54 .
2. Record dry weight of sample = __ 3! [0 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/228Th spike to the PFA vessel.
WP BThspike # _ TS H Reference Date _422[13
20 130
Reference Activity _**"w_____ pCi/g Spikewt. /6218 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
HF 1
[\2a] 3
HNOa \
-
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ulrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOjy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mli).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # YqSh Kk )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HCI --> Th _ 7/ _

Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe
7~
Separation Date __| ! 3()! a>

***Note: May work on U and Th fractions simultaneousiy from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO3)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-135 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Ve
Th Counting Date _&ll[ju_

Uranium - F- precipitation onto filter

1.

2

N o

bl

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of |IM
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

UCountingDate 2]y |45




U/Th Digestion (Nopal rock samples)

Sample L. D. # poPE-12 3

Date

111a )95
.,‘ L

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ 05-4
Record dry weight of sample = __. 2130 ¢ and place in a teflon PFA vessel.

2.
3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
B2Y/BTh spike # __ 25 > Reference Date __! l 22 l‘i 3
37,
Reference Activity _204-33 pCi/g Spikewt. __/.004S g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
1
¢! 3
HAQ, \
-~
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
uitrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 ml conc HCI. Add 1 ml uitrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Bxchan#e Resin %G 1-X8 100-200 mesh chloride form.
(Lot#__ Q15D )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 ml) 9M HC1 --> Th . —
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

Ve
Separation Date _|{ !30!‘55

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCl
Add ~5 ml conc HNO; to dissolve residue
' Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO;
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCI --> Th

\

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M

HNO»)
Evaoprate U fraction to near dryness
Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,

Load onto column in 8M HNO;
Wash 2 vols (8-10 ml) 8M HNO, --> Fe
Elute 4-5 vols 0.IM HC1 -->




Source Preparation:

Thorium - OH" precipitation onto filter

1.

® N

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date _Q_li&

Uranium - F- precipitation onto filter

o

® N

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulifate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of IM HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date L(! (45’




U/Th Digestion (Nopal rock samples)

Sampie L D. # NOoPL-307

Date

1 740!“{

N

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 054

2. Record dry weight of sample = _.503z2 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/28Th spike to the PFA vessel.
BYRBTh spike # __ LS B Reference Date __{ t'Z 2{a3
2% 1A
Reference Activity __z04-32 _pCi/g Spikewt. _.997% ¢
3. Add reagents to vessel and record volumes: Reagents 3 Volu?e (ml)
BCI 3
N~ 1
~
4, Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOg4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 m! PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9, Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange %sin AG 1-X8 100-200 mesh chioride form.
(Lot#_ 41950 A

Main Columg (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

»ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HC]
Add ~5 mil conc HNO; to dissoive residue
. Add equal vol (~5 ml) DI water so soln 8M HNO,
. Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.IM HC1 --> U




Source Preparation:

Therium - OH- precipitation onto filter

L.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tbe in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mli polysuifone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the fiiter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date Zlﬁ "! S

Uranium - F~ precipitation onto filter

1.
2,

PN @

0

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 ml of 1M HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

-
U Counting Date z.llz‘/ia




U/Th Digestion (Nopal rock samples)
Sample L D. # NoPL-3977

Date I!Zt)!ﬁ;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation noke for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 05~

2. Record dry weight of sample = _&L__ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 2U/2%Th spike to the PFA vessel.
82y BTh spike # __ 2> B Ref Date _1fz2[4>
spike O eference Da _1_/__(_
Reference Activity _294.33 pCi/g Spike wt. __- 995 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
F 1
{ 3
__ltnin.s__ —
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
s. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLOjy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCl and dilute to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
' Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __49150# )

Main Colump (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCT)

Load sample in 9M HCI and allow to drain —
Wash 3 volumes (~35 mi) 9M HCl --> Th _ _ _
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe .

/
Separation Date _1#‘&

*ssNote: May work on U and Th fractions simulitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO, to dissolve residue
‘ Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCI -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HC1 --> U




Source Preparation:

Thorjum - OH" precipitation onto filter

1.

2.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soln to a S0 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the samplie into the filter chimney and allow to suck dry.
While the sample is stil filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Dm_LLiJ"_(

Uranium - F~ precipitation onto filter

1.
2

Lol B S

R

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a S0 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

t violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mli (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.
Afier sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date L‘(‘J!‘rs/




U/Th Digestion (Nopal rock sampies)
Sample I. D. # NOPI-341%

Date |\‘7,D||‘|;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ____ 00~

2. Record dry weight of sample = _LDSIL g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of *2U/228Th spike to the PFA vessel.
BYABThspike # _ 25T Reference Date __| l Z—?-g a3
P [ 3 X2V N _
Reference Activity 29183 pcirg Spkewt. _ -9959 ¢
3. Add reagents to vessel and record volumes: Reageﬁ’t.s: Volume (ml)
1
1] 3
HNp, 1
J
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add | mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HCl and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, thea Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __ 4A150H )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCl)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date 1|95

»ssNote: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HC1 -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

Kl

10.
1.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 0% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pug Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date Z‘ﬁ ‘Gs/

Uranium - F~ precipitation onto filter

1.
2.

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight wrbidity shouid
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date 45{"”/



U/Th Digestion (Nopal rock samples)

Sample LD.# _ poPT-3494

Date

1\‘7,0\"15

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 05-4

2. Record dry weight of sample = __- S0 59 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 222U/228Th spike to the PFA vessel.
BYABThspike # __25 B Reference Date _1| 22 “l )
[A 14V
Reference Activity __z oY(- 33 _pCi/g Spike wt. __- 9976 g
3. Add reagents to vessel and record volumes: Reage:'t?: Volume (ml)
1
4] 2
B V0o |
w4
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
ssNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin ﬁVG 1-X8 100-200 mesh chloride form.
(Lot # yq977s50 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HC1)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HCI --> Th
Elute 4 volumes (~50 mi) 0.1M HC] --> U and Fe

Sepmaonnm_kll_’_ﬁ_g

»=¢Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Heat Th fraction to evaporate HC]

Add ~5 mil conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vois 9M HCl -->Th

Urapium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO;

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vols 0.1M HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazme dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about S ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date &gﬁ # ‘m/

Uranium - F~ precipitation onto filter

1.
2,

PN 0

e

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of IM HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompiete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date z(al‘tv/



U/Th Digestion (Nopal rock samples)
Sample I. D. # NOPLI-Yo0

Date \\Izo!‘l‘;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, wiff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 05-4 |

2. Record dry weight of sample =__-4 437 5 and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of Z2U/28Th spike to the PFA vessel.
DYABTh spike # _25 & Reference Date _| P 2 l a3
R
Reference Activity __z0-833  pCi/g Spike wt. __- 2 969 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
Ur i
ed 4] 2
HNO, !
7
4, Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution t0 a 50 ml PP centrifuge ube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.

9, Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __49 150Kk )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 mi) 9M HC] --> Th - - _—
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe _ . . o

Separation Date &,7/[% S

ss*Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with. 10 cm resin; prewash with 4-5 column vois 3M
HNO»)

Heat Th fraction to evaporate HC1

Add ~5 mi conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vols 0.IM HCl --> |




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2

adha

10.

1.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in coid water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sampile is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_2 | [4 >

Uranium - F~ precipitation onto filter

1.
2.

N W

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mil of IM HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompiete.
Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date zll?,lea/
1



U/Th Digestion (Nopal rock samples)

Sample L. D. # poPI-40\

Date

l\zol‘i';
{ !

