ALPHA SPECTROMETRY
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NOPI-417-PWDA

FILENAME= NP417PUA.CHN

NP417PTA.CHN

Sep.date | 12/28/95

U and Th Isotope Activities

Sample # NOPI-417-PWDA

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)
| 0.7272 | 1.0152 454.83 | 1/22/93 | 1070 [ 442.18188 ]| Th-228/U-232=| 0.7188892
Counting time for Th=] 833.33 (mins.) Counting time for U=] 1181.79 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=( 0.9937803 CF for U-232=| 1.0061695
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 103 | 108380 | 13312 | 2115 | 10933 | 11280 | 2104 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 2 | 8 [ 3 | 2 | 4 | 21 |
Th-232*  Th-230* Th-228sp  Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 102 | 108378 [13172.629] 2112 | 10931 | 11276 [2070.2277]
U-238(dpm/g)=| 3259.421 | + | 77.59554
U-234(dpm/g)=| 3362.2936 | + | 79.84563
Th-232(dpm/g)=| 3.4362787 | + | 0.339894
Th-230(dpm/g)=| 3651.1472 | + | 33.53236
U-234/U-238=| 1.0315616 | + | 0.013844
Th-230/U-234=| 1.0859097 | + | 0.010743
Th-230/Th-232={ 1062.5294 | + | 104.7439
U234/Th-232=| 978.4694 | + [ 99.53393
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= | 4369102.6
(m-1)
Th{ppb)= | 14063.393
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)=

3182.2167 317.87979 31.771253

\
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WY1 Puhr il

ACQ 01-03-96 AT 13:41:32 RT : 70924.6 LT ¢« 70907.3
No detector description was entered
NOPIT~-417-PWD U 1/4/96

- : . » 1%6 u
or # 7-1 RANGE : 51 = 4.01MeV  to 161 = 4.27HeV
AREA : Gross = 20368 Net = 10933 +/- 426
CENTROID : 122.83 = 4.18MeV
SHAPE : Fwhm = @.11HeV Fwutm = @.19HeV
ID : No close library match
or § 7-2 RANGE : 306 = 4.61HMeV  to 407 = 4,.84MeV ﬂﬁ“.
AREA : Gross = 18114 Net = 11280 +/~ 347
CENTROID : 371.82 = - 4.76MeV
SHAPE : Fwhnm = @.,12HeV Futm = @.19%HeV
ID @ Mo c¢loge library mahtch
or ¢ 7-3 RANGE . 541 = 5.15MeV  to 642 = 5.39MeV lng\
AREA ; Grogs = 3414 Net = 2104 +/- 1852
CENTROID : 609.01 = 5.31MeV
SHAPE : Fwhm = ®.10MeV Futm = O.17HMeV

ID : No c¢losge library match



01 #

PP T PTHCE

ACQ @1-03-96 AT 13:41:31 RYT : 50014.7 LT : 50000.0
No detector degcription was entered
NOPI-417-PWD Th 1/4/95

Lol
RANGE : 60 = 3.95MeV  to 93 = 4.04MeV ke 4’
AREA : Grosgs = 212 Net = 103 +/- 25
CENTROID : 79.34 = 4.00MeV
SHAPE : Fwhwm = @.02MeV Fwtm = @.05MeV
ID : No c¢lose library wmatch
RANGE 262 = 4.47HMeV  to 365 = 4.73MeV q}w(k
AREA : Gross = 109420 Net = 108380 +/- 354
CENTROID : 346.35 = 4.68MeV
SHAPE : Fwhm = 0.04MeV Fytm = 0, 13MeV
ID : No c¢losge library match
A (A}
RANGHE 581 = 5.28MeV to 663 = 5.49MeV q‘ﬂn
AREA : Grosgg = 13907 Net = 13312 +/- 145
CENTROID : 643.5%7 = 5.44MeV
SHAPE : Fwhm = @.04MeV Fwtm = Q.14MeV
ID : No close library match
RANGE : T02 = 5.59MeV  Tto 770 = 5.76MeV Tf{@*
AREA : CGrosg = 3391 Net = 2115 +/~ 125
CENTROID : 746.53 = 5.70MeV
SHAPE : Fwhm = Q.06MeV Fwutm = 0.11MeV

ID : No c¢loge library match



NOPI-418-PWDA

U and Th Isotope Activities FILENAME= NP418PA.CHN

NP418PTA.CHN

Sep. date | 12/28/95

Sample # NOPI-418-PWDA

Th-228 (dpm/g)= 3182.2167 317.87979 31.771253

Page 1

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)
[To5744 T 1.0032 | 454.83 | 1/22/93 | 1070 | 442.18188] Th-228/U-232=| 0.7188892
Counting time for Th=} 833.33 (mins.) Counting time for U=] 1182.39 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0061697
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 117 | 183352 | 11321 | 1796 | | 18111 | 21746 | 2281 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ [ 12 | 9o [ 7 | L2 [ 2 | 6 |
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234~ U-232sp
counts counts counts counts counts counts counts
| 116 | 183340 [11171.387| 1789 | [ 18109 [ 21744 [ 2261.05 |
U-238(dpm/g)=| 6185.2654 | £ | 137.4214
Ve U-234(dpm/g)={ 7426.827 | + | 163.456
Th-232(dpm/g)=| 5.764835 | = | 0.535706
Th-230(dpm/g)=| 9111.4211 | + [ 88.23761
U-234/U-238=| 1.2007289 | £ [ 0.012079
Th-230/U-234=| 1.2268255 | = | 0.008799
Th-230/Th-232=| 15680.5172 | £ [ 146.1655
U234/Th-232={ 1288.2983 | + | 123.029
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= | 8291061.3
{m-1)
Th(ppb)= | 23593.296
Spike 26A  Spike 25B  Spide 25C
10/9/92



ACQ 91-93-96 AT 13:41:32 RT : 70961.0 LT

No detector desgcription was entered

NOPI-~-418~-PWD U 1/4/96

RANGE 30 = 3.96MeV to 159 = 4.26MeV
AREA : Grossg = 46603 Net = 18111 /- 779
CENTROID ¢ 112.50¢ = 4.15MeV

SHAPE : Fwhm = @.14dHeV Futm = ¢.23MeV

ID : No closge library match

RANGE : 279 = 4.54MeV  to 407 = 4.84MeV
AREA : Gross = 42086 Net = 21746 +/- 662
CENTROID : 361.19 = 4.73HeV

SHAPE : Fwhm = ©.16MeV Futm = @.23MeV

ID : No close library match

RANGE : 529 = 5.12MeV  to 643 = 5.39MeV
AREA : Gross = 4140 Net = 2281 +/- 190
CENTROID : 606.69 = 5.30MeV

SHAPE : Fwhm = ©.12MeV Futm = @.23MeV

ID : No close library match

V){’b{l8PMA.CH’N

70943.7
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4~2

4-4

NP\{(&PJ’A‘OW

ACQ Q1-©3-96 AT 13:41:31 RT : 50614.7 LT : 50000.0¢
No detector description was entered
NOPI-418-PWD Th 1/4/96

RANGE 88 = 3.93MeV to 131 = 4.04HMeV
AREA : Gross = 204 Net = 117 /- 26
CENTROID : 119.49 = 4.01MeV

SHAPE : Fwhm = Q.00MeV Fwtm = @.01HMeV

ID : No close library match

RANGE : 271 = 4.42MeV  to 3920 = 4.75MeV
AREA : Gross = 184432 Net = 183352 /- 452
CENTROID : 367.00 = 4,69HeV

SHAPE : Fwhm = 9.04MeV Fwtm = ©.13MeV

ID : No c¢losge library match

RANGE : 587 = 5.28MeV to 665 = 5.50MeV
AREA : Gross = 11741 Net = 11321 +/~ 128
CENTROID : 645.61 = 5.44MeV

SHAPE : Fwhm = @.94MeV Fwtm = @.14MeV

ID : No close library match

RANGE : 703 = 5.60MeV to 765 = 5.77MeV
AREA : Gross = 3937 Net = 1796 +/- 149
CENTROID : 743.6@ = 5.71MeV

SHAPE : Fwhnm 0.95MeV Fwtm = @.09MeV

ID : No close library match



NOPI-420-PWDA

U and Th Isotope Activities FILENAME= NP420PUA.CHN
NP420PTA.CHN
Sample # NOPI-420-PWDA Sep. date | 12/28/95
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)
| o0.7867 | 1.0064 | 454.83 | 1/22/93 | 1070 [442.18188] Th-228/U-232=| 0.7188892
Counting time for Th=] 833.33 (mins.) Counting time for U=] 1182.98 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=[ 0.9937803 CF for U-232=| 1.0061699
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 176 [ 34647 | 10605 | 1919 | | 4818 | 5322 | 2832 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L1 | 8 | 2 [ 1+ ] L 2 | 3 | 12 1
Th-232*  Th-230* Th-228sp  Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 175 | 34644 | 10392.07 [ 1918 | | 4816 | 5319 [2802.7076]
U-238(dpm/g)=| 972.01084 | + [ 23.01557
U-234(dpm/g)=| 1073.5311 | + [ 24.96985
Th-232(dpm/g)=| 6.8479466 | + [ 0.520449
Th-230(dpm/g)=| 1355.6586 | + [ 15.04462
U-234/U-238=| 1.1044435 | + | 0.021963
Th-230/U-234=| 1.2628033 | + | 0.018592
Th-230/Th-232=| 197.96571 | + | 14.96008
U234/Th-232=| 156.76686 | + | 12.45988

Decay U-238 Th-232

constant  2.948E-16 9.413E-17 U(ppb)= 1302935.4
(m-1)
Th(ppb)= | 28026.063
Spike 26A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 3182.2167 317.87979 31.771253
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ACQ @1-03-96 AT 13:41:32 RT : 70996.2 LT
No detector degcription was entered
NOPI-~-420~-PHD U L1/74/96

RANGE 74 = 4.05MeV to 161 = 4.25MeV
AREA : Gross = 5068 Net = 4818 +/- 91
CENTROID : 137.09 = 4.20MeV

SHAPE : Fwvhm = @.07HeV Fwtm = @.13MeV

ID : No close library match

RANGE : 330 = 4.65MeV to 414 = 4.84MeV
AREA : Gross = 5619 Net = 5322 +/- 96
CENTROID : 388.60 =  4.78MeV

SHAPE : Fwyhm = Q.07MeV Fwtm = 9.14MeV

ID : No c¢lose library match

RANGE 574 = 5.21MeV to 649 = 5.39MeV
AREA : Gross = 3113 Net = 2832 +/=- 78
CENTROID : 625.74 = 5.33MeV

SHAPE : Fwhm = 0.04MeV Pytm = 0.12HMeV

ID : No c¢lose library match

0 Py LoPuUA. CHW

70978.8



NP 10 PTARCHY

1 ACQ @1-03-9%6 AT 13:41:31 RT : 50014.7 LT : 50000.0
No detector description was entered
NOPI~-42@-PWD Th 1/4/96

0T # 5-1 RANGE : 67 = 3.92MeV to 117 = 4.905MeV
AREA : Grossg = 209 Net = 176 +/- 21
CENTROID : 101.27 = 4.01HMeV
SHAPE : Fwhm = @.@2¥eV Fwtm = @.06HeV

ID : No close library match

0T # 5-2 RANGE . 288 = 4.48MeV to 384 = 4.72MeV
AREA : Gross = 35143 Net = 34647 +/- 205

CENTROID : 365.64 = 4.68MeV
SHAPE : Fwhm = 0.04MeV Fwtm = @.13MeV

ID : No c¢losge library match

0L # 5-3 RANGE 602 = 5.28MeV to 681 = 5.48HMeV
AREA : Gross = 11045 Net = 10605 +/~ 127
CENTROID : 662.20 = 5.43MeV
SHAPE : Fwhm = ©.05HMeV Fwtm = ©.14MeV
ID : No close lihrary wmatch

0T # 5-4 RANGE 725 = 5.59MeV to 783 = 5.73MeV
AREA : Gross = 2450 Net = 1919 +/- 81
CENTROID :« 765.78 = 5.69MeV
SHAPE : Fwhm = Q.05MeV Fwtm = 0.loMeV

ID : No closge library match




NOPI-421-PWDA

U and Th Isotope Activities FILENAME= NP421PUA.CHN

NP421PTA.CHN

Sep. date | 12/14/95

Sample # NOPI-421-PWDA

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
| 0.4513 | 1.0078 454.83 | 1/22/93 | 1056 [ 442.34508] Th-228/U-232=( 0.7139879
Counting time for Th=| 833.33 (mins.) Counting time for U=] 1183.38 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.00617
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 78 | 32136 | 10704 | 1831 | | 4548 | 4956 | 2423 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
(=2 [ 7z [ 2 1 1 1] L2 [ 3 [ 12 ]
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 76 | 32129 [10595.383] 1830 | | 4546 | 4953 [2396.2153]
U-238(dpm/g)=| 1874.0183 | + | 47.13401
U-234(dpm/g)=| 2041.7977 | + [ 50.61382
Th-232(dpm/g)=| 5.058922 | + | 0.574893
Th-230(dpm/g)=| 2138.6593 | + | 23.86697
U-234/U-238=| 1.0895293 | + | 0.022373
Th-230/U-234=| 1.0474393 | + | 0.015985
Th-230/Th-232=| 422.75 + | 47.92507
U234/Th-232=| 403.60332 | + | 46.94381
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 2512034.5
(m-1)
Th(ppb)= | 20704.26
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)=

3161.687 315.82902 31.566284

Page 1



CB # 1

O # 10-1

o1 # le-2

O # 10-3

ACQ ©1-63-96 AT 13:41:32 RT : 71020.4 LT

No detector description was entered

NOPI~-421~-PWD U 1/4/96

RANGE 62 = 4.06MeV to 145 = 4.25MeV
AREA : Grogs = 5120 MNet = 4548 +/- 109
CENTROID 118.07 = 4.19HMeV

SHAPE : Fwhm = @.08MeV Fwtm = ©.13MeV

ID : No cloge library match

RANGE : 313 = 4.65MeV  to 394 = 4.84MeV
AREA : Gross = 5721 ' Net = 4956 +/~- 121
CENTROID : 367.76 = 4.78HeV

SHAPE : Fwhm = ©.08MeV Fwtnm = @.14MeV

ID : No c¢loge library match

RANGE : 565 = 5.24MeV  to 630 = 5.40MeV
AREA : Gross = 3012 Net = 2434 +/- 91
CENTROID : 606.78 = 5.34MeV

SHAPE : Fwhm = @.06MeV Futm = @.13MeV

ID : No c¢lose library match

71003.0

N PHLLPun. LW
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#
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L

ACQ 01-03-96 AT 13:41:32 RT : 50014.7 LT
No detector description was entered
NOPI-421~PWD Th 1/4/96

RANGE 72 = 3.94MeV  to 108 = 4.04MeV
AREA : Grosg = 115 Net = 78 +/- 16
CENTROID : 100.75 = 4.02MeV

SHAPE : Fwhm = Q.00HMeV Futm = @.04MeV

ID : No close library match

RANGE 271 = 4.49MeV  to 356 = 4.72MeV
AREA : Grosg = 32467 Net = 32136 +/- 191
CENTROID : 338.12 = 4.67M4eV

SHAPE : Fwhm = ?.04MeV Fwtm = ©.12MeV

ID : No close library match

RANGE : 547 = 5.25MeV Lo 623 = 5.46MeV
AREA : Gross = 10986 Net = 10704 +/- 118
CENTROID : 605.95 = 5.41HeV

SHAPE : Fwhm = ®.04MeV Fwtm = @.13MeV

ID : No c¢lose libhrary match

RANGE 658 = 5.55MeV  to 715 = 5.71MeV
AREA : Gross = 2400 Net = 1831 +/~ B2
CENTROID : 699.38 = 5.67HMeV

SHAPE : Fwhm = ®.05MeV Fwtm = ©.09MeV

ID : No close library match

NEIXARI
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U and Th Isotope Activities

Sample # NOPI-423-PWDA

NOPI-423-PWDA

FILENAME=

Sep. date | 12/28/95

NP423PUA.CHN
NP423PTA.CHN

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)
| 0779 | 1.0067 | 454.83 | 1/22/93 | 1070 [442.18188] Th-228/U-232=( 0.7188892
Counting time for Th=f 833.33 {mins.) Counting time for U=] 1183.87 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0061702
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 168 | 15117 | 10449 | 2103 | | 1609 | 1863 | 1960 |
Bkgd Bkad Bkgd bkgd bkgd bkgd bkgd
| 0 [ 1 | 5 | 22 | | 5 | 6 | 10 |
Th-232~ Th-230* Th-228sp Ra-224* U-238* uU-234* U-232sp
counts counts counts counts counts counts counts
[ 168 | 15116 [10230.382] 2081 | [ 1604 | 1857 [1938.0419]
U-238(dpm/g)=| 472.93859 | + [ 15.91007
U-234(dpm/g)=| 547.53551 | + | 17.71658
Th-232(dpm/g)=| 6.7459474 | + | 0.524628
Th-230(dpm/g)=| 606.97465 | + | 7.722035
U-234/U-238=| 1.1577307 | £ | 0.039402
Th-230/U-234=| 1.1085576 | = | 0.02722
Th-230/Th-232=| 89.97619 | + | 6.980281
U234/Th-232={ 81.165102 | + [ 6.836712
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 633952.24
(m-1)
Th(ppb)= | 27608.619
Spike 26A  Spike 26B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3182.2167 317.87979 31.771253

Page 1



O # 11-1

O # 11-2

O # 11-3

ACQ ©1-063-96 AT 13:41:32 RT : 71@49.6 LT
No detector description was entered
NOPI-~423~-PWD U 1/4/96

RANGE : 94 = 4.,10MeV  to 167 = 4,26MeV
AREA : Gross = 1757 Net = 1669 +/~ 57
CENTROID : 144.48 = 4.21MeV

SHAPE : Fwhm = ?.03MeV Fwtm = @.09MeV

ID : No c¢loge library match

RANGE 342 = 4.674MeV  to 414 = 4.83MeV
AREA : Gross = 2215 , Net = 1863 +/~- 76
CENTROID : 395,38 = 4.79MeV

SHAPE : Fwhn = Q.04MeV Fwtm = @.14MeV

ID : No close library wmatch

RANGE : 582 = 5.22MeV to 654 = 5, 38MeV
AREA : Gross = 2325 Net = 1960 +/~ 78
CENTROID : 632.38 = 5.33MeV

SHAPE : Fyhm = 0.04MeV Fwtm = @.11MeV

ID : No close library match

NP

71032.3

42 3Push M
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B # 2 ACQ @1-03-96 AT 13:42:25 RT : 50004.9 LT : 50000.0
No detector desgcription was entered
NOPI~-423~PWD Th 1/4/9%6

01 ¥ 1-1 RANGE : 159 = 3.95MeV  to 215 = 4.02MeV
AREA : Gross = 224 Net = 168 +/- 25
CENTROID : 196.33 = 4.00MeV
SHAPE : Fwhm = @.00HMeV Fwtm = @.01MeV

ID : No close library match

or #  1-2 RANGE - 583 = 4.53MeV to 723 = 4.72MeV
AREA : Gross = 15611 Net = 15117 +/- 162

CENTROID : 692.37 = 4.68MeV
SHAPE : Fwhn = Q.04MeV Fwtm = ©.12MeV

ID : No c¢logse library match

RANGE : 1137 = 5.29MeV to 1278 = 5.48HMeV
AREA : Gross = 10994 Net = 10449 +/- 151
CENTROID : 1245.76 = 5.44HMeV

SHAPE : Fwhn = @.04MeV Fytm = Q.08MeV

ID : No close library match

O # 1-4 RANGHE : 1378 = 5.62MeV  to 1471 = 5.74MeV
AREA : Gross = 2479 Net = 2103 +/=- 87
CENTROID : 1438.57 = 5.70MeV
SHAPE : Fwhm = Q.05MeV Futm = 0.09MeV

ID : No c¢lose library match



NOPI-425-PWDA

FILENAME= NP425PA.CHN

NP425PTA.CHN

Sep.date | 12/14/95

U and Th Isotope Activities

Sample # NOPI-425-PWDA

/

Analyst JDP
Sample Spike u-232 Ref. date  Days biwn u-232*
weight (g} weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| o0.665 | 1.0076 454.83 | 1/22/93 | 1056 |442.34508| Th-228/U-232=( 0.7139879
Counting time for Th=] 833.33 (mins.) Counting time for U=| 1184.22 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=[ 0.9937803 CF for U-232=| 1.0061703
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
I 121 | 10120 | 10604 | 2865 | | 4250 | 4990 | 7242 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ [ e [ 10 [ 10 | L3 | 6 | 8 1
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 120 | 10114 [10388.042] 2855 | | 4247 | 4984 [7189.6377]
U-238(dpm/g)=| 395.91592 [ + | 7.650275
U-234(dpm/g)=| 464.6209 [ + | 8.548068
Th-232(dpm/g)=| 5§.5279752 | + | 0.505402
Th-230(dpm/g)=| 465.91618 | £ | 6.474697
U-234/U-238=| 1.1735343 | + | 0.024496
Th-230/U-234=| 1.0027878 | + | 0.017346
Th-230/Th-232=| 84.283333 | + | 7.707791
U234/Th-232=| 84.04902 | + | 7.838332
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |[530706.93
(m-1)
Th(ppb)= | 22623.918
Spike 26A  Spike 26B  Spide 25C
10/9/92

Th-228 (dpm/g)=

3161.687 315.82902 31.566284

Page 1



ppL SR #

B # 1 ACQ 01-03-9%6 AT 13:;41.32 RT : 71070.9 LT « 710853.5
No detector description was entered
NOPI~-425-PWD U 1/4/96

0T # 12-1 RANGE : 65 = 4.03MeV to 164 = 4.26MeV
AREA : Grogs = 4550 Net = 4250 +/- 95
CENTROID : 135.47 = 4.19MeV
SHAPE : Fwvhm = ?.09MeV Fwtm = @.17HeV

ID : No close library match

O # 12-2 RANGE : 311 = 4.60MeV to 412 = 4.83HMeV

AREA : Gross = 5517 Net = 4990 +/- 116
CENTROID : 382.11 = 4.76MeV
SHAPE : Fwhn = Q.10MeV Fwtm = @.16MeV

ID : No close library match

12-3 RANGE : 565 = 5.19HMeV to 651 = 5.38MeV
AREA : Gross = 9243 Net = 7242 +/~- 185
CENTROID : 623.44 = 5.32MeV
SHAPE : Fwhn = @.99MeV Fwtm = 0.14MeV

ID : No c¢loge library match



01

ACO 01-93-96 AT 13:42:25 RT : 50004.9 LT : 50000.0
No detector description was entered
NOPI~425-PWD Th 1/4/96

RANGE : 164 = 3.95MeV to 222 = 4,Q03MeV
AREA : Gross = 151 Net = 121 +/~ 20
CENTROID : 208.27 = 4,01HeV

SHAPE : Fuwhm = @.01HMeV Fwtm = @.03MeV

ID : No close library match

RANGE : 616 = 4.55MeV  to 739 = 4.71MeV
AREA : Gross = 10430 Net = 10120 +/- 127
CENTROID : 712.77 = 4.68MeV

SHAPE : ¥Fwhm = 0.03MeV Fwtm = ©.11MeV

IND ¢ No e¢loge lihrary match

RANGE : 1169 = 5.28MeV  to 1303 = 5.46MeV
AREA : Gross = 11117 Net = 10604 +/~ 147
CENTROID : 1273.99 = 5.42MeV

SHAPE : Fwhm = ©.03MeV Fwtm = Q.06MeV

ID : No c¢lose library match

RANGE : 1464 = 5.60MeV  to 1501 = 5.73MeV
AREA : Gross = 3242 Net = 2865 +/- 93
CENTROID : 1467.55 = 5.68HMeV

SHAPE : Fwhm = 9.04MeV Fwtm = 0.08MeV

ID : No close library match



NOPI-417-PWD

U and Th Isotope Activities FILENAME= NP417PU.CHN
NP417PTH.CHN
Sample # NOPI-417-PWD Sep. date | 12/14/95
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)
[ 07272 | 1.0152 | 454.83 | 1/22/93 | 1056 [ 442.34508] Th-228/U-232=| 0.7139879
Counting time for Th=| 833.33 (mins.) Counting time for U=] 1053.01 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=( 1.0061266
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 174 [ 138380 | 16934 | 2953 | | 2213 | 2305 | 309 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ | =2 ] & | 38 1] 2 | 4 ] 21 ]
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 173 [ 138378 [16701.605] 2950 | [ 2211 | 2301 [286.24628]
U-238(dpm/g)=| 4769.8841 | + | 289.6746
U-234(dpm/g)=| 4964.045 | + [ 300.7279
Th-232(dpm/g)=| 4.5670698 | £ | 0.348003
Th-230(dpm/g)=| 3653.0751 | £ | 29.74044
U-234/U-238=| 1.0407056 | £ | 0.030972
Th-230/U-234=| 0.7359069 | + | 0.015455
Th-230/Th-232=| 799.87283 | £+ | 60.67631
U234/Th-232=| 1086.9212 | + | 105.8075

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= | 6393808.4
(m-1)
Th(ppb)= | 18691.295