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
1o be entered for the microwave digestion.

ApplicationNote = ___ 05-Y4 .

2. Record dry weight of sample = __. 503> g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/28Th spike to the PFA vessel.
BYABThspike # __2> Reference Date _\ |22 & |
et 256 ezaz
Reference Activity __ zo4.23 pCi/g Spikewt. _- 1158 g
3. Add reagents to vessel and record volumes: Reagent?: Volume (ml)
1
hel 3
NO-, |
J
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCL.O4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH topH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#___ Y9150 A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

»s*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load oato column in 8M HNO,

Wash 2 vois (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCI1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

L.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA solin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a S0 mi polysulfone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sampie is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive S mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

~
Th Counting Date z(‘l' q5

Uranium - F~ precipitation onto filter

1.
2

N

v

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pug of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 ml of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
Clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date z!z !ﬁv/



U/Th Digestion (Nopal rock sampies)

Sample L. D. # NOPI-YV2

Date

1]'7,\,\!‘1;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

I.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __© >~

2, Record dry weight of sample = S0t g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/2*Th spike to the PFA vessel.
BYPBThspike # 258 Reference Date __\ l 2 ‘ 43
23T
Reference Activity _zeo4.83  pCi/g Spikewt. __[.001Y g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
= 7
| 2>
He oo \
Pd
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sampie into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
ssNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




’ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __ 49150 " )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 ml) 9M HC1 --> Th __ — _
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe .

v
Separation Date kl‘l/lj >

*s#Note: May work on U and Th fractions simuitaneously from this point on.

Therium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HC]
Add ~5 mi conc HNO, to dissolve residue
' Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vois 8M HNO,
Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO, --> Fe

Elute 4-5 vols 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mli) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 30%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainiess steel planchet and count.

—
D

Th Counting Date 2!5 lﬁ

Uranium - F- precipitation onto filter

1.

2

®N o W

o

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up. ‘
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

-
U Counting Date }13!6 >



U/Th Digestion (Nopal rock samples)

Sample L. D. # MopL-4o03

Date

lzelas
[ \

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ 05~ .

2. Record dry weight of sample = _M__ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/28Th spike to the PFA vessel.
BYABThspike # _221> Reference Date gllllﬂ}
? LR XSV —
Reference Activity _zo-33 pCilg Spikewt. _ . 1935
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
H= 1
He 2
Ho 04 :
J
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
s. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge mbe. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml uitrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Res’%AG 1-X8 100-200 mesh chloride form.
(Lot# 494150 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain _
Wash 3 volumes (~35 mi) 9M HCl --> Th . S _
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe — _ _ _

Separation Date_ 2|1 ] &S

#ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO, to dissolve residue
. Add equal vol (~5 mi) DI water so soin 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCl1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Ehute 4-5 vols 0.1M HC! --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10OM NaOH.

Place wbe in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash wbe. filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainiess steel planchet and count.

e
Th Counting Date leﬁ g%

Uranium - F~ precipitation onto filter

1.
2.

Lol B A ¢

bl

To the solution containing U, add 1 mi of 10% sodium hydrogen sulifate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompliete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5§ ml of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

e
U Counting Date élzi‘*b



U/Th Digestion (Nopal rock samples)

Sample.D.# __ poPT-4ox

Date

I!z(_g )‘!;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___b5-t
2. Record dry weight of sample = __. S0LB g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/28Th spike to the PFA vessel.
BWYRBTh spike # __ ¢SS Reference Date __{ l 7/‘/[ “3
'L‘L\A
Reference Activity _204-33 pCi/g . Spikewt. _J[.000l g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
£ 7
HC | 3
Hoo. \
]
4. Seal vessel, piace on tumntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLOy) to the samplie solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 mi) of conc. HC1 and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mli ultrapure water to dilute to ~9M.




' Column Separation:
Resin: BIO-RAD Anion Exchange Resi%G 1-X8 100-200 mesh chioride form.
(Lot# 447250 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain .
Wash 3 volumes (~35 mi) 9M HCl --> Th - —_
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe _ 7/_‘/ .

Separation Date _¢[2/5%

*s2Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Heat Th fraction to evaporate HC1
Add ~5 ml conc HNO, to dissolve residue
. Add equal vol (~5 ml) DI water so soin 8M HNO,
g ' Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HC1 --> Th

o

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vois 0.IM HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

® N

10.

11

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mil 0.05 M EDTA soin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 ul purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_2]\> |4 ¢

Uranium - F~ precipitation onto filter

1.

2.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mil of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 m! portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mixtho:wghlyandallowsoluuontomndformmmmacold water bath to obtain complete

of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

-
U Counting Date éllj l‘?)



U/Th Digestion (Nopal rock samples)

Sample LD.# __ NOPT-405

Date

alzbl‘r»

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 05-4 .

2. Record dry weight of sample = __. SO 20 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
B2y BThspike# 25 > Reference Date __| [ 22/93
P 3y
Reference Activity _ 2o .32 pCig Spikewt. __[. 0212 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
M 7
Hcl 3
He O |
”
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOyg) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9, Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot # "l? 150 7C )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) SOM HC1 -->Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Ve
Separation Date ng Zﬁ >

*ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO; to dissoive residue
‘ Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vois 8M HNO,
Elute 4-5 column vols 9M HC1 -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO, --> Fe

Elute 4-5 vols 0.1IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

-
Th Counting Dm_ll_lz[&

Uranium - F~ precipitation onto filter

1.
2.

Lol BN S

©

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HC1 to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a SO mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HClL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompiete.
Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with § mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date L;r& \‘c. 35



U/Th Digestion (Nopal rock samples)

Sample L.D.# ___ w0 PT-10bL

Date

)z )as
T t

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = __ o>~ .
2. Record dry weight of sample = _"fm__ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z32U/28Th spike to the PFA vessel.
L2YLBTh spike # __Z'_gl Reference Date __| {?/L ’ a>
230
Reference Activity __Zo\-33 pCi/g Spikewt. __[.002(c ¢
3. Add reagents to vessel and record volumes: ReagenLt_s_ Volume (ml)
= 7
| 3
Hyo }
3—
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not compietely dissolved repeat step 4 .
5. Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mli of perchloric acid (HCLO4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
ssNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot# __UAaA1 56X )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain _—
Wash 3 volumes (~35 ml) 9M HCI --> Th _ __ .
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe _

Separation Date ;gag‘r;

*ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column volis 8M
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO, to dissolve residue -
. Add equal vol (~5 mi) DI water so soln 8M HNO,

Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottie of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainiess steel planchet and count.

Th Counting Date_ | 13[5 5

Uranium - F~ precipitation onto filter

1.
2

PN >

o

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 ug of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 mil of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
Add 2 drops of 20% titanium trichloride which shouild produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

t violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

e
U CountingDate 2 |1} 4.5
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U/Th Digestion (Nopal rock samples)
Sample .D.# ___NOPI-407

Date )’Iu,,qu

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ve- %

2. Record dry weight of sample = __. Y3 3 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/28Th spike to the PFA vessel.
132(J228Th spike # _ 25B Reference Date _lllk_lﬁ
9w
Reference Activity __to4.43 _ pCi/g Spikewt. __ /- 2207 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
HE 2
Hc 3
He O \
4, Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
ssNote: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 mil conc HCI. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # Y91 SOA )

Main Columnp (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sampie in 9M HC! and allow to drain -
Wash 3 volumes (~35 ml) 9M HC1 --> Th . . _
Elute 4 volumes (~50 ml) 0.1M HCl1 --> U and Fe _ _ - _

Separation Date _ 2 |3 (53’

*ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HC]

Add ~5 mi conc HNO; to dissoive residue

Add equal vol (~5 ml) DI water so soln 83M HNO;
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HCl --> Th

Urapium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

L.