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 3161.687 315.82902 31.566284
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NPT PU R

I[CB # 1 ACQ 12-20-95 AT 15:21:30 RT : 63196.9 LT : 63180.4
No detector description was entered
NOPI-417-PWD U 12/21/95

oL $ 7-1 RANGE : 75 = 4.07MeV  to 160 = 4.27MeV
AREA : Grogs = 2214 Net = 2213 +/~ 47
CENTROID : 133.79 = 4.21MeV
SHAPE : Fwhm = @.04MeV Futm = ?.10MeV
ID : No c¢lose library match

o1 # 7-2 RANGE 329 = 4.66MeV to 4067 = 4.84MeV

' AREA : Gross = 2448 Net = 2305 +/~ 64

CENTROID : 383.88 = 4.79HMeV
SHAPE : Fwhm = Q.04MeV Fwtm = 0.14MeV
ID : No close library match
RANGE : 583 = 5.25MeV to 641 = 5.39MeV
AREA : Gross = 426 Net = 309 +/~ 37
CENTROID : 618.22 = 5.33MeV
SHAPE : Fwhm = ©.01MeV Fwtm = Q.09MeV

ID : No close library match



,\)pu{\'{ PTh.CHW

ACQ 12-20-95 AT 15:21:30 RT : 50015.2 LT : 50000.0
No detector description was entered
NOPI-417-PWD Th 12/21/95

or # 2-1 RANGE 54 = 3.94MeV to 96 = 4.04MeV
AREA : Grosgs = 302 Net = 174 +/- 31
CENTROID : 76.55 = 3.99MeV
SHAPE : Fwhm = @.01MeV Futm = @.05MeV

ID : No close library match

oT # 2-2 RANGE 250 = 4.44MeV  to 365 = 4.73MeV
AREA : Gross = 139888 Net = 138380 +/- 407
CENTROID : 345.57 = 4.68MeV
SHAPE : Fwhm = 0.05MeV Fwtm = @.14MeV
ID : No close library match

or #  2-3 RANGE 574 = 5.26HMeV to 664 = 5.49MeV
AREA : Gross = 17541 Net = 16934 +/- 16@
CENTROID : 642.45 = 5.44MeV
SHAPE : Fwhm = Q.04MeV Fwtm = @.14MeV
ID : No close library match

Ol # 2-4 RANGE : 711 = 5.61MeV to 769 = 5.76MeV
AREA : Gross = 4546 Net = 2953 +/- 130
CENTROID : 745.87 = 5.70MeV
SHAPE : Fwhn = 0.05MeV Fwtm = 0.10MeV

ID : No close library match

T



NOPI-418-PWD

U and Th Isotope Activities FILENAME= NP418PU.CHN
NP418PTH.CHN
Sample # NOPI-418-PWD Sep.date | 12/14/95
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)
| 05744 | 1.0032 | 454.83 | 1/22/93 | 1056 |442.34508| Th-228/U-232=]| 0.7139879
Counting time for Th=| 833.33 (mins.) Counting time for U=| 1053.9 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=]| 0.9937803 CF for U-232=| 1.0061269
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 119 | 288451 | 17728 | 2558 | | 2724 | 3200 | 312 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ 1 12 [ o [ 7 | L2 [ 2 | 6 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 118 | 288439 [17575.848] 2551 | 2722 | 3198 [304.13658]
U-238(dpm/g)=| 6914.3881 | + | 413.2604
U-234(dpm/g)=| 8123.5169 | + | 481.8025
Th-232(dpm/g)=| 3.7033166 | + | 0.34062
Th-230(dpm/g)=| 9052.3809 | + | 70.04621
U-234/U-238=| 1.1748714 | + | 0.030628
Th-230/U-234=| 1.1143426 | + | 0.019808
Th-230/Th-232=| 2444.3983 | + | 224.1238
U234/Th-232=| 2193.5788 | + | 240.0681

Decay U-238 Th-232

constant  2.948E-16 9.413E-17 U(ppb)= | 9268416.4
(m-1)
Th(ppb)= | 15156.278
Spike 25A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 3161.687 315.82902 31.566284
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g perdfie
ACQ 12-20-95 AT 15:21:30 RT : 63252.¢ LT 63236.5
No detector description was entered
NOPI-418-PWD U 12/21/95%
RANGE : 70 = 4.05MeV  to 154 = 4.25MeV
AREA : Grossg = 2852 Net = 2724 +/~ 66
CENTROID : 131.65 = 4.,20MeV
SHAPE : Fwhm = @.07MeV Fwtm = @.13MeV
ID : No close library match
RANGE : 328 = 4.65MeV  to 4¢5 = 4.83MeV
AREA : Gross = 3915 Net = 3200 +/= 109
CENTROID : 381.87 = = 4.78MeV
SHAPE : Fwhm = 0.06MeV Fwtm = @.15MeV

ID : No close library match

RANGE : 571 = 5.22HMeV  to 645 = 5.39MeV
AREA : Gross = 352 Net = 314 +/=- 27
CENTROID : 626.84 = 5.35MeV

SHAPE : Fwhm = Q.01MeV Fwtm = @.12MeV

ID : No c¢lose library match



NP"“X PTh - C tHw)

B # 1 ACQ 12-20-95 AT 15:21:30 RT : 500815.2 LT : 50000.0
No detector description was entered
NOPI-418~-PWD Th 12/21/95

oL # 4-1 RANGE : 93 = 3.94MeV  to 130 = 4.04MeV
AREA : Gross = 271 Net = 119 +/~- 30
CENTROID : 119.44 = 4.01MeV
SHAPE : Fwhm = @.01MeV Fwtm = Q.06MeV

ID : No close library match

or # 4-2 RANGE : 251 = 4.37MeV  to 387 = 4.74MeV
AREA : Gross = 289684 Net = 288451 +/- 562
CENTROID : 365.17 = 4.68MeV
SHAPE : Fwhm = 0.05MeV Fwtm = 0.14MeV
ID : No c¢lose library match
oI # 4-3 RANGE : 585 = 5.28HMeV to 661 = 5.49MeV
S AREA : Gross = 186052 Net = 17728 +/~- 169
e CENTROID : 643.00 = 5.44MeV
SHAPE : Fwhm = @.04MeV Fwtm = @.14MeV

ID : No close library match

0 # 4-4 RANGE : 700 = 5.59MeV  to 762 = 5.76MeV
AREA : Gross = 6244 Net = 2558 +/- 194
CENTROID : 741.02 = 5.70MeV
SHAPE : Fwhnm = @.095MeV Fwtm = @.11MeV

ID : No c¢lose library match



NOPI-420-PWD

U and Th Isotope Activities FILENAME= NP420PU.CHN
NP420PTH.CHN
Sample # NOPI-420-PWD Sep. date | 12/14/95
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)
| o0.7867 | 1.0064 | 454.83 | 1/22/93 | 1056 [ 442.34508] Th-228/U-232=| 0.7139879
Counting time for Th=] 833.33 (mins.) Counting time for U=| 1054.5 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=[ 1.0061271
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 259 | 56363 | 17323 | 2556 | | 2172 | 2436 | 1183 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ 1 8 1 =2 | 1+ | L2 | 3 | 12 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 258 | 56360 [17035.144] 2555 | | 2170 | 2433 [1163.8688]
( U-238(dpm/g)=| 1055.0629 | + [ 38.12434
\f‘;:f.,'- U-234(dpm/g)=| 1182.9346 | + | 41.92027
Th-232(dpm/g)=| 6.1190981 | + | 0.383054
Th-230(dpm/g)=| 1336.7146 | + | 11.61242
U-234/U-238=| 1.1211982 | + | 0.033088
Th-230/U-234=| 1.1299987 | = | 0.023384
Th-230/Th-232=| 218.44961 | + | 13.60495
U234/Th-232=| 193.31846 | + | 13.90623
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 1414262.9
(m-1)
Th{ppb)= | 25043.161
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3161.687 315.82902 31.566284
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opyzo U™

ACQ 12-20-95 AT 15:21:30 RT : 63285.6 LT . 63270.1
No detector description was entered
NOPI~-420~-PWD U 12/21/95

RANGE : 82 = 4.07MeV  to 160 = 4.25MeV
AREA : Gross = 2449 Net = 2172 +/- 74
CENTROID : 139.72 = 4.,20MeV

SHAPE : Fwhm = Q.06HMeV Fwtm = Q.12MeV

ID : No close library match

RANGE : 335 = 4.66MeV to 410 = 4.83MeV
AREA : Gross = 3475 Net = 2436 +/~- 121
CENTROID : 390.11 = 4.79MeV

SHAPE : Fwhm = Q.03MeV Fwtm = Q.14MeV

ID : No c¢lose library match

RANGE : 576 = 5.22MeV  to 649 = 5.39MeV
AREA : Gross = 1468 Net = 1183 +/~ 66
CENTROID : 625.95 = 5.34MeV

SHAPE : Fwhm = 9.905MeV Fwtm = ©.13MeV

ID : No close library match



OI

ACQ 12-20-95 AT 15:21:30 RT : 50015.2 LT
No detector description was entered
NOPI-420~-PWD Th 12/21/95

RANGE : 68 = 3.93MeV to 115 = 4.05MeV
AREA : Gross = 345 Net = 259 +/=- 29
CENTROID : 1©1.92 = 4.91MeV

SHAPE : Fwhm = Q.00MeV Fwitm = @.08MeV

ID : No close library match

RANGE 258 = 4.41MeV  to 384 = 4.,72MeV
AREA : Gross = 56787 Net = 56363 +/~ 255
CENTROID : 364.19 = 4,67HeV

SHAPE : Fwhm = @.05MeV Fwtm = Q.13MeV

ID : No c¢loge library match

RANGE 590 = 5.25MeV to 682 = 5.48HeV
AREA : Gross = 17756 Net = 17323 +/- 154
CENTROID : 66©.83 = 5.42MeV

SHAPE : Fwhm = ©.04MeV Fwtm = @.14MeV

ID : No c¢lose library match

RANGE : 722 = 5.58MeV to 784 = 5.74MeV
AREA : Gross = 3459 Net = 2556 +/- 106
CENTROID : 763.01 = 5.68MeV

SHAPE : Fwhm = 0.06MeV Fwtm = @.11MeV

ID : No close library match

ppdzofth

50000.0

.c Hw



NOPI-421-PWD

U and Th Isotope Activities FILENAME= NP421PU.CHN
NP421PTH.CHN
Sample # NOPI-421-PWD Sep. date | 12/14/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) {(dpm/g) of spike  ref. and sep. (dpm/qg)
| 0.4513 | 1.0078 | 454.83 | 1/22/93 | 1056 | 442.34508] Th-228/U-232=| 0.7139879
Counting time for Th=] 833.33 (mins.) Counting time for U=] 1055.1 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=} 0.9937803 CF for U-232=| 1.0061273
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
I 110 | 41647 | 12877 | 2344 | | 3801 | 3897 | 1468 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L2 | 7z | =2 | 1 | L2 [ 38 [ 12 |
Th-232* Th-230* Th-228sp Ra-224* U-238* u-234~ U-232sp
counts counts counts counts counts counts counts
[ 108 | 41640 [12722.624]| 2343 | | 3799 | 3894 [ 1447.133]
U-238(dpm/g)=| 2593.1705 | + | 79.68622
U-234(dpm/g)=| 2658.0168 | + | 81.39812
Th-232(dpm/g)=| 5.9869842 | + | 0.57327
Th-230(dpm/g)=| 2308.315 | + 23.275
U-234/U-238=| 1.0250066 | + | 0.023367
Th-230/U-234=| 0.8684351 | = | 0.014548
Th-230/Th-232=| 385.55556 | £+ | 36.8098
U234/Th-232=| 443.9659 | + | 44.6321
Decay uU-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 3476024.8
(m-1)

Th{ppb)= | 24502.469

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 3161.687 315.82902 31.566284

Page 1



0L # 10-1

0L # 10-2

oI # 10-3

ACQ 12~20-~-95 AT 15:21:30 RT : 63321.5 LT
No detector description was entered
NOPI~-421~PWD U 12/21/95

RANGE : 56 = 4.04MeV to 145 = 4.25MeV
ARFA : Gross = 5@32 Net = 3801 +/- 145
CENTROID : 117.13 = 4.19MeV

SHAPE : Fwhm = Q.09MeV Fwtm = @.15MeV

ID : No c¢lose library match

RANGE : 304 = 4.63MeV  to 400 = 4.85MeV
AREA : Gross = 5562 Net = 3897 +/- 171
CENTROID : 367.17 = . 4.78MeV

SHAPE : Fwhm = @.09MeV Fwtm = @.15MeV

ID : No close library match

RANGE : 571 = 5.26MeV to 628 = 5.39MeV
AREA : Gross = 2357 Net = 1468 +/- 96
CENTROID : 604.95 = 5.34MeV