2.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mli portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive S mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_2. % |55~

Uranium - F- precipitation onto filter

1.
2.

L I A

R

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 ml of 1M HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of |M
HCIL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompiete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then

with 80% ethanol.
v
U Counting Date é')';t l“ >

Dry and analyze as described above.



U/Th Digestion (Nopal rock samples)
Sample L.D.# _ A @PI-4023
Date 1|20 !‘n/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = __65-+
5007
2. Record dry weight of sample = ___-5-6-0€¢~ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/2*Th spike to the PFA vessel.
B2YLBTh spike # _ 25 & Reference Date Il;?— "? 3
;,'57-\&
Reference Activity _204.83 _pCi/g Spikewt.__ -G998 7 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
e i
Hc 3
Hr o) O,_ !
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCl and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution (0 a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
ssNote: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
. Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# _a91Sb A )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HC1 -->Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

Separation Date 7«!3 (ﬁ;

*ssNote: May work on U and Th fractions simultaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HC1

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mil) DI water so soin 8M HNO,
' Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HC! --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 ul purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the samplie into the filter chimney and allow to suck dry.
While the sampile is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mli portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainiess steel planchet and count.

Th Counting Date_2:| 1> )< <"

Uranium - F~ precipitation onto filter

1.
2.

Lol B A S

o

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of |M
HClL.
Add 2 drops of 20% titanium trichloride which shouild produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

/
U Counting Date__ 2| \‘\"q>
T




U/Th Digestion (Nopal rock sampies)

Sample L. D. # NOPY-404

Date

\\‘u\lb’

Acid Digestion byT\ficmwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote=___ 05~

2. Record dry weight of sample = __.5018 g and piace in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 2*2U/2*Th spike to the PFA vessel.
DB spike # _ L5 B Reference Date __| l L"‘/‘ a3
ATV E
Reference Activity __294-33  pCi/g Spikewt. __J.00lb g
3. Add reagents to vessel and record volumes: Reageits Volume (ml)
L d 2
_fi.g_ N R
(1% !
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissoived repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
uitrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HCl and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure wates,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
‘ Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# __ 48150/ )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain -
Wash 3 volumes (~35 mi) 9M HCl --> Th — _ _
Elute 4 volumes (~50 mi) 0.1IM HCI --> U and Fe _

Separation Date legfl;

*s#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI
Add ~5 ml conc HNO; to dissolve residue
. Add equal vol (~5 mi) DI water so soln 8M HNO;,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Evaoprate U fraction to near dryness
Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, > Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

2.

Ladh

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about S mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date gl l’;“\ <

Uranium - F~ precipitation onto filter

1.
2

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until complietely dry and no more fumes are given off.

Add 2 ml of 1M HC) to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichioride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should

' clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for ! min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mli portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

7
UConndngDate_él_ﬁ_(iD_



U/Th Digestion (Nopal rock sampies)

Sample.D.# ___WNofPT-4\0

Date

ﬂzu!ﬁ;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sampie (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ 25~

2 Record dry weight of sample =__. 5067 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/225Th spike to the PFA vessel.
MYABThspike # __ 25 B Reference Date __{ ' 2z |‘n 2
P A IIVE
Reference Activity __204.83 _pCi/g Spikewt. _ /. 2020 ¢
3. Add reagents to vessel and record volumes: ReagenLt{sf Volume (ml)
1
(4 b
HwvOo 5 \
J
4, Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the samplie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HC! and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
‘ Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#__29130 A )

Main Columa (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC! --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date Lﬂ Z§>/

s*sNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 mi conc HNO, 1o dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
‘ Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness
Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vois (8-10 ml) 8M HNO; —-> Fe

Elute 4-5 vois 0.IM HC1 --> U




Source Preparation:
' Thorium - OH- precipitation onto filter

I,

2.

® N

10.

11.

1.
2

¢

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ng Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive S mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_2-/ (3 a5

Uranium - F- precipitation onto filter

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of |M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mil (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
cClear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

Ve
U Counting Date z(\"(\f\:



U/Th Digestion (Nopal rock sampies)

Sample LD.# __ NofT- 4|

Date

;lw[‘w/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ 05"

2. Record dry weight of sample = _-_‘5ﬂ_ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/28Th spike to the PFA vessel.
22yLTh spike # _ LS V> Reference Date _} Iza l‘\ >
R X2V
Reference Activity __2o4.38 pCi/g Spike wt. __- 77 7 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
4E 1
HCS 3
F O {
>
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
s. Quantitatively transfer sample to a ciean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNote: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
. Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#__d4al%o/ )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9OM HCl -->Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

/
Separation Date L?Z Zﬁb

*ssNote: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO;)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
. Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO;

Elute 4-5 column vols 9M HCl1 --> Th

Uranium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO;

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vols 0.1M HCl --> U




,l\

Source Preparation:

Thorium - OH- precipitation onto filter

1.

2.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date Lngﬁ;

Uranium - F~ precipitation onto filter

1.
2,

]

©  ®N

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 ml of IM HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a S0 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mli (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
Mix thoroughiy and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a2 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5§ mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date LI\\J(\_q{




U/Th Digestion (Nopal rock sampies)

Sample .D.# _ NoPTI-212

Date

z,h \‘ﬁ;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of sampie (e.g., Fe-oxides, tuff, etc...) to be dissoived. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = __ O 9 - |
Record dry weight of sample = __Qﬂ_g and place in a teflon PFA vessel.
Using a weighing boat, quantitatively add a known amount of Z2U/2*Th spike to the PFA vessel.

BYABTh spike# 25 B Reference Date ___\ l z 7/{ a3
[Py 2V
Reference Activity _2e<-33  pCi/g Spikewt. __-41930 g
Add reagents to vessel and record volumes: Reagents‘_; Volume (mi)
2% 2
_E.QL&_ 3
9] - {

Seal vessel, piace on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

Quantitatively transfer samplie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

Split sample into two parts: haif is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

10.

Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HC] and dilute to

approximately 2M (total ~10 mi).

Transfer solution to 2 50 mi PP centrifoge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.

ssNose: if sampie aiready contains significant Fe, then Fe carrier does not need to be added.

Separme the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# 447 SOA )

Main Column (Bioud. 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCY)

Load sample in 9M HCI and aHow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HC1 --> U and Fe

Separation Date _2 [t ) S

*ssNote: May work on U and Th fractions simuitaneousiy from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HC1 -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; —> Fe

Elute 4-S vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

1L

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.03 M EDTA soin to dissoive residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 i purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in coid water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sampie is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about S mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive S mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue 10 tape the dry filter onto a 1 inch stainless steel planchet and count.

v
Th Counting Date_ 2 /22 | 915

Uranium - F~ precipitation onto filter

To the solution containing U, add 1 mil of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 ml of |M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possibie insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for 1| min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanoi.
Dry and analyze as described above.