SHAPE : Fwhm = ®.05MeV Fwtm = 0.11MeV

ID : No close library match

NI e S

63306.0



LA P

ACQ 12-~20-95 AT 15:21:30 RT : 50015.2 LT : 50000.0
No detector description was entered
NOPI~-421-PWD Th 12/21/95

O # 6-1 RANGE : 70 = 3.94MeV to 106 = 4.03MeV
AREA : Gross = 147 Net = 11@ +/~ 17
CENTROID : 89.00 = 3.99MeV
SHAPE : Fwhm = Q.00MeV Fwtm = @.68MeV
ID : No close library match
ol # 6-2 RANGE 217 = 4.34MeV  to 357 = 4.73MeV
AREA : Gross = 41788 Net = 41647 +/- 212
CENTROID : 335.23 = 4.67HMeV
SHAPE : Fwhm = 0.09MeV Fwtm = ©.16MeV
ID : No close library match
oI ¥ 6-3 RANGE : 539 = 5.23MeV to 621 = 5.45MeV
e AREA : Gross = 13874 Net = 12877 +/- 160
Qgﬂ CENTROID : 603.34 = 5.40HMeV
o SHAPE : Fwhm = ©.95MeV Fwtm = Q.15MeV
ID : No close library match
oI # ¢6-4 RANGE : 651 = 5,.54MeV Lo 714 = 5.71MeV
AREA : Gross = 3186 Net = 2344 +/- 102
CENTROID : 696.36 = 5.66MeV
SHAPE : Fwhnm = ©.07MeV Fwtm = ©.12MeV

ID : No close library match



NOPI-423-PWD

U and Th Isotope Activities FILENAME= NP423PU.CHN
NP423PTH.CHN
Sample # NOPI-423-PWD Sep. date | 12/14/95
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)
| 0779 | 1.0067 | 454.83 | 1/22/93 | 1056 [ 442.34508] Th-228/U-232=| 0.7139879
Counting time for Th=} 833.33 (mins.) Counting time for U=] 1055.6 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0061275
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 185 [ 14125 | 9761 | 1968 | | 3956 [ 4321 | 4973 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 1 | 5 | 22 | | 5 | 6 | 10 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 185 | 14124 [9528.2759| 1946 | 3951 | 4315 ]4932.7745]
U-238(dpm/g)=]| 457.86724 | + | 9.754469
U-234(dpm/g)=| 500.0499 | + | 10.39952
Th-232(dpm/g)=| 7.9245032 | = | 0.588116
Th-230(dpm/g)=| 605.00369 | + | 7.963213
U-234/U-238=| 1.0921286 | + | 0.024032
Th-230/U-234=| 1.2098866 | + | 0.021033
Th-230/Th-232=| 76.345946 | = [ 5.649704
U234/Th-232=] 63.101735 | + [ 4.863489

Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= 613749.8
(m-1)

Th(ppb)= [ 32432.003

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 3161.687 315.82902 31.566284

Page 1



Pz

Cﬁﬁf 1 ACQ 12-20-95 AT 15:21:31 RT : 63350.0 LT : 63334.4
“ No detector description was entered
NOPI-423-PWD U 12/21/95

oI § 11-1 RANGE : 78 = 4.96MeV to 167 = 4.26MeV
AREA : Gross = 4091 Net = 3956 +/- 76
CENTROID : 138.93 = 4.20MeV
SHAPE : Fwhm = Q.08MeV Fwtm = @.13MeV

ID : No close library match

oI # 11-2 RANGE 335 = 4.65MeV  to 417 = 4.84MeV
AREA : Gross = 4721 Net = 4321 +/- 97
CENTROID : 389.71 = - 4.,78MeV
SHAPE : Fwhm = 0.07MeV Fwtm = @.14MeV
ID : No close library match

O # 11-3 RANGE : 571 = 5.19MeV  to 653 = 5.38MeV
AREA : Gross = 5414 Net = 4973 +/- 103
CENTROID : 627.20 = 5.32MeV
SHAPE : Fwhm = 0.08MeV Fwtm = ©.13MeV

ID : No c¢lose library match



— Hw
opez® ET

ACQ 12-206-95 AT 15:22:40 RT : 50007.1 LT : 50000.0
No detector description was entered
NOPI-423-PWD Th 12/21/95

O # 1-1 RANGE : 155 = 3.94MeV to 212 = 4.,02MeV
AREA : Gross = 242 Net = 1885 +/—- 26
CENTROID : 191.62 = 3.99MeV
SHAPE : Fwhm = &.00MeV Fwtm = @.02MeV

ID : No c¢lose library match

oL # 1-2 RANGE : 561 = 4.50MeV to 717 = 4.71MeV
AREA : Gross = 15513 Net = 14125 +/~- 221
CENTROID : 691.13 = 4.68MeV
SHAPE : Fwhm = @.05MeV Fwtm = @.13M4eV

ID : No close library match

oI # 1-3 RANGE : 1122 = 5.27MeV  to 1272 = 5.47MeV
AREA : Gross = 10768 Net = 9761 +/~ 185
CENTROID : 1244.40 = 5.43MeV

SHAPE : Fwhm = Q.04MeV Fwtm = 0.14MeV

ID : No close library match

O # 1-4 RANGE : 1356 = 5.59MeV  to 1465 = 5.74MeV
AREA : Gross = 2408 Net = 1968 +/- 98
CENTROID : 1438.26 = 5.70MeV
SHAPLE : Fwhm = Q.05MeV Fwtm = @.11MeV

ID : No c¢lose library match



U and Th Isotope Activities

Sample # NOPI-425-PWD

NOPI-425-PWD

FILENAME= NP425PU.CHN

NP425PTH.CHN

Sep. date | 12/14/95

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)
| o0.665 | 1.0076 | 454.83 | 1/22/93 | 1056 |442.34508| Th-228/U-232=| 0.7139879
Counting time for Th=| 833.33 (mins.) Counting time for U=| 1056.5 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9937803 CF for U-232=| 1.0061278
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 206 [ 19267 | 19343 | 2973 | 282 | 346 | 511 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 1 | 6 | 10 | 10 | 3 | 6 | 8 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 205 | 19261 [19090.977| 2963 | 279 | 340 | 499.9365 |
U-238(dpm/g)=| 374.03916 | + | 27.74717
U-234(dpm/g)=| 455.81833 | + [ 31.73465
Th-232(dpm/g)=| 5.1385934 | + | 0.359924
Th-230(dpm/g)=| 482.80219 | + [ 4.91417
U-234/U-238=| 1.218638 | + | 0.097767
Th-230/U-234=| 1.05691987 | + | 0.057452
Th-230/Th-232=| 93.956098 | + | 6.581134
U234/Th-232=| 88.704883 | + [ 8.760337
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [ 501382.14
(m-1)
Th(ppb)= [21030.325
Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 3161.687 315.82902 31.566284

Page 1



0T

ACQ 12-26-95 AT 15:21:31 RT : 63406.9 LT
No detector description was entered
NOPI-425-PWD U 12/21/95

RANGE : 193 = 4.11MeV to 163 = 4.25MeV
AREA : Gross = 313 Net = 282 +/- 24
CENTROID : 145.86 = 4.21MeV

SHAPE : Fwhm = Q.02MeV Fwtm = 9.07MeV

ID : No close library match

RANGE : 337 = 4.66MeV  to 409 = 4.82MeV
AREA : Gross = 441 Net = 346 +/- 38
CENTROID : 389.90 = 4.78MeV

SHAPE : Fwhm = 0.01MeV Fwtm = ©.08MeV

ID : No close library match

RANGE : 581 = 5.22MeV Lo 649 = 5.38MeV
AREA : Gross = 590 Net = 511 +/- 37
CENTROID : 629.64 = 5.34MeV

SHAPE : Fwhm = @.03MeV Fwtm = @.11MeV

ID : No close library match

op425°

63391.3

WL



01X

#

|x%]
i
5]

ACQ 12-20-95 AT 15:22:40 RT
No detector description was entered
NOPI-425-PWD Th 12/21/95

RANGE 161 = 3.94MeV  to 226 =
AREA : Gross = 272 Net = 206
CENTROID 200.33 = 4.,00MeV
SHAPE Fwhm = Q.00MeV Futm =
ID : No close library match

RANGE 543 = 4.45MeV  to 738 =
AREA Gross = 19561 Net = 19267
CENTROID 707.43 = 4.67MeV
SHAPE Fwhm = Q.04MeV Fwtm =
ID : No close library match

RANGE 1135 = 5.24MeV  to 1301 =
AREA Gross = 20064 Net = 19343
CENTROID 1267.63 = 5.42MeV
SHAPE Fwhm = 0.05MeV Fwtm =
ID : No close libhrary match

RANGE 1363 = 5.54MeV  to 1494 =
AREA Gross = 3633 Net = 2973
CENTROID 1465.44 = 5.68MeV
SHAPE Fwhm = @.06MeV Fwtm =

ID :+ No c¢losge library match

50007.

U\)Mzgﬁ\,\.cv\ ®

2 LT 50000.0

4.03MeV
+/- 29
.Q3MeV
4.71HeV
+/- 169
. 14MeV
5.46MeV
+/~ 197
.15MeV
5.72MeV
+/- 130
. 10MeV



U and Th Isotope Activities

Sample # NOPI-494-SEP1

NOPI-494-SEP1A

FILENAME= NP4941AU.CHN

NP4941ATH.CHN

Sep.date | 10/11/95

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)
| o0.0705 | 0.9161 454.83 | 1/22/93 | 992 [443.09189] Th-228/U-232=| 0.6908113
Counting time for Th=] 1666.81 (mins.) Counting time for U= 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232=| 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 [ 35610 | 145 | 660 | 12629 13088 | 211 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 16 | 25 | 25 | 22 29 | 23 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
I 0 | 35594 [86.566164]| 635 | [ 12607 13059 |187.53364|
U-238(dpm/g)=| 387061.64| + | 26868.1
U-234(dpm/g)=| 400939 + | 27823.38
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 1635443.8| + [ 136092.4
U-234/U-238=| 1.0358531 | + | 0.012921
Th-230/U-234=| 4.0790339| + | 0.041696
Th-230/Th-232=] #DI1V/0! + | #DIV/0!
U234/Th-232= #DIV/0! + | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |518838168
{m-1)
Thippo)= [ 0 |
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182
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U and Th Isotope Activities

Sample # NOPI-494-SEP1

NOPI-494-SEP1B

FILENAME= NP4941BU.CHN

NP4941BTH.CHN

Sep. date | 10/11/95

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)
| o.0705 | 0.9161 | 454.83 | 1/22/93 | 992 |443.09189| Th-228/U-232=| 0.6908113
Counting time for Th=] 1666.81 (mins.) Counting time for U=] 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232={ 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 [ 103032 | 935 | 1677 | | 14115 14494 | 187 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 7 I 0 | 0 | | 3 3 | 12 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
l 0 | 103025 [848.28624| 1677 | [ 14112 14491 [174.56589]
U-238(dpm/g)=| 465453.98 | + | 34262.09
U-234(dpm/g)=| 477954.48| + | 35176.24
Th-232(dpm/g)= 0 + | #Div/0!
Th-230(dpm/g)=| 483066.8 | + | 15869.49
U-234/U-238=| 1.0268566 | + | 0.012143
Th-230/U-234=] 1.0106963 | + { 0.008966
Th-230/Th-232=| _#DIV/0! | + [ #DIV/0!
U234/Th-232=] #DIV/0! | + [ #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |623919462
{m-1)
Thippb)= [ 0 ]
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182
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NOPI-494-SEP1C

FILENAME= NP4941CU.CHN

NP4941CT.CHN

Sep. date 3/4/96

U and Th Isotope Activities

Sample # NOPI-494-SEP1C

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)
| o.0705 | 3.7507 | 4553.22 [ 1/22/93 | 1137 |4418.792| Th-228/U-232=| 0.7415408
Counting time for Th=] 333.33 (mins.) Counting time for U=| 416.67 (mins.)
Days btwn. sep. and count.= 3 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9969139 CF for U-232=]| 1.0030317
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 | 12580 | 423987 | 66064 3491 | 3289 | 110896 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 2 | 5 | 4 1 | 1 [ 11 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 12578 |421782.48| 66060 | 3490 | 3288 [110549.85]
U-238(dpm/g)=| 7421.54 | + | 127.5703
U-234(dpm/g)=| 6991.984 | £ | 123.7129
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 5198.582 | + | 47.03203
U-234/U-238=| 0.94212 | + | 0.022894
Th-230/U-234=| 0.743506 | + | 0.014561
Th-230/Th-232=| #DIV/0! | + | #DIV/0!
U234/Th-232= #DIV/0! | £ | #DIV/Q!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 9948230
(m-1)
Thippb)= [0 |
Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 3276.7145 327.31941 32.714719
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NOPI-494-SEP2A

U and Th Isotope Activities FILENAME= NP4942AU.CHN
NP4942ATH.CHN
Sample # NOPI-494-SEP2 Sep. date | 10/11/95
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)
| o0.0480 | 0.9087 | 454.83 I 1/22/93 | 992 |443.09189| Th-228/U-232=[ 0.6908113
Counting time for Th=] 1666.81 (mins.) Counting time for U=} 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232=| 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts o counts counts counts
| 0 [ 10748 | 177 | 1122 | | 12759 | 12740 | 234 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 13 | 50 | 35 | I 10 | 4 | 35 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 10735 |69.566733] 1087 | 12749 | 12736 |198.50636]
U-238(dpm/g)=| 528819.15| + | 34885.56
U-234(dpm/g)=| 528279.92| + | 34850.45
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 877738.88| + | 66515.92
U-234/U-238=| 0.9989803} + [ 0.012512
Th-230/U-234=| 1.6615034 | + [ 0.021761
Th-230/Th-232=| #DIV/0! + | #DIV/0!
U234/Th-232=| #DIV/0! = |_#DIV/0!

Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)=
(m-1)
Thippb)= [0 ]
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182
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U and Th Isotope Activities

Sample # NOPI-494-SEP2

NOPI-494-SEP2B

FILENAME= NP4942BU.CHN

NP4942BTH.CHN

Sep.date | 10/11/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
[To0.0489 | 0.9087 | 454.83 | 1/22/93 | 992 |443.09189] Th-228/U-232=| 0.6908113
Counting time for Th=] 1666.81 (mins.) Counting time for U=| 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232=[ 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 [ 22078 | 415 | 7077 | 12017 12116 | 278 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 13 | 50 | 35 | 2 3 | 13 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 22265 | -8.24707 | 7042 | 12015 12113 | 264.34263 |
U-238(dpm/g)=| 374250.19| + | 22704.18
U-234(dpm/g)=[377302.75| + | 22887.25
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| -15356347| + | -760802
U-234/U-238=( 1.0081565( + | 0.012979
Th-230/U-234=| -40.70033 | £ | -0.45943
Th-230/Th-232=] #DIV/0! + | #Div/0!
U234/Th-232= #DIV/Q! + { #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [501665018
(m-1)
Thepb)= [0 ]
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182

N
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NOPI-494-SEP2C

U and Th Isotope Activities FILENAME= NP4942CU.CHN

NP4942CT.CHN

Sample # NOPI-494-SEP2C

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)
[T0.0489 | 42977 | 4553.22 | 1/22/93 | 1132 | 4419.374 | Th-228/U-232=| 0.7398947
Counting time for Th=| 416.67 (mins.) Counting time for U=] 416.67 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9949094 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
| 0 | 76 | 755240 | 154278 | ~ | 8408 [ 3430 | 194257 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
Lo [ 2 [ 5 1 4 ] L + [ 11 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 74  [750880.92] 154274 | 3407 | 3429 [193288.32]
U-238(dpm/g)=| 6846.278 | + | 118.2991
U-234(dpm/g)=| 6890.486 | + | 118.6871
Th-232(dpm/g)= 0 + [ #DIV/0!
Th-230(dpm/g)=| 28.32165 | + | 3.24888
U-234/U-238=| 1.006457 | =+ | 0.024342
Th-230/U-234=| 0.00411 | + | 0.000477
Th-230/Th-232=| #DIV/01 | + | #DIV/Q!
U234/Th-232=| #DIV/0! | + | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 9177118
(m-1)
Thippb)= [0 |
Spike 26A  Spike 26B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3269.8716 326.63585 32.646399
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NOPI-494-SEP3A

FILENAME= NP4943AU.CHN

NP4943ATH.CHN

Sep. date | 10/11/95

U and Th Isotope Activities

Sample # NOPI-494-SEP3

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)
[ 0.0353 | 0.9088 | 454.83 [ 1/22/93 | 992 [443.09189] Th-228/U-232=( 0.6908113
Counting time for Th=] 1666.81 (mins.) Counting time for U=] 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232=| 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 [ 12851 | 256 | 303 | | 9313 | 9545 | 284 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
Lo [ o | o [ o | L4 [ o | 20 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 12851 [240.55558] 303 | [ 9309 | 9536 [263.34511]
U-238(dpm/g)=| 403241.46 | + | 24290.08
U-234(dpm/g)=| 413074.5 | + | 24873.44
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 420986.65| + | 26572.45
U-234/U-238=| 1.024385 | £+ | 0.01492
Th-230/U-234=| 1.0191543 | = [ 0.013771
Th-230/Th-232=| #DIV/0! + | #DIV/0!
U234/Th-232={ #DIV/0!} + | _#DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |540526467
(m-1)
Thippb)= [0 ]
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182
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U and Th Isotope Activities

Sample # NOPI-494-SEP3

NOPI-494-SEP3B

FILENAME= NP4943BU.CHN

NP4943BTH.CHN

Sep. date | 10/11/95

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)
| 0.0353 | 0.9088 | 454.83 | 1/22/93 | 992 [443.09189] Th-228/U-232=| 0.6908113
Counting time for Th=| 1666.81 (mins.) Counting time for U=| 1666.81 (mins.)
Days btwn. sep. and count.= 2 (days) Days btwn. sep. and count.= 2 (days)
CF for Th-228=| 0.9974452 CF for U-232=| 1.0024868
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 0 | 36036 | 513 | 780 | | 11023 11334 | 359 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 0 | 0 | 0 | | 19 22 | 25 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
0 | 36036 |472.86811] 780 | [ 11004 11312 [333.17147]
U-238(dpm/g)=| 376764.68 | + | 20206.09
U-234(dpm/g)=| 387310.26 | = | 20762.67
Th-232(dpm/g)= 0 + | #DIv/0!
Th-230(dpm/g)=] 600542.01| = | 26702.64
U-234/U-238=[ 1.0279898 | =+ [ 0.013752
Th-230/U-234=| 1.5505451 ] + [ 0.016698
Th-230/Th-232=] #DIV/Q! + | #DIV/0!
U234/Th-232=| #DIV/0! + | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |505035580
(m-1)
Thiepo)= [ 0]
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3064.2209 306.09288 30.593182
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NOPI-494-SEP3C

U and Th Isotope Activities FILENAME= NP4943CU.CHN
NP4943CT.CHN
Sample # NOPI-494-SEP3C Sep. date | 2/28/96
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)
|_0.0353 | 3.8516 | 4553.22 | 1/22/93 | 1132 [ 4419.374 | Th-228/U-232=| 0.7398947
Counting time for Th=] 416.67 (mins.) Counting time for U=| 416.67 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9949094 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
| 0 | 3418 | 640634 | 128583 | | 3047 | 3079 | 198620 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
Lo [ + 1 1+ [ 1 1 L+ [ 1+ [ 2 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 3417 |637061.19] 128582 | | 3046 | 3078 [197638.76]
U-238(dpm/g)=]| 7431.646 | = | 135.6609
U-234(dpm/g)=| 7509.72 | + | 136.3827
Th-232(dpm/g)= 0 + | #Div/0!
Th-230(dpm/g)=| 1913.643 | + | 32.81939
U-234/U-238=| 1.010506 | + | 0.025822
Th-230/U-234=| 0.254822 | + | 0.006331
Th-230/Th-232=| #DIV/0! + | #DIV/0!
U234/Th-232=] #DIV/0! + |_#DIV/O!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 9961777
(m-1)
Thippb)= [0 ]
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3269.8716 326.63585 32.646399
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N()%% ”A']/{.C f'h/‘/

ACQ 10-13-95 AT 14:14:36 RT : 100008.6 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 1A U 10/16/95

oL # 7-1 RANGE : 48 = 4.91MeV  to 155 = 4.26MeV
AREA : Gross = 12828 Net = 12629 +/- 127
CENTROID : 128.00 = 4.19MeV
SHAPE : Fwhm = @.07MeV Fwtm = @.13MeV

ID : No close library match

oT # 7-2 RANGE : 290 = 4.57MeV to 408 = 4.84MeV
AREA : Gross = 13326 Net = 13088 +/- 133
CENTROID : 377.21 = 4.77MeV
SHAPE : Fwhn =

@.08MeV Fwtm = 0.14MeV

ID : No close library match

0T # 7-3 RANGE : 572 = 5.23MeV  to 642 = 5.39MeV
AREA : Gross = 212 Net = 211 +/~ 15
CENTROID : 619.63 = 5.34MeV
SHAPE : Fwhm = @.02MeV Fwtm = Q.08MeV

ID : No close library match




NP YA A Th ¢ Y

ACQ 10~13-95 AT 14:14:35 RT : 100008.6 LT : 100006.0
No detector description was entered
NOPI-494 uranophane separate 1A 10/16/95

oI # 1-1 RANGE : 243 = 4.44MeV  to 360 = 4.74MeV
AREA : Gross = 40114 Net = 35610 +/- 346
CENTROID : 332.86 = 4.67MeV
SHAPE : Fwhm = Q.09MeV Fwtm = @.17MeV

ID : No close library match

oI # 1-2 RANGE : 614 = 5.38MeV to 646 = 5.46MeV
AREA : Gross = 234 . Net = 145 +/- 23
CENTROID : 630.62 = 5.42MeV
SHAPE : Fwhnm = Q.01MeV Fwtm = Q.05MeV

ID : No close library match

oI # 1-3 RANGE : 705 = 5.60MeV to 786 = 5.81MeV
AREA : Gross = 931 Net = 660 +/- 64
CENTROID : 755.47 = 5.73MeV

SHAPE : Fwhm = Q.91MeV Fwtm = @.12MeV

ID : No c¢lose library match



Npday 1Bl )

ACQ 10-13-95 AT 14:14:36 RT : 100008.6 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 1B U 10/16/95

O # 8-1 RANGE : 38 = 3.98MeV to 159 = 4.26MeV
AREA : Gross = 14504 Net = 14115 +/- 147
CENTROID : 124.70@ = 4.18MeV
SHAPE : Fwhm = @.09MeV Fwtm = @.15MeV

ID : No close library match

0I # 8-2 RANGE : 294 = 4.57MeV  to 410 = 4,84MeV
AREA : Gross = 14903 Net = 14494 +/- 149
CENTROID : 374.065 = 4.76MeV
SHAPE : Fwhm = 0.10MeV Fwtm = ©.17MeV

ID : No c¢lose library match

0 # 8-3 RANGE : 567 = 5.21MeV to 639 = 5.38MeV
AREA : Gross = 187 Net = 187 +/- 14
CENTROID : 615.49 = 5.32MeV
SHAPE : Fwhm = Q.03MeV Fwtm = Q.10MeV

ID : No close library match



U puas | BT CRS

ACQ 10-13-95 AT 14:14:35 RT : 100008.6 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 1B 10/16/95

RANGE : 217 = 4.35MeV to 365 = 4.73MeV
AREA : Gross = 104944 Net = 103032 +/- 385
CENTROID : 341.58 = 4.67MeV

SHAPE : Fwhm = @.06MeV Fwtm = 0.16MeV

ID : No close library match

RANGE : 587 = 5.29MeV  to 662 = 5.49MeV
AREA : Gross = 1023 Net = 935 +/- 44
CENTROID : 638.97 = 5.43MeV

SHAPE : Fwhn = Q.04MeV Fwtm = 0.14MeV

ID : No c¢lose library match

RANGE : 722 = 5.64MeV to 795 = 5.83MeV
AREA : Gross = 2084 Net = 1677 +/- 79
CENTROID : 756.71 = 5.73MeV

SHAPE : Fwhm = 0.10MeV Fwtm = ©.15MeV

ID : No c¢lose library match



IR # 1
WL o# 7-1
Wwr o# 7~z

ACQ @3-07-96 AT 11:22:57 RT 25019.7
No detector description was entered

NOPI-494-3EPLC U 3/8/96

LT

RANGE 68 = 4.05MeV Lo 157 = 4,.26MeV
AREA Grogg = 3986 Net = 3491 +/~ 102
CENTROID 128.54 = 4.19MHeV

SHAPE Fwhm = O.08MeV Futm = ©.15HeV

D No c¢loge library match

RANGHE 327 = 4.66MeV Lo 465 = 4.84MeV
AREA Gross = 3987 Net = 3289 +/~ 109
CENTROID 382.47 = 4.79MeV

SHAPE Fwhm = Q.05MeV Fwtm = ®:14Mev

ID No c¢loge library match

RANGE 532 = 5.13MeV  to 643 = 5.39MeV
AREA Gross = 116125 Net = 110896 +/~ 451
CENTROID 611.78 = 5.32MeV