U Counting Date yA 43



U/Th Digestion (Nopal rock samples)
Sampie L. D. # NOPT-2 14

Date Z?\ !"ID/

Adi-mmwﬁlumnm This method is useful for total decomposition of many different types of

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of samplie (e.g., Fe-oxides, wiff, etc...) to be dissolved. The
ication note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = o>-4 .
— Coad
2. Record dry weight of sample = __- 2 O 35 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/28Th spike to the PFA vessel.
B i 250 l zv‘q 3
2U/22Th spike # === Reference Date __|
Reference Activity __204- 82 pCi/g Spikewt.__- 4975 ¢
3. Add reagents to vessel and record volumes: Reag::ts Volume (ml)
E 1
e 3
WO, \
Prd
4. Seal vessel, place on tumntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissoived repeat step 4 .
s. Quantitatively transfer samplie to a ciean teflon beaker, washing the PFA vessel several times with
uitrapure water.
6. Split sample into two parts: haif is saved in a PP bottie for later processing if necessary and the

other half is analyzed for U and Th isotopes.

Extractiom:

7. Add 1 mi of perchloric acid (HCLO4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 ml) of conc. HC] and dilute to

approximately 2M (total ~10 mi).

8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH¢OH to pH = 7.
ssNose: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Washthepmcxpmmﬂ:ulmwmwuu’.
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add | mi ultrapure water to dilute to ~9M.




®

Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG l-X8 100-200 mesh chiloride form.
(Lot# __ 4a 750 A

Main Column (Biond' 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and alow to drain
Wash 3 volumes (~35 ml) 9M HCl ->Th
Elute 4 volumes (~50 mi) 0.1M HC1 --> U and Fe

P
Separation Date_2-/ [l /4>

*ssNote: May work on U and Th fractions simultaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vois 9M HC1 -->Th

Uranium Colump (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick upin about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1M HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.03 M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place wbe in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes 10 ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and piace in a 50 ml polysulfone filter funnei.
Shake bottie of substrate suspension (ceric hydroxide containing 10 pug Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with fuil suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sampie is still filtering, add 0.5 mi 1OM NaOH to the sample tube and about 5 mi
uitrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Swck filter dry for about 15 sec and remove the chimney and filter carefuily without interrupting
the suction. Transfer filter to a piastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_Z-/ 2 2

Uranism - F~ precipitation onto filter

1.
2.
3.
4.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
peobebly present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incomplete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight wrbidity should
clear up.
lﬁxﬂnmghlyanddlownluﬁonwnmdfcwmininacoldmbwmobuinmpm

of cerous and uranous flucrides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.
mnnnmmmaﬁmmmmmvmymmwosmwmmof
cerous fluoride substate as described above.
Afer sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date w|as



U/Th Digestion (Nopal rock samples)

SampieLD.# _ NoPI-2!5

Date

2] )ﬁé

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 09~ 4 __

Record dry weight of sample = __. 517 5 and place in a teflon PFA vessel.

Using a weighing boat, quantitatively add a known amount of Z2U/2*Th spike to the PFA vessel.
BYABTh spike # __2OB Reference Date (‘u,‘ews

Lo 2 T

Reference Activity _704-8% pCig Spikewt. . 499! ¢

Add reagents to vessel and record voiumes: Reage‘xfsf: Volume (ml)
I
el 2
H NO}_ \

Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not compietely dissoived repeat step 4.

Quantitatively transfer sampie to a ciean teflon beaker, washing the PFA vessel several times with
ultrapure water.

Split sample into two parts: half is saved in a PP bottie for later processing if necessary and the
other haif is analyzed for U and Th isotopes.

Extractiom:

10.

Add 1 ml of perchloric acid (HCLO) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HC1 and dilute to
approximately 2M (total ~10 mi).

Transfer solution 10 a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.

ssNow: if sample already contains significant Fe, then Fe carrier does not need to be added.

Separae the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure waser,
centrifuge, and decant. Repeat washing.

Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Ex Resin AG 1-X8 100-200 mesh chioride form.
(Lot#__tq1s5v )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and aliow to drain
Wash 3 volumes (~35 ml) 9M HCl1 --> Th
Elute 4 volumes (~50 mi) 0.1M HC! —-> U and Fe

Separation Date < S

sssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 mi conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-S column vois 9M HC1 --> Th

Uranium Colump (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilate with about 2 mi DI water to approx 8M HNO,
Loed onto column in 8M HNO,

Wash 2 vois (8-10 mi) 8M HNO; --> Fe

Elme 4-5 vois 0.1IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.03 M EDTA solin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
piace tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ptg Ce/mtl) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Cummu_&_/%

Uranium - F- precipitation onto filter

1.
2
3.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possibie insoluble double saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HClL.
Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be i
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
Clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tube in an ultrasonic bath for | min to disperse the precipitate,
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

~
U Counting Date Ll‘u\h‘=\>



U/Th Digestion (Nopal rock sampies)

SampleLD.# __pNO PT 2L

Date

zhlas
LI |

Acid Digestien by Microwave: This method is useful for total decomposition of many different types of

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sampie (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
1o be entered for the microwave digestion.

ApplicationNote = __ 05-M
Recorddryweightofsample-&g and place in a teflon PFA vessel.
Using a weighing boat, quantitatively add a known amount of 2U/28Th spike to the PFA vessel.

LY BThspike # _ 2SS Reference Date __1}22 ]93%
* 15 AV —‘_-‘-_
Reference Activity __Z%4.23 pCi/g Spikewt. - 1977 4
Add reagents to vessel and record volumes: Reagents Volu|7ne (ml)
F
gel >3
HINO., (
P

Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not compietely dissolved repeat step 4 .

Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

Split sampie into two parts: half is saved in a PP bottie for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extractions

10.

Add 1 mi of perchloric acid (HCLO4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HC] and dilute to
approximately 2M (total ~10 mi).

Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH¢OH to pH = 7.

ssNowe: if sampie already contains significant Fe, then Fe carrier does not need to be added.

Separate the Fe scavange by centrifugation and decant. Wuhthepmcipimewidwlnpuuwu;.
centrifuge, and decant. Repeat washing.

Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
‘ Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# __4Aa1S50 A

Main Column (Bioud' 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCT)

Load sample in 9M HCI and aliow to drain _
Wash 3 volumes (~35 mi) 9M HC1 --> Th —
Elute 4 volumes (~50 mi) 0.1M HC1 --> Uand Fe .

Separation Date _2 /iC [45

sseNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
. Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter columa with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick upin about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vois 0.IM HC1 --> U




Source Preparation:
Thorium - OH" precipitation onto filter

1. Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

2. Add 6 mi 0.0§ M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

3. Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

4, Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes 10 ensure complete precipitation

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi poiysuifone filter funnel.

6. Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

7. Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.

8. While the sampie is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi

ultrapure water down the sides of the tube. After the sample has sucked dry, swiri the wash
solution around the sides and add it to the filter chimney.

9. Wash tube. filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

10. Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

11. Glue to tape the dry filter onto a 1 inch stainless steel planchet and count. > \5\7/

4

Th Counting Date_Z-/ 22 as”

Uraniym - F~ precipitation onto filter

1. To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are givea off.

2, Add 2 mi of |M HC1 to the beaker containing the purified U fraction and heat geatly to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.

3. Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL
4. Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is

probably present and a few more drops of titanium trichloride must be added to produce a
violet color or reduction and precipitation of U will be incompiete.

s. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

6. thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous flucrides.

7. Place the tube in an ultrasonic bath for | min to disperse the precipitate.

8. Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

9. Afer sucking the precipitate dry, wash with S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

10.  Dry and analyze as described above. /

1\2\1?