SHAPE Fyhm = 0. 10MeV Fwtm = O.16HeV

D No c¢loge library match

25000.0



A

wpdat’

ACQ @3-07~96 AT 11:22:57 RT : 20018.7 LT « 20000.0
No detector description was entered
NOPI-494-SEHPIC Th 3/8/96

or # 6-1 RANGE 284 = 4.52MeV  to 356 = 4.72MeV
AREA : Gross = 13298 Net = 1258¢ +/~ 144
CENTROID : 338.63 = 4.,68MeV
SHAPE : Fwhm = Q.a4MeV Futm = @Q.12HeV

ID : No close library match

or # 6-2 RANGE : 546 = 5.23HMeV to 627 = 5.47M4eV
ARFEA : Grossg = 431628 Net = 423987 - T2
CENTROID : 605.68 = - 5.41MeV
SHAPE : Fwvhnm = D.04MeV Fwtm = @.13MeV
ID : No c¢lose library match

oL # 6-3 RANGE 654 = 5.54HMeV to 719 = 5. 72MeV
AREA : Gross = 69375 Net = 66064 +/~- 315
CENTROID  697.84 = 5.66H4eV
SHAPE : Fwhn = &, 05M1eV Fwtm = 0.11MeV

ID : No cloge library wmatch



NP A HAA-CHY

CB # 1 ACQ 1©-13-95 AT 14:14:37 RT : 100008.6 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 2A U 10/16/95

oL # 9-1 RANGE : 54 = 4.00MeV to 163 = 4.26MeV

AREA : Gross = 12979 Net = 12759 +/- 129
CENTROID : 135.94 = 4.,19MeV
SHAPE : Fwhnm = @.08MeV Fwtm = @.13MeV

ID : No close library match

oI # 9-2 RANGE : 295 = 4.,56MeV to 412 = 4.84MeV
AREA : Gross = 13035 Net = 12740 +/- 135
CENTROID : 384.37 = 4.77MeV
SHAPE : Fwhm = @.98MeV Fwtm = @.14MeV

ID : No ¢lose library match

OI # 9-3 RANGE : 588 = 5.25MeV to 640 = 5.37MeV
AREA : Gross = 286 Net = 234 +/- 25
CENTROID : 626.22 = 5.34MeV
SHAPE : Fwhm = 9.01MeV Fwtm = 0.10MeV

ID : No c¢lose library match




0TI

5-2

rJ€4QL%§j%Tk,C+NJ

ACQ 10-13-95 AT 14:14:36 RT : 100008.6 LT : 100000.0
No detector description wasg entered
NOPI-494 uranophane separate 2A 10/16/95

RANGE : 263 = 4.42MeV  to 388 = 4.73MeV
AREA : Gross = 10849 Net = 10748 +/- 113
CENTROID : 360.00 = 4.66MeV

SHAPE : Fwhm = ©.07MeV Fwtm = @.1l6MeV

ID : No close library match

RANGE : 615 = 5.31MeV to 689 = 5.5@MeV
AREA : Gross = 251 Net = 177 +/- 32
CENTROID : 651.19 = - 5.40MeV

SHAPE : Fwhm = ©.01MeV Fwtm = @.04MeV

ID : No close library match

RANGE : 707 = 5.54MeV to 789 = 5.75MeV
AREA : Gross = 1330 Net = 1122 +/- 62
CENTROID : 768.00 = 5.69MeV

SHAPE : Fwhm = @.03MeV Fwtm = 9.08MeV

ID : No close library match



0T # l1o-1

O # l1le-2

O # 10-3

upgat e CHT

ACQ 10-13-95 AT 14:14:37 RT : 1900008.6 LT : 100000.0
No detector description was entered
NOPI~494 uranophane separate 2B U 10/16/95

RANGE : 39 = 4.00MeV to 151 = 4.27MeV
AREA : Gross = 12158 Net = 12017 +/-~ 121
CENTROID : 120.70 = 4.20MeV

SHAPE : Fwhm = 0.07MeV Fwtm = @.14MeV

ID : No close library match

RANGE : 286 = 4,59MeV  to 399 = 4.85MeV
AREA : Gross = 12247 Net = 12116 +/- 120
CENTROID : 370.58 = 4.79MeV

SHAPE : Fwhm = @.08MeV Fwtm = @.15MeV

ID : No close library match

RANGE : 561 = 5.23MeV  to 630 = 5.40MeV
AREA : Gross = 279 Net = 278 +/- 17
CENTROID : 610.83 = 5.35MeV

SHAPE : Fwhm = Q.01MeV Fwtm = @.05MeV

ID : No close library match



JpeadaBTh.c i

ACQ 10-13-95 AT 14:14:36 RT : 100008.6 LT : 100000.¢
No detector description was entered
NOPI-494 uranophane separate 2B 10/16/95

RANGE : 235 = 4.39MeV to 353 = 4.71MeV
AREA : Grosgs = 22677 Net = 22278 +/- 173
CENTROID : 339.41 = 4.68MeV

SHAPE : Fwhnm = @.10MeV Fwtm = ©.17MeV

ID : No close library match

RANGE : 553 = 5.27MeV to 632 = 5.48MeV
AREA : Gross = 1030 Net = 415 +/- 89
CENTROID : 620.34 = - B.45MeV

SHAPE : Fwhm = 0.902MeV Fwtm = 0.08MeV

ID : No close library match

RANGE : 649 = 5.53MeV to 738 = 5.77MeV
AREA : Gross = 7964 Net = 7077 +/- 140
CENTROID : 704.23 = 5.68MeV

SHAPE : Fwhnm = @.03MeV Fwtm = 9.08MeV

ID : No close library match



01

0OI

i

ACQ @3-04-~-96 AT 11:27:08 RT : 25098.0¢ LT

No detector description was entered
NOPI~-494-5SEP2C U 3/5/96

RANGE : 73 = 4.,06MeV to 155 = 4.,26MeV
AREA : Grogs = 3947 Net = 3408 +/~ 102
CENTROID : 129.19 = 4.20MeV

SHAPE : Fwhm = @.07HeV Fwtm = @.14MeV

ID : No close library match

RANGE : 322 = 4.64MeV  to 405 = 4.84HeV
AREA : Gross = 4270 _ Net = 3430 +/~- 120
CENTROID : 376.72 = 4.7 7HMeV

SHAPE : Fwhm = 0.08MeV Futm = 0.14aMeV

ID : No close library match

RANGE : 534 = 5.14HMeV to 644 = 5.39MeV
AREA : Gross = 201269 Net = 194257 +/~ 563
CENTROID : 612.62 = 5.32MeV

SHAPE : Fwhm = Q. 1oMeV Fwtm = Q.17MeV

ID : No c¢losge lihrary match

25000.0



B

SHN

ACQ ©3-04-926 AT 11:27.08 RT : 25098.0 LT

No detector description was entered
NOPI-494-5EP2C Th 3/5/96

RANGE 323 = 4.57MeV  to 368 = 4.69MeV
AREA : Gross = 444 Net = 76 +/- 5@
Could not properly fit the peak.

RANGE : 579 = 5.26MeV  to 672 = 5.52MeV
AREA : Grossgs = 766614 Net = 755240 +/- 960
CENTROID : 648.92 = - 5,45MeV

SHAPE : Fwhm = @.04MeV Fwtm = ®.14MeV

ID : No c¢lose library match

RANGE : 689 = 5.56MeV  to 767 = 5.77HeV
AREA : Grosgs = 160704 Net = 154278 +/~ 482
CENTROID : 742.95 = 5.71MeV

SHAPE : Fwhm = Q.07HMeV Fwtm = @.13MeV

ID ¢+ No close library match

—

w@»twu‘-"”

25000.

S



O # 11~1

oI # 11-2

oI # 11-3

s
\\ij,

NPay3AU-CI

ACQ 10-13-95 AT 14:14:37 RT : 100008.6 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 3A U 10/16/95

RANGE : 69 = 4,04MeV  to 166 = 4.26MeV
AREA : Gross = 9314 Net = 9313 +/- 97
CENTROID : 140.06 = 4.,20MeV

SHAPE : Fwhm = ?.06MeV Fwtm = @.13MeV

ID : No close library match

RANGE : 306 = 4.58MeV to 414 = 4.83MeV
AREA : Gross = 9676 Net = 9545 +/- 109
CENTROID : 389.43 = 4.78MeV

SHAPE : Fwhnm = Q.08MeV Fwtm = 9.14MeV

ID : No close library match

RANGE : 574 = 5.20MeV  to 647 = 5.37MeV
AREA : Gross = 285 Net = 284 +/~ 17
CENTROID : 630.10 = 5.33MeV

SHAPE : Fwhm = Q.00MeV Fwtm = 0.10MeV

ID : No close library match



(o)

1-2

NP%Q%}A{WCHN

ACQ 10-13-95 AT 14:15:17 RT : 111913.7 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 3A Th 10/16/95

RANGE : 564 = 4.50MeV  to 717 = 4.71MeV
AREA : Grosgs = 13313 Net = 12851 +/- 156
CENTROID : 686.97 = 4.67MeV

SHAPE : Fwhm = Q.04MeV Fwtm = 9.13MeV

ID : No c¢lose library match

RANGE : 1128 = 5.27MeV to 1262 = 5.46MeV
AREA : Gross = 256 . Net = 256 +/- 16
CENTROID : 1243.62 = 5.43MeV

SHAPE : Fwhn = @.91MeV Fwtm = @.05MeV

ID : No close library match

RANGE : 1405 = 5.65MeV to 1513 = 5.80MeV
AREA : Gross = 358 Net = 3@3 +/~- 35
CENTROID : 1447.43 = 5.71MeV

SHAPE : Fwhm = 0.00MeV Fwtm = @.06MeV

ID : No close library match



Wl 2BY-CHY

Ch % 1 ACQ 1©-13-95 AT 14:14:37 RT : 100008.6 LT : 100000.0
O No detector description was entered
NOPI-494 uranophane separate 3B Ul0/16/95

O # 12-1 RANGE : 40 = 3.97MeV to 167 = 4.26MeV
AREA : Gross = 11326 Net = 11023 +/~ 131
CENTROID : 134.51 = 4.19MeV
SHAPE : Fwhm = Q.08MeV Fwtm = 0.14MeV
ID : No close library match

oI # 12-2 RANGE : 289 = 4.55MeV to 420 = 4.85MeV
AREA : Gross = 11598 Net = 11334 +/- 130
CENTROID : 383.64 = 4.77MeV
SHAPE : Fwhm = @.09MeV Fwtm = @.15MeV
ID : No close library match

OI # 12-3 RANGE : 570 = 5.20MeV to 645 = 5.37MeV
AREA : Gross = 359 Net = 359 +/~- 19
CENTROID : 624.00 = 5.32MeV
SHAPE : Fwhm = Q.00MeV Fwtm = @.10MeV

ID : No close library match



01

2-2

NZEEEL RS

ACQ 10-13-95 AT 14:15:18 RT : 111013.7 LT : 100000.0
No detector description was entered
NOPI-494 uranophane separate 3B Th 10/16/95

RANGE : 510 = 4.41MeV  to 739 = 4,71MeV
AREA : Gross = 37186 Net = 36036 +/- 281
CENTROID : 700©.38 = 4.66MeV

SHAPE : Fwhm = Q.10MeV Fwtm = @.18MeV

ID : No close library match

RANGE : 1155 = 5.27MeV  to 1296 = 5.45MeV
AREA : Gross = 653 ~ Net = 513 +/- 61
CENTROID : 1263.01 = 5.41MeV

SHAPE : Fwhm = 0.01MeV Fwtm = @.06MeV

ID : No close library match

RANGE : 1390 = 5.58MeV to 1553 = 5.80MeV
AREA : Gross = 944 Net = 780 +/- 71
CENTROID : 1507.28 = 5.74MeV

SHAPE : Fwhm = ©.01MeV Fwtm = 0.10MeV

ID : No close library match



bf-bé_u.c*'m

o P

ICB # 1 ACQ @3~-64-96 AT 11:27:09 RT : 25098.0 LT : 25000.0
No detector description was entered
NOPI-494-5EP3C U 3/5/96

0T #  8-1 RANGE : 70 = 4.05MeV to 156 = 4,25MeV
AREA : Gross = 4960 Net = 3047 +/- 1706
CENTROID : 126.81 = 4.18MeV
SHAPE : Fwhm = Q.09MeV Futm = @.14MeV
ID : No close library match

01 # 8-2 RANGE : 326 = 4.65MeV  to 409 = 4.84MeV
AREA : Grosgs = 5852 Net = 3079 +/- 198
CENTROID : 375.65 = 4.76MeV
SHAPE : Fwhm = @.09MeV Fwtm = @.16MeV
ID : No c¢losge library wmatch

oI # 8-3 RANGE : 544 = 5.16MeV to 646 = 5.39MeV

o AREA : Grossg = 214119 Net = 198620 +/~ 670

CENTROID : 612.15 = 5.31MeV
SHAPE : Fwhm = @.1aMeV Fwtm = @.17MeV

ID : No c¢lose library match



Iy # 1

0L #

lO;ﬂ#

5-3

ACQ ©@3-04-96 AT 11:27:08 RT : 25098.0 LT
No detector description was entered
NOPI-494-SEP3C Th 3/5/96

RANGE : 320 = 4.56MeV Lo 386 = 4,73MeV
AREA : Gross = 4@11 Net = 3418 +/- 97
CENTROID : 370.59 = 4.69MeV

SHAPE : Fwhm = @.04HMeV Futm = @.11MeV

ID : No closge library match

RANGE : 597 = 5,26MeV  to 696 = 5.51MeV
AREA : Gross = 654335 Net = 640634 +/~ 925
CENTROID : 672.87 = 5.45MeV

SHAPE : Fwhm = 0.04MeV Fwtm = ©.14MeV

ID : No close library match

RANGE : 720 = 5.57MeV to 798 = 5.77H1eV
AREA : Gross = 135285 Net = 128583 +/~- 458
CENTROID : 774.71 = 5.71MeV

SHAPE : Fwhm = 0.06MeV Fwtm = @.12MeV

ID : No close lihrary match

o prat 3T

25000.0



U and Th Isotope Activities

Sample # NOPI-494-SEP4

NOPI-494-SEP4

FILENAME= NP4944U.CHN

NP4944TH.CHN

Sep. date | 2/28/96

Analyst JDP
Sample Spike uU-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| o0.035 | 3.3388 4553.22 | 1/22/93 | 1132 |4419.374| Th-228/U-232=| 0.7398947
Counting time for Th=] 416.67 (mins.) Counting time for U=] 416.67 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=] 0.9949094 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
| 0 | 19561 | 582739 | 114398 | | 3322 | 3223 | 132973 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 0 | 8 | 1 0 | 1 [ 1 | 5 |
Th-232* Th-230* Th-228sp Ra-224* U-238* uU-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 19553 |579625.56] 114398 | [ 3321 | 3222 [132312.43]
U-238(dpm/g)=| 10581.6 | + | 185.8702
U-234(dpm/g)={ 10266.16 | + | 183.0115
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 10522.5 | + | 76.48791
U-234/U-238=| 0.97019 | + | 0.023987
Th-230/U-234=| 1.024969 | + | 0.019485
Th-230/Th-232=| #DIV/0! | + | #DIV/0!
U234/Th-232=] #DIV/0! + | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= | 14184144
(m-1)
Thppb)= [0 ]
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3269.8716 326.63585 32.646399

Page 1



NOPI-494-SEP5

U and Th Isotope Activities FILENAME= NP4945U.CHN
NP4945TH.CHN
Sample # NOPI-494-SEP5 Sep.date | 2/28/96
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)
[ 0.0296 | 3.8403 | 4553.22 | 1/22/93 | 1132 | 4419.374 | Th-228/U-232=| 0.7398947
Counting time for Th=] 416.67 (mins.) Counting time for U=} 416.67 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9949094 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
| 0 | 10232 | 379662 | 91066 | | 3555 | 3533 | 201015 |
Bkgd Bkgd Bkgd bkgd bkgd_ bkgd bkgd
Lo [ + [ 2 [ 8 | L [ 1+ 1 6 |
Th-232* Th-230* Th-228sp Ra-224* U-238* uU-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 10231 |376751.82| 91058 | | 3554 | 3532 [200017.98]
U-238(dpm/g)=| 10187.85 | + | 172.3731
U-234(dpm/g)=| 10124.79 | = | 171.8294
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 11520.38 | £ | 115.4147
U-234/U-238=] 0.99381 | + | 0.023609
Th-230/U-234=| 1.137839 | + | 0.022203
Th-230/Th-232=| #DIV/0! | + | #DIV/0!
U234/Th-232=| #DIV/0! | = | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= | 13656342
{m-1)
Thiepb)= [0 ]
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3269.8716 326.63585 32.646399

Page 1



U and Th Isotope Activities

Sample # NOPI-494-SEP6

NOPI-494-SEP6

FILENAME= NP4946U.CHN

NP4946TH.CHN

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)
| o0.0481 | 3.8203 | 4553.22 | 1/22/93 | 1132 [ 4419.374] Th-228/U-232=( 0.7398947
Counting time for Th=| 416.67 (mins.) Counting time for U=] 416.67 {mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 5 (days)
CF for Th-228=| 0.9949094 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
| 0 | 36019 | 664688 | 136009 | 2414 2268 | 63494 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L. o | =2 1 5 1 5 1 2 3 | 8 |
Th-232~ Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 0 | 36017 |660838.86| 136004 | 2412 2265 |63172.998]
U-238(dpm/g)=| 13401.67 | + | 277.9029
U-234(dpm/g)=| 12584.9 | + | 268.9364
Th-232(dpm/g)= 0 + | #DIV/0!
Th-230(dpm/g)=| 14164.52 | + | 76.57527
U-234/U-238=| 0.939055 | + | 0.027461
Th-230/U-234=| 1.124722 | + | 0.024349
Th-230/Th-232= #DIV/0! + | #DIV/0!
U234/Th-232= #DIV/0! + | #DIV/0!
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U({ppb)= [17964319
(m-1)
Thippb)= [0 |
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 3269.8716 326.63585 32.646399

Page 1



92

p Pt

ACQ 03-04-96 AT 11:27:09 RT : 25098.0 LT : 25000.0
No detector description was entered
NOPI-494-SEP4 U 3/5/96

RANGE : 86 = 4.08MeV to 158 = 4.,24MeV
AREA : Gross = 4065 Net = 3322 +/=- 108
CENTROID : 134.67 = 4.19MeV

SHAPE : Fwhm = @.08MeV Fwutm = @.13MeV

ID : No close library match

RANGEHE : 337 = 4.66MeV to 412 = 4.84MeV
AREA : Gross = 4553 Net = 3223 +/~ 137
CENTROID : 384.61 = 4,77MeV

SHAPE : Fwhm = 0.07MeV Fwtnm = @.13MeV

ID : No close library match

RANGE : 567 = 5.20MeV  to 649 = 5.39MeV
AREA : Gross = 147358 Net = 132973 +/- 564
CENTROID : 619.32 = 5.32MeV

SHAPE : Fwhm = @.10MeV Fwtm = Q.15MeV

1D : No close library match



1CB

WL

P

1

{\,\.LHv\/
44%*
p?

ACQ ©03-04-96 AT 11:27:08 RT : 25@093.0 LT . 25000.0
No detector description was entered
NOPI-494-3EP4 Th 3/5/96

RANGE : 278 = 4.51MeV to 355 = 4,72MeV
AREA : Gross = 20042 Net = 19561 +/~ 159
CENTROID : 337.95 = 4,67MeV

SHAPE : Fwhm = 0.04MeV Fwtm = @.12MeV

ID : No close library match

RANGE : 540 = 5.23MeV  to 627 = 5.47HeV
AREA : Gross = 590879 Net = 582739 +/- 833
CENTROID : 605.10 = 5.41MeV

SHAPE : Fwhn = 0.04MeV Fwtm = @.13MeV

ID : No c¢losge library match

RANGE : 644 = 5.52MeV to 718 = 5.72MeV
AREA : Gross = 118198 Net = 114398 +/- 398
CENTROID : 694.36 = 5.65MeV

SHAPE : Fwhm = 9.06MeV Fwtm = 0.11MeV

ID : No cloge library match



Spyansae ™

B # 1 ACQ 03-04-96 AT 11:27:09 RT : 25098.0 LT : 25000.0
No detector description was entered
NOPI~-494~-SEP5 U 3/5/96

WI # 10-1 RANGE : 66 = 4.07MeV  to 146 = 4.26MeV
AREA : Gross = 4353 Net = 3555 +/- 116
CENTROID : 121.76 = 4, 20MeV
SHAPE : Fwhm = Q.08MeV Fwtm = @.14MeV

ID : No close library match

0L # 10-2 RANGE : 321 = 4,.67TMeV  to 395 = 4.84MeV
AREA : Gross = 4533 Net = 3533 +/=- 123
CENTROID : 373.82 = 4.779MeV
SHAPE : Fwhm = 0.10MeV Fwtm = @.15MeV
ID : No c¢lose library match

O1..4 10-3 RANGE : 542 = 5.19MeV to 637 = 5.41HMeV

S AREA : Gross = 224378 Net = 201015 +/~- 743

CENTROID : 606.49 = 5.34MeV
SHAPE : Fwhm = 9.10MeV Fwtm = ©.17MeV

ID : No c¢lose library match



IcB # 2 ACQ ©@3-04-96 AT 11:26:53 RT : 25046.7 LT : 25000.0
No detector description was entered
NOPI-494-SEP5 Th 3/5/96

0T # 1-1 RANGE : 591 = 4.,54MeV to 722 = 4.72MeV
AREA : Gross = 10727 Net = 10232 +/- 144
CENTROID : 692.86 = 4,68MeV
SHAPE : Fwhm = Q.04MeV Fwtm = ©@.12MeV
ID : No close library match

0T # 1-2 RANGE : 1165 = 5.24MeV to 1281 = 5.48HMeV
AREA : Grogs = 385618 Net = 379662 +/- 741
CENTROID : 1246.11 = 5.44HMeV
SHAPE : Fwhm = @.03MeV Fwtm = ©.07MeV
ID : No close library match
RANGE : 1346 = 5.57TMeV to 1470 = 5.74MeV
AREA : Gross = 96525 Net = 91066 +/- 446
CENTROID : 1430.28 = 5.69MeV
SHAPE : Fwhm = @.907MeV Fwtm = @Q.12MeV

ID : No ¢lose library match



1cB

0T

0T

# 11-1

# 11-2

ACQ 03-04-96 AT 11:27:09 RT : 25@98.0 LT
No detector description was entered
NOPI-494~8EP6 U 3/5/96

RANGE : 78 = 4.06MeV  to 163 = 4.25MeV
AREA : Gross = 3247 Net = 2414 +/- 116
CENTROID : 137.42 = 4.20MeV

SHAPE : Fwhm = @.06MeV Futm = 0.12MeV

ID : No close library match

RANGE : 340 = 4.66MeV to 414 = 4.83MeV
AREA : Gross = 4050 Net = 2268 +/~ 151
CENTROID : 392.62 = 4.78MeV

SHAPE : Fwhm = @.05MeV Fwtm = @.1l4aMeV

ID : No c¢losge library match

RANGE : 564 = 5.18MeV to 655 = 5.39MeV
AREA : Gross = 76374 Net = 63494 +/~ 498
CENTROID : 625.61 = 5.32MeV

SHAPE : Fwhm = ©.10MeV Fwtm = 0.15MeV

ID : No closgse library match

0 ¢

25000.0
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N.Due&\‘ftﬁ/“\"w

ACQ 03-94-96 AT 11:26:54 RT : 25046.7 LT : 25000.0
No detector description was entered
NOPI-494-SEPG Th 3/5/96

RANGE : 589 = 4.51MeV  to 739 = 4.71MeV
AREA : Gross = 37228 Net = 36019 +/- 255
CENTROID : 7©9.23 = 4.67MeV

SHAPE : Fwhm = @.04HMeV Fwtm = 0.13MeV

ID : No close library match

RANGE : 1127 = 5.23MeV  to 1307 = 5.47MeV
AREA : Gross = 688580 Net = 664688 +/- 1167
CENTROID : 1270.06 = 5.42MeV

SHAPE : Fwhm = Q.04MeV Fwtm = @.14MeV

ID : No c¢lose library match

RANGE : 1348 = 5.52MeV to 1499 = 5.72MeV
AREA : Gross = 147003 Net = 136009 +/- 6353
CENTROID : 1453.60 = 5.66MeV

SHAPE : Fwhm = @.08MeV Fwtm = @.14MeV

ID : No close lihrary match



U and Th Isotope Activities

Sample # NOPI-137

NOPI-137r

FILENAME= NP137U5.CHN

NP137TH5.CHN

Sep. date | 3/20/95

Analyst JDP
Sampie Spike U-232 Ref. date Days btwn U-232~
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.2548 | 0.5055 | 454.83 | 1/22/93 | 787 [445.49251] Th-228/U-232=| 0.6072609
Counting time for Th=|] 1000.03 (mins.) Counting time for U=] 666.723 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=) 0.9956968 CF for U-232=| 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 102 ] 10982 | 5739 | 1890 | | 8645 [ 10067 | 8886 |
Bkgd Bkgd Bkad bkgd bkgd bkgd bkgd
| 3 | 8 | 14 | 25 | 8 | 7 | 4
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 99 | 10974 |[5551.4703] 1865 | 8637 | 10060 |8854.4162]
U-238(dpm/g)=[862.11487| + | 13.02365
U-234(dpm/g)=[1004.1537| + | 14.61625
Th-232(dpm/g)=[9.5711613| + | 0.956071
Th-230(dpm/g)={1060.9487| + | 17.28091
U-234/U-238=|1.1647563| + | 0.017079
Th-230/U-234=| 1.0565601| + | 0.014579
Th-230/Th-232=| 110.84848| + | 11.02649
U234/Th-232=[104.91451| + [ 10.59067
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 1155625
(m-1)
Th(ppb)= [39171.154
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1