U Counting Date &{ﬂil‘\;




U/Th Digestion (Nopal rock sampies)

Sample L. D. # NOPL-211
Date L‘Ill‘b/

AdlepryM-ﬁmnm This method is useful for total decomposition of many different types of

I.

Consuit CEM Microwave SM Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissoived. The

application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _05-%

Record dry weight of sample = ___- 51 & g and place in a teflon PFA vessel.

Using a weighing boat, quantitatively add a known amount of 232U/2%Th spike to the PFA vessel.
22T spike # _ 258 Reference Date _\I_Ek(i?'

23T

Reference Activity _10-33 pCig Spikewt. _.4999 g

Add reagents to vessel and record volumes: Rugeif?: Volu_x7ne (mi)
HC 3
NO\; {

Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissoived repeat step 4 .

Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

10.

Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCl and dilute to
approximately 2M (total ~10 mi).

Transfer solution 0 2 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.

*sNose: if sample already contains significant Fe, then Fe carrier does not need to be added.

Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure waser,
centrifuge, and decant. Repeat washing.

Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
' Resin: BIO-RAD Anion Ex Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __JA1SOA )

Main Column (Biond. 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCT)

Load sampie in 9M HCl and allow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCl1 --> U and Fe

Separation Date zlu—{jS

*ssNote: May work on U and Th fractions simuitaneousiy from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Heat Th fraction to evaporate HC1
Add ~5 mi conc HNO, to dissoive residue
. Add equai vol (~5 ml) DI water so soin 8M HNO,
. Load onto column in 8M HNO,
Wash 3-4 column vois 8M HNO,
Elute 4-5 column vols 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois SM
HNO9)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilme with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vois (8-10 mi) 8M HNO; —> Fe

Ehme 4-S vois 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.03 M EDTA soin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix. add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place wbe in boiling water bath for 10 minutes, remove, and place tube in coid water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate., and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date 2./2.2- /55

Uranium - F~ precipitation onto filter

1.
2

S W

%N

w

To the solution containing U, add | mi of 10% sodium hydrogen suifate and 50 pug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.
Add 2 ml of 1M HC1 to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probebly present and a few more drops of titanium trichloride must be added to produce a

violet color or reduction and precipitation of U will be incompiete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.
Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain compiete
precipitation of cerous and uranous fluorides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date g(z\ ‘4>



U/Th Digestion (Nopai rock sampies)
Sampie L. D. # NOPI-213

Date b‘]\!’lg

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissoived. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ 05"
2 Record dry weight of sample = . 9283 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 22U/2*Th spike to the PFA vessel.
2YABTH spike # __ 2> B Reference Date _| |-,,qu3
23T
Reference Activity _2°4-33 pCi/g Spikewt.__- 143> 4
3. Add reagents to vessel and record volumes: Reagem‘g Volume (ml)
R 1
B ( 2,
HwO, \
4, Seal vessel, place on umtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissoived repeat step 4 .
S. Quantitatively transfer sampie to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottie for later processing if necessary and the

other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCl and dilute to

approximately 2M (total ~10 mi).

8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*sNose: if sampie already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column H
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# _49150A )

Main Column (Bionq 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and aliow to drain
Wash 3 volumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

*ssNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vois 9M HC! --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,
Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; > Fe

Elute 4-5 vois 0.IM HC] --> UJ




Source Preparation:

Thoriwm - OH" precipitation onto filter

1.

®

10.
11.

Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.0§ M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge be and
place wube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sampie into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date_Z /2> (Y

Uranium - F~ precipitation onto filter

1.
2
KX

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and SO pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are givea off.
Add 2 ml of 1M HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
Mymmandafewmedmpofﬁuniumnidﬂoﬁdemmbeaddedmpmdma
violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
Clear up.

thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.
Place the tbe in an ultrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described sbove.
After sucking the precipitate dry, wash with S mi of water containing 2 drops of 43% HF and then
with 80% ethanol.
Dry and analyze as described above.

UCountingDate 2 /2 | 45
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U/Th Digestion (Nopal rock sampies)
Sample L. D. # pNoPT-2\4
Date ‘b,\ ! ‘I>/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of

materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (¢.g., Fe-oxides, tuff, etc...) to be dissolved. The

application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ___ OS> X .
2. Record dry weight of sample = __, 5 21 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 22U/2*Th spike to the PFA vessei.
B2YATY spike # 25 B Reference Date _\llfkli"ﬁ
2T -
Reference Activity __ 2.0 "\-88 pCi/g Spikewt._. 4953 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
e Z
Hc( K\
H No? !
4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not compietely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the

other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute 10

approximately 2M (total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*oNote: if sampie already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,

10. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Ex: Resin AG 1-X8 100-200 mesh chioride form.
(Lot# 17504

Main Column (Biond. 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HCT)

Load sampie in 9M HCI and aliow to drain
Wash 3 volumes (~35 ml) 9OM HC1 -->Th
Elute 4 volumes (~50 mi) 0.1M HC1 --> U and Fe

A\

SeparationDate_2 | | C

*ssNote: May work on U and Th fractions simuitaneousiy from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vois 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols §M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; —-> Fe

Eluse 4-5 vois 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a SO mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 mi
uitrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tbe. filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date_2- /224 S

Uranium - F~ precipitation onto filter

1.
2,
3.

4.

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of IM HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL

Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
pmbublyp:mMandafeﬂmmdmpoofﬁmhmuichIaidemmbeaddedwpmducea
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for | min to disperse the precipitate.
Mammeplecipimmﬂsmmmumvimulyuundwithmsmmof
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

‘ s
U Counting Dete YA
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U/Th Digestion (Nopal rock sampies)

Sampie L D. # pNoPI-z2\

Date

v}\)"z;

Add Digestien by Microwave: This method is useful for total decomposition of many different types of
ials includi ¢

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ O
Record dry weight of sample = __+ 512 g and place in a teflon PFA vessel.

Using a weighing boat, quantitatively add a known amount of Z2U/28Th spike to the PFA vessei.

232)22¥Th spike # _zf_P_ Reference Date _Lllg/i >
L X IV
Reference Activity _ 20483 pCi/g spikewt. 225 ¢
Add reageats to vessel and record volumes: Reagents Volume (ml)
v 1
HC | 3
H® O, L
>

Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

Quantitatively transfer sampie to a ciean teflon beaker, washing the PFA vessei several times with
ultrapure water.

Split sample into two parts: half is saved in a PP bottie for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

10.

Add 1 mi of perchloric acid (HCLO,) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.

*sNowe: if sample already contains significant Fe, then Fe carrier does not need to be added.

Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

Dissovie the precipitate in ~3 mi conc HCI. Add 1 mi ultrapure water to dilute to ~9M.




.

Column

Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#__ 49150 )

Main Column (Biorad. 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and aliow to drain
Wash 3 volumes (~35 mi) 9M HCl —> Th
Elute 4 volumes (~50 mi) 0.1M HC1 --> U and Fe

ss#Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Heat Th fraction to evaporate HCl

Add ~5 mi conc HNO, to dissolve residue

Add equal vol (~5 mi) DI water so soln 8M HNO,
Load onto column in 8M HNO;

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vois 9M HC! -> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO»)

Evaoprate U fraction to near dryness

Pick upin about 2 mi conc HNO,

Dilate with about 2 mi D] water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vois (8-10 ml) 8M HNO; —> Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.
11

Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.0§ M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrite (0.5 mg/mi Ce) to precipitate hydroxides. Mix. add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pug Ce/mi) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. After the sampie has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date 22 /49>

Uragium - F precipitation onto filter

1.
2
3.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until compietely dry and no more fumes are given off.
Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL
Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
pmbd)lyptewmandafewnmdmpsofﬁnniumuichlaidcmunbeaddedmpmdmea
violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.

thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous flucrides.
Place the tube in an uitrasonic bath for 1 min to disperse the precipitate.
Manﬂnwedpimma?ﬁmmhmﬁlmawiaulynmdwiﬁmosmmof
cerous fluoride substate as described above.
After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date 21 0\5
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U/Th Digestion (Nopal rock samples)
Sample L. D. # NofT-113
Date \ I‘ 9 ‘l‘ a5

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _0% }) + 2\ . ; ‘ RS

2, Record dry weight of sample = __«44 hg g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
22y BTh spike # _25% Reference Date 1}22 |43
Reference Activityw_?“_-):ﬁ{_._&_ pCi/g Spikewt. _[, 0004 g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to

fumes of HCLOg4. Pick up in a small amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a S0 ml PP centrifuge tube: Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Maipn Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI
Add ~5 ml conc HNO; to dissolve residue
’, Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO;
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HCl --> U

RENRE




Source Preparation:

Thorjum - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soin to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sampie tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.

2.

L I

©

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCl.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or redu¢tion and precipitation of U will be incomplete,

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up. :

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and urapous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as des¢ribed above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)

Sample L. D. # NOPL-11

Date

)ales
I

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = _02 1) +2 \ ,

2. Record dry weight of sample = __« 4457 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
22 8Th spike# _25 B Reference Date ll z2 l“3

33U

Reference Activity _204-83 pCi/g Spikewt._.9972 g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NHfOH topH =7.
**Note: if sample already contains $ignificantFe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by cemriﬁigation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HCl --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

*+#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNOj to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO;

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3,)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2,

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

ess.
Add 6 m] 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.
Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.
Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation
Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.
Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.
Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.
Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).
Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F~ precipitation onto filter

1.

2.

N

0

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and S0 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of IM HClI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HClL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)

Sample LD.# _ poPE-u1ys

Date

l!ﬁ!‘?;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = _ 0% (1 4+ 2 I .

2. Record dry weight of sample = ____. 13 |2 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
BYLBThspike # __ 25 B Reference Date __{ !'L Z! 93

247

Reference Activityiuiix_ pCi/g Spikewt. (€022 ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on mrntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mt).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HC1. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HC1
Add ~5 mi conc HNO; to dissolve residue
. Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.

2.

o @

g

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPL -
Date L{l 9 [lf 5

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _© 21} ¢v2 \ |

2. Record dry weight of sample = _ . 2376 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
BAYRBTh spike# __ 258 Reference Date ___{ l 2 bg‘l b)

ALYV

Reference Activity __204.83 pCi/g Spikewt._J.00] 1 g

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not compietely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HC] and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCl)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

*+#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO; to dissolve residue
. Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCI -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

® N

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefuily without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uraniym - F~ precipitation onto filter

1.
2.

®N @

o

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mli portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPT-NT

Date 124!)%/

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (¢.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ 021} 2 1 .

2. Record dry weight of sample = _Li&‘il__ g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
232J/225Th spike # ”fo & Reference Date __\ I 2243
Reference Activity _ 204.88  pCi/g Spikewt. __[-00149 ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLQg4. Pick up in a small amount (~2 mli) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tabe. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH topH = 7. .
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1-->Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO, --> Fe

Elute 4-5 vols 0.1M HCI] --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pi purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F~ precipitation onto filter

1.
2,

[ A

b

To the solution containing U, add 1 mli of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)

Sample I. D. # NOPI-113

Date

14 las
Tt

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sampie (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ 0911+ 2 | .

2. Record dry weight of sample = __ .49 0] g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
BYLBTh spike# _25 B Reference Date __\ ' z 7/‘ K%

¥\

Reference Activity _224.83  pCi/g Spikewt. __}.2027] ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ulrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCL.Og4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sampie already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Columna (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HC1 --> U and Fe

Separation Date

*##Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO;

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 ul purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefuily without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.

2.

Lol IS

hd

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HC! to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incompiete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample .D.# __ M0 PT-\A

pee __()a}as

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ OS5 t14-2 | .

2. Record dry weight of sample = 418 CY g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 22U/228Th spike to the PFA vessel.
B2YABTh spike # _25 B Reference Date __\ l zz ‘ﬁ P

2% [ 4V §

Reference Activity _29. 83 pCi/g Spikewt._.9284

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
uitrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOg) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOy4. Pick up in a small amount (~2 ml) of conc. HCl and dilute to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Main Colymn (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCl and allow to drain
Wash 3 volumes (~35 ml) 9M HCI --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

**sNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HCl
' Add ~5 ml conc HNO; to dissolve residue
.. Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO;
Elute 4-5 column vols 9M HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

10.
1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 ul purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Urapium - F~ precipitation onto filter

1.
2

N N

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and SO pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HC] to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample.D.# _ _NOFI-\2 O
Date \\\“ \\‘1 4

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ 051\ +2\ .

2, Record dry weight of sample = A932 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
82ypBTh spike# _ 25D Reference Date __\ | 2z l‘\ >

X X3V

Reference Activity _20o4.-388 pCi/g Spikewt. __1.904C ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOg4) to the samplie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain

Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HC1 --> U and Fe

Separation Date

*##Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols $M
HNO3)

Heat Th fraction to evaporate HCI
Add ~5 ml conc HNO; to dissolve residue
' Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO;
Elute 4-5 column vols 9M HC1 --> Th

Uranium Colump (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO;

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HCI --> U




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-135 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.
2.

N

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight trbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample I. D. # NOPL-IZ|

Date 124\!65

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _0%11%+2) |

2. Record dry weight of sample =___. 1402 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/28Th spike to the PFA vessel.
B2YBTh spike # _ 255 Reference Date _| ' Z”l"\ 3

(A4 —

Reference Activity _zv4.83 pCig Spikewt. __1.600> o

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the samplie solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9M HCl! --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

»##Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC! -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> UJ




Source Preparation:

Thorium - OH- precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 mi conc HNOj3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 ul purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sampie is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at iow temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.
2,

& »

Ead

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample L. D. # NoPI-12

Date \\‘\\‘v;
-+

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ 0511 ¥ 2\ |

2. Record dry weight of sample = __ . 4G4 | g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/225Th spike to the PFA vessel.
B2UABThspike# _ 25D Reference Date __t|z2-{43
Reference Activity _204-33  pCi/g Spikewt. _[. 00l ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 mi) 9OM HCl1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCl --> U and Fe

Separation Date

*s*Note: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Heat Th fraction to evaporate HC]
Add ~5 ml conc HNO, to dissolve residue
. Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,
Wash 3-4 column vols 8M HNO;
Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Evaoprate U fraction to near dryness

Pick up in about 2 mi conc HNO;

Dilute with about 2 ml DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

Cad

10.

11,

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 m1 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a S0 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 mi portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefuily without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.
2

2 T

had

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mli portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample L. D. # pPofPI-i1e>3

Date 1}‘1 )417’

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _ 051\ ¥ 2\ _

2. Record dry weight of sample = ___|. 000( g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/225Th spike to the PFA vessel.
BYBTh spike# _ 25 B - Reference Date __\ ' 22z ‘“\ 3

232U

Reference Activity __2°4.83 pCig Spikewt. _|. 0004 ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ulwrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLOj4) to the sampie solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a S0 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi conc HCL. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1-->Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

**#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HCl1 --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,3

Wash 2 vols (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

Cadi

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mli Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sampile is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F~- precipitation onto filter

1.
2.

N @

b

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of tM HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of IM
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mun membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample . D. # PoPT-4 Y
Date | ! 3 ! 95

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = 0518 .
2. Record dry weight of sample = ___, 5147 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
232228 spike # __ 25 B Reference Date _| ' 2z !ﬁ i
e
Reference Activity _ 204-33 pCi/g Spikewt. ___.2917k ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
H lo.0
HE 0.<
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLO4) to the sample solution in the teflon beaker. Evaporate to

fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCI. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

#**Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO;

Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 m! conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U

RERRN




Source Preparation:

Thorium - OH" precipitation onto filter

1.

2.

o)

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 m] 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.

2,

* w

® N

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCIl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 m] polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample .D.# __ NOPT -\

Date __1|\2]45

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = .

2. Record dry weight of sample = __ 3250 g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 232U/228Th spike to the PFA vessel.
B2YABTh spike # __ 255G Reference Date __ t{zz |43
Reference Activity _20"\-38 pCi/g Spikewt. __1.0037 ¢

3. Add reagents to vessel and record volumes: Reagents Volume (ml)

4, Seal vessel, place on tumntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchloric acid (HCLO4g) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 mt) of conc. HCI and dilute to
approximately 2M (total ~10 ml).

8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing. -

10. Dissovle the precipitate in ~3 ml conc HCI. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HC)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9OM HC1 --> Th
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

Separation Date

*s*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO, to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO;
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC! -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO»)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

Ko

10.
Il

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soin to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pt purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 mi
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel planchet and count.

Th Counting Date

Uranium - F~ precipitation onto fiiter

o

Cadin

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of {M HCI1 to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample1.D.# _ NOPI-\\3
Date 1hz|as

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consult CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = ____ 0S-«% < U\
2. Record dry weight of sample = ___.A\©O Z- g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/225Th spike to the PFA vessel.
B2y28Th spike# _ 25 B Reference Date __t I 2 Ll a3
3t
Reference Activity _2v4%-38 __ pCi/g Spike wt. . 000 O g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
\O
Bnen 2
-, 80, _ S5O0
4 Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other haif is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOjy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mli).
8. Transfer solution to a S0 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




‘ Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.

(Lot# __ 44 L3 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain e

Wash 3 volumes (~35 ml) 9M HCI --> Th S - =

Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe v - -
Separation Date viaS

s#sNote: May work on U and Th fractions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCl
Add ~5 ml conc HNO; 1o dissolve residue
.- Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO;
Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HC! --> Th

\

Uraniym Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO;

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

® N

10.

1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soln to dissoive residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place wbe in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F- precipitation onto filter

1.
2.

R -

R

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 mi portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample LD.# __ POPL-US
Date 1 \‘\llﬁé

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ O Yer L

2. Record dry weight of sample = - A% 1l 5 and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/2%5Th spike to the PFA vessel.
B2YPBTh spike # __ 2.5 W Reference Date __| ILZ— 243
P TI L
Reference Activity __294-33  pCi/g Spikewt. __|. 0023 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
W 1o
He { 2
“’E BOy SO
4, Seal vessel, place on tumntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOjy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mli).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCI. Add 1 mi ultrapure water to dilute to ~9M.




. Column Separation:
Resin: BIO-RAD Anion Exchanee }gsia AG 1-X8 100-200 mesh chloride form.

(Lot#_Y“\ & )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain -
Wash 3 volumes (~35 ml) 9M HCl --> Th — =
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe - L ~ =
7
Separation Date Lla>

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO; to dissolve residue .
' Add equal vol (~5 ml) DI water so soin 8M HNO, -
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,
Elute 4-5 column vols 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO; _

Dilute with about 2 mi DI water to approx 8M HNO, —_

Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe .

Elute 4-5 vols 0.IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

1.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to
dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a SO ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochioride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a SO ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pug Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uraniym - F~ precipitation onto filter

1.
2.

Gl B

b

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 ml portions of IM
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with S ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)
Sample L. D. # NOPE-\\

Date \ “ 12 !‘1 s

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1. Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

ApplicationNote = __ OS54 + || .
2. Record dry weight of sample = .98 EO g and place in a teflon PFA vessel.

3. Using a weighing boat, quantitatively add a known amount of 222U/228Th spike to the PFA vessel.
B2y2BThspike# 258 Reference Date __{ ' 22 ,‘\ 3
23t w
Reference Activity __294.83 pCi/g Spikewt. _ .00t ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
i \o
ey 2
ﬁa an SO
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOj4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 mi).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.

9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# _44BN3I K )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCl and allow to drain —
Wash 3 volumes (~35 ml) 9M HCl --> Th s L -
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe e yd ~ <
L
Separation Date ‘b >

***Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO;

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 -->Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO;)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

L.

2.

® N

10.
11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

SS.
Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.
Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.
Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation
Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the fiiter with full suction. Allow each portion to suck
dry for 10-15 sec.
Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.
Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.
Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).
Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date

Uranium - F~ precipitation onto filter

1.

2.

Gl IS

b

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which shouid produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date




U/Th Digestion (Nopal rock samples)

Sample L.D.# __ NOPT -\

Date

Wz las
‘ 1 9

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consult CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ 05 4 <\,

2. Record dry weight of sample = __. 4707 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 232U/28Th spike to the PFA vessel.
2UPBTh spike # __25 B Reference Date __\ I Qz{‘i 3
1,17-\1\
Reference Activity __¢94-3% _pCi/g Spikewt. __{.ooq4 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
10
HC | 2
—H,Boy _ SO
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
S. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a small amount (~2 ml) of conc. HCI and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with ultrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# __ A ALYIK )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HC1)

Load sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1-->Th
Elute 4 volumes (~50 mt) 0.1M HCI --> U and Fe

/s
Separation Date I‘ 16 '55

*s*Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO3)

Heat Th fraction to evaporate HCI

Add ~S ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vois 9M HCl --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO>)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO;
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

dryness.

Add 6 ml 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/mi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

Th Counting Date l\ 3%!°‘>’

Uranium - F- precipitation onto filter

1.
2

®N @

bl

To the solution containing U, add 1 ml of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of IM HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a S0 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL.

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date ]!,3 \.62/



,JP\WWC\"")

II MCB # 1 ACQ ©1-17-95 AT 05:12:01 RT : 56787.5 LT : 56778.7
No detector description was entered
NOPI-117 U 1/18/95

ROI # 15-1 RANGE : 33 = 398.20keV to 152 = 425,50keV
AREA : Gross = 7194 Net = 6894 +/~ 112
CENTROID : 123.06 = 418.86keV
SHAPE : Fwhm = 7.02keV Fwtm = 13.00keV
ID : SB-125 at 427.89keV
Corrected Rate = @.121 +/- ©0.00
ROI # 15-2 RANGE : 269 = 452,35keV to 404 = 483.33keV
AREA : Gross = 7430 Net = 7294 +/- 101
CENTROID : 371.31 = 475.83keV
SHAPE : Fwhm = 9.03keV Fwtm = 15,39keV
ID : SB-125 at 463.38keV
Corrected Rate = 0.128 +/- 0.00
ROI # 15-3 RANGE : 518 = 509.49keV to 636 = 536.57keV
AREA : Gross = 3474 Net = 3355 +/- 75
CENTROID : 609.35 = 530.46keV
. SHAPE : Fwhm = 5.69keV Fwtm = 13.24keV
ID : No close library match Feow
5’96“'
4
3 !
qe4
oV
400



NPT Thc W

MCB # 1 ACQ 01-18-95 AT 10:31:52 RT : 25001.6 LT : 25000.0
No detector description was entered
NOPI-117 Th 1/19/95

ROI # 65-1 RANGE : 33 = 3.83keV to 97 = 4.00keV
AREA : Gross = 361 Net = 360 +/- 19
CENTROID : 76.37 = 3.95keV
SHAPE : Fwhm = Q.92keV Fwtm = 9.13keV

ID : No close library match

ROI # 5-2 RANGE : 191 = 4.26keV to 354 = 4.69keV
AREA : Gross = 34565 Net = 34524 +/- 189
CENTROID : 325.95 = 4.62keV
SHAPE : Fwhm = Q.06keV Fwtm = @.15keV

ID : No close library match

ROI # 5-3 RANGE : 480 = 5.03keV to 628 = 5.43keV
AREA : Gross = 7821 Net = 7820 +/- 89
CENTROID : 604.47 = 5.37keV
SHAPE : Fwhm = 9.05keV Fwtm = ©.16keV

ID : No close library match

ROI # 5-4 RANGE : 640 = 5.46keV to 757 = 5.77keV
AREA : Gross = 1401 Net = 1283 +/- 59
CENTROID : 703.02 = 5.63keV
SHAPE : Fwhm = 0.06keV Fwtm = @.17keV

ID : No close library match



U/Th Digestion (Nopal rock samples)

Sample . D.# _ N0PY-1 &

Date

\\‘\7, \‘\;

Acid Digestion by Microwave: This method is useful for total decomposition of many different types of
materials including rocks.

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, tuff, etc...) to be dissolved. The
application note discusses the amount of sample and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = __ 0> M+ \b.
-
Record dry weight of sample = __. c‘é 0> g and place in a teflon PFA vessel.

2,
3. Using a weighing boat, quantitatively add a known amount of >2U/2%Th spike to the PFA vessel.
BT spike # __ L0 © Reference Date __\|22|4%
23TV~
Reference Activity _ 2o~\-89 pCi/g Spikewt.__ . 0021 ¢
3. Add reagents to vessel and record volumes: Reagenltrs Volume (ml)
L 9
nc) .
&3 B 0 SV
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sample is not completely dissolved repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. Split sample into two parts: half is saved in a PP bottle for later processing if necessary and the
other half is analyzed for U and Th isotopes.
Extraction:
7. Add 1 ml of perchloric acid (HCLOj4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLO4. Pick up in a small amount (~2 ml) of conc. HCl and dilute to
approximately 2M (total ~10 ml).
8. Transfer solution to a 50 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
*+*Note: if sample already contains significant Fe, then Fe carrier does not need to be added.
9. Separate the Fe scavange by centrifugation and decant. Wash the precipitate with uitrapure water,
centrifuge, and decant. Repeat washing.
10. Dissovle the precipitate in ~3 ml conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#_ AL %3IA )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HCI)

Load sample in 9M HCI and allow to drain L
Wash 3 volumes (~35 mi) 9M HC1 --> Th _ _
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

”~
Separation Date l‘ l‘n’“\a

**#Note: May work on U and Th fractions simultaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO,)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO; to dissolve residue

Add equal vol (~5 ml) DI water so soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

Elute 4-5 column vols 9M HC1 -->Th

¢

Uraniym Columan (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO5)

Evaoprate U fraction to near dryness

Pick up in about 2 ml conc HNO,

Dilute with about 2 mi DI water to approx 8M HNO,
Load onto column in 8M HNO,

Wash 2 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HC1 --> U

| |




e

Source Preparation:

Thorium - OH" precipitation onto filter

L.

10.

1L

Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNO3 and evaporate to

ess.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soln to a 50 ml PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mg/ml Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 ml of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 5 ml portions through the filter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.
While the sample is still filtering, add 0.5 ml 10M NaOH to the sample tube and about 5 ml
ultrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution around the sides and add it to the filter chimney.

Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml portions of 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steel planchet and count.

-
Th Counting Date__| \3\kc\‘3

Uranium - F~ precipitation onto filter

1.

2.

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 ug of Ce carrier
and evaporate the solution until completely dry and no more fumes are given off.

Add 2 mi of 1M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoluble double salts with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of 1M
HCL

Add 2 drops of 20% titanium trichloride which should produce a strong violet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permanent violet color or reduction and precipitation of U will be incomplete.

Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.

Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete
precipitation of cerous and uranous fluorides.

Place the tube in an ultrasonic bath for 1 min to disperse the precipitate.

Mount the precipitate on a 25 mm membrane filter previously treated with two 5 ml portions of
cerous fluoride substate as described above.

After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

Dry and analyze as described above.

U Counting Date l“ 11 \‘45



vPugu .cHw

'MCB # 1 ACQ 01-17-95 AT 05:12:01 RT : 56847.7 LT : 56839.0
No detector description was entered

NOPI-118 U 1/18/95

ROI # 16-1 RANGE : 49 = 397.48keV to 162 = 425.34keV
AREA : Gross = 7413 Net = 7352 +/- 92
CENTROID : 130.42 = 418.12keV
SHAPE : Fwhm = 7.08keV Fwtm = 13.01keV
ID : SB-125 at 427.89keV
Corrected Rate = 0.129 +/- 0.00
ROI # l16-2 RANGE : 275 = 451.14keV to 411 = 482.19keV
AREA : Gross = 9984 Net = 9898 +/- 109
CENTROID : 382.82 = 475.76keV
SHAPE : Fwhm = 8.29keV Fwtm = 16.65keV
ID : SB-125 at 463.38keV
Corrected Rate = 9.174 +/- 0.00
ROI # 16-3 RANGE : 526 = 508.46keV to 645 = 535.63keV
AREA : Gross = 5043 Net = 4841 +/- 93
" - CENTROID : 622.77 = 530.55keV
i SHAPE : Fwhm = 4.73keV Fwtm = 12.97keV

ID : No close library match



ROI

ROI

ROI

ROI

ACQ 01-18-95 AT 10:31:52 RT : 25001.6
No detector description was entered
NOPI-118 Th 1/19/95

RANGE : 29 = 3.91keV to 82 =
AREA : Gross = 187 Net = 187
CENTROID : 63.78 = 4.00keV

SHAPE : Fwhm = Q.921keVv Fwtm = 0.0

ID : No close library match

RANGE : 175 = 4.29keV to 347 =
AREA : Gross = 16332 Net = 16332
CENTROID : 319.10 = 4.67keV

SHAPE : Fwhm = Q.06keV Fwtm = 0.1

ID : No close library match

RANGE : 480 = 5.10keV to 622 =
AREA : Gross = 4951 Net = 4951
CENTROID : 599.78 = 5.42keV

SHAPE : Fwhm = Q.94keV Fwtm = 0.1

ID : No close library match

RANGE : 646 = 5.54keV to 760 =
AREA : Gross = 804 Net = 775
CENTROID : 693.9%90 = 5.66keV

SHAPE : Fwhm = @.06keV Fwtm = 0.1

ID : No close library match

Tw
NP3 R Ht

LT
4.05keV
+/- 14
8keV
4.75keV
+/~ 128
SkeV
5.47keV
+/- 70
6keV
5.84keV
+/- 36
9keV

25000.0