MCB # 1

ROT #

ROTI #

ROTI #

1-1

1-2

1-3

NP12TUS. cn)

ACQ 03-23-95 AT 16:08:30 RT : 40003.4 LT : 40000.0
No detector description was entered
NOPI-137 U 3/24/95

RANGE : 50 to 164

AREA : Gross = 8914 Net = 8645 +/- 116
CENTROID : 140.76

SHAPE : Fwhm = 41.64 Channels Fwtm = 79.47 Channels
RANGE : 288 to 387

AREA : Gross = 10767 Net = 10067 +/- 145
CENTROID : 368.84

SHAPE : Fwhm = 47.18 Channels Fwtm = 78.19 Channels
RANGE : 532 to 605

AREA : Gross = 11132 Net = 8886 +/- 185

CENTROID : 589.53

SHAPE : Fwhm = 36.31 Channels Fwtm 60.07 Channels



ROTI

ROI

ROI

- ROI

NQaEL TWS. cxk

ACQ ©03-24-95 AT 16:08:42 RT : 60001.7 LT : 60000.0
No detector description was entered
NOPI~-137 Th 3/27/95

RANGE : 33 to 84

AREA : Gross = 128 Net = 102 +/- 17
CENTROID : 69.36

SHAPE : Fwhm = 9.57 Channels Fwtm = 17.34 Channels
RANGE : 257 to 353

AREA : Gross = 11273 Net = 10982 +/- 124
CENTROID : 336.20

SHAPE : Fwhm = 16.14 Channels Fwtm = 53.92 Channels
RANGE : 564 to 650

AREA : Gross = 6088 Net = 5739 +/- 102
CENTROID : 631.79

SHAPE : Fwhm = 16.94 Channels Fwtm = 58.68 Channels
RANGE : 678 to 755

AREA : Gross = 2241 Net = 1890 +/- 78

CENTROID : 732.68
SHAPE : Fwhm = 26.93 Channels Fwtm = 55.63 Channels



U and Th Isotope Activities

Sample # NOPI-139

NOPI-139r

FILENAME= NP139U5.CHN

NP139TH5.CHN

Sep.date | 3/20/95

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)
[ _0.3173 | 0.5041 | 454.83 | 1/22/93 | 787 [445.49251] Th-228/U-232=| 0.6072609
Counting time for Th=| 1000.03 (mins.) Counting time for U=|] 666.723 (mins.)
Days btwn. sep. and count.= 4 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9956968 CF for U-232=| 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 129 | 30784 | 9133 | 2783 | 8820 | 10049 | 5946 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 2 | 3 | 11 | 19 | 2 | 4 | 4 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 127 | 30781 [8887.2986] 2764 | 8818 | 10045 [5923.5466]
U-238(dpm/g)=| 1053.5989| + | 17.67909
U-234(dpm/g)=]1200.2043| + | 19.63692
Th-232(dpm/g)=[6.1418089| + | 0.544562
Th-230(dpm/g)=[ 1488.5907| + | 17.7372
U-234/U-238=|1.1391472| + | 0.016621
Th-230/U-234=01.2402811] + | 0.01425
Th-230/Th-232=|242.37008| + | 21.38416
U234/Th-232=| 195.41544| + | 17.61898
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |1412300.5
(m-1)
Th(ppb)= {25136.108
Spike 25A  Spike 26B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1



MCB # 1 ACQ ©03-23-95 AT 16:08:31 RT : 40003.4 LT : 40000.0
No detector description was entered
 NOPI-139 U 3/24/95

ROI # 2-1 RANGE : 55 to 169

AREA : Gross = 8994 Net = 8820 +/- 109

CENTROID : 144.81

SHAPE : Fwhm = 35.89 Channels Fwtm = 74.21 Channels
ROI # 2-2 RANGE : 293 to 397

AREA : Gross = 10295 Net = 16049 +/- 119

CENTROID : 372.84

SHAPE : Fwhm = 38.04 Channels Fwtm = 75.04 Channels
ROI # 2-3 RANGE : 519 to 614

AREA : Gross = 6378 Net = 5946 +/- 111

CENTROID : 588.81

SHAPE : Fwhm = 41.69 Channels Fwtm 66.23 Channels




MCB

ROI

ROI

ROT

ROT

ACQ ©3-24-95

AT 16:08:42 RT

NF 3RS cwrv

60001.7 LT

No detector description was entered

NOPI-139 Th 3/27/95

RANGE 31 to 89
AREA Gross = 130
CENTROID 75.91
SHAPE Fwhm = 3.47
RANGE 267 to 362
AREA Gross = 31024
CENTROID 342.27
SHAPE Fwhm = 16.51
RANGE 576 to 66@
AREA Gross = 9456
CENTROID 638.35
SHAPE Fwhm = 14.67
RANGE 680 to 761
AREA Gross = 3357
CENTROID 738.87
SHAPE Fwhm = 24,95

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

129 +/- 12

Fwtm = 24.07 Channels
30784 +/- 185

Fwtm = 49.69 Channels
9133 +/- 116

Fwtm = 53.65 Channels
2783 +/- 100

Fwtm = 48.83 Channels

60000 .0



NOPI-142r

U and Th Isotope Activities FILENAME= NP142U5.CHN
NP142TH5.CHN
Sample # NOPI-142 Sep. date | 3/20/95
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)
[ 03726 | 0.5054 | 454.83 [ 1/22/93 | 787 [445.49251] Th-228/U-232=| 0.6072609
Counting time for Th=] 1000.058 {mins.) Counting time for U=} 666.723 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9927379 CF for U-232={ 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 844 | 52394 | 10084 [ 4977 | | 6302 | 8810 [ 2982 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 5 | 10 | 14 | 26 | | 7 | 9 | 6 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 839 | 52384 [9040.3417] 4951 | | 6205 [ 8801 [2966.7578]
U-238(dpm/g)=| 1282.1725| + | 28.49843
U-234(dpm/g)=|1792.5973| + | 37.97823
Th-232(dpm/g)=| 34.055341| + | 1.220304
Th-230(dpm/g)=|2126.2872| + [ 23.12215
U-234/U-238=]1.3980937( + | 0.023066
Th-230/U-234=[1.1861489| + | 0.013658
Th-230/Th-232=|62.436234} + | 2.166385
U234/Th-232=|52.637772| + | 2.191182
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [1718692.7
(m-1)

Thi{ppb)=

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1



TN
FER

s
s N

MCB

ROTI

ROI

ROI

#

1

ACQ ©3-23-95 AT 16:08:31 RT

40003.4

No detector description was entered

NOPI-142 U 3/24/95

RANGE 42 to 151

AREA Gross = 6549 Net =
CENTROID 121.12

SHAPE Fwhm = 38.02 Channels
RANGE 291 to 462

AREA Gross = 9052 Net =
CENTROID 368.67

SHAPE Fwhm = 43.82 Channels
RANGE 555 to 639

AREA Gross = 3338 Net =
CENTROID 605.70

SHAPE Fwhm = 40.76 Channels

6302

Fwtm

8810

Fwtm

2982

Fwtm

0 P\\XM;,C\’WA

LT

+/- 103

75.50 Channels

+/- 114

71.68 Channels

+/~- 88

68.27 Channels

40000.0



ST

ROT

ROTI

ROI

Y ROI

MCB # 1
# 1-1
# 1-2
# 1-3
# 1-4

PN

-~ /C/
N1z N>
ACQ ©93-27-95 AT ©8:55:41 RT 60003.5 LT 60000.0

No detector description was entered
NOPI-142 Th 3/28/95
RANGE 21 to 86
AREA Gross = 1009 Net = 844 +/- 5@
CENTROID 68.78
SHAPE Fwhm = 20.12 Channels Fwtm = 36.75 Channels
RANGE 206 to 352
AREA Gross = 52908 Net = 52394 +/~ 254
CENTROID 333.12
SHAPE Fwhm = 36.11 Channels Fwtm = 63.54 Channels
RANGE 547 to 651
AREA Gross = 11168 Net = 16084 +/- 167
CENTROID 629.39
SHAPE Fwhm = 21.17 Channels Fwtm = 62.89 Channels
RANGE 669 to 754
AREA : Gross = 6323 Net = 4977 +/- 151
CENTROID 730.61
SHAPE Fwhm = 35.07 Channels Fwtm = 69.27 Channels



NOPI-144r

U and Th Isotope Activities FILENAME= NP144U5.CHN
NP144TH5.CHN
Sample # NOPI-144 Sep. date | 3/20/95
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)
0251 | 0.5048 | 454.83 | 1/22/93 | 787 [445.49251] Th-228/U-232=| 0.6072609
Counting time for Th=| 1000.058 {mins.) Counting time for U=] 666.723 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9927379 CF for U-232=] 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 53 | 53160 | 6289 | 3881 | | 5620 | 6483 | 1265 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L2 | 4 | 11 [ 19 | L4 | 5 [ 6 1
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 51 | 53156 | 6066.7416] 3862 | |_5616 | 6478 |1255.0901]
U-238(dpm/g)=|4009.0202| + | 124.7604
U-234(dpm/g)=} 4624.3648| + | 142.1391
Th-232(dpm/g)=| 4.573788 | + | 0.6309
Th-230(dpm/g)=|4767.1426| + | 63.56926
U-234/U-238=| 1.15349 | + | 0.021023
Th-230/U-234={1.0308751| + | 0.013561
Th-230/Th-232=|1042.2745| + | 143.2388
U234/Th-232=| 1011.058 | + | 142.884
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |5373905.6
{m-1)

Th(ppb)= [18718.789

Spike 26A  Spike 256B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1



MCB

ROI

ROT

ROI

1

ACQ ©3-23-95 AT 16:08:32 RT

)

,\JPM"\"Lb'

40003.4

No detector description was entered

NOFPI-144 U 3/24/95

RANGE 50 to 150

AREA Gross = 6093 Net =
CENTROID 118.11

SHAPE Fwhm = 44.46 Channels
RANGE 294 to 401

AREA Gross = 6898 Net =
CENTROID 368.01

SHAPE Fwhm = 48.20 Channels
RANGE 563 to 636

AREA Gross = 1574 Net =
CENTROID 609.36

SHAPE Fwhm = 37.83 Channels

5620

Fwtm

6483

Fwtm

1265

Fwtm

LT : 40000.0

+/- 114

75.98 Channels

+/- 116

74.79 Channels

+/- 69

54.91 Channels



MCB

ROI

ROI

ROI

ROTI

ACQ ©3-27-95

AT 08:55:41 RT

60003.5

No detector description was entered

NOPI-144 Th 3/28/95

RANGE 20 to 86
AREA Gross = 118
CENTROID 64.00
SHAPE Fwhm = 1.67
RANGE 221 to 361
AREA Gross = 54051
CENTROID 342.56
SHAPE Fyhm = 17.41
RANGE 561 to 657
AREA Gross = 6822
CENTROID 638.91
SHAPE Fwhm = 16.35
RANGE 677 to 768
AREA Gross = 4985
CENTROID 741.54
SHAPE Fwhm = 28.41

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

53

Fwtm

53160

Fwtm

6289

Fwtm

3881

Fwtm

LT : 60000.0

+/- 27

6.25 Channels

+/~- 271

56.20 Channels

+/- 120

57.36 Channels

+/- 140

55.86 Channels



U and Th Isotope Activities

Sample # NOPI-205

NOPI-205r

FILENAME= NP205U5.CHN

NP205TH5.CHN

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)
| 02548 | 0.5064 | 454.83 | 1/22/93 | 787 [445.49251] Th-228/U-232=( 0.6072609
Counting time for Th=| 1000.03 (mins.) Counting time for U=] 666.723 (mins.)
Days btwn. sep. and count.= 8 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9917536 CF for U-232=] 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 u-232
counts counts counts counts counts counts counts
| 443 | 12932 | 9658 | 6160 | 5550 | 6187 | 8085 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 | 7 | 16 | 26 | 1 | 3 | 6 |
Th-232* Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 439 | 12925 [8955.3678] 6134 | | 5549 | 6184 [8053.9099]
U-238(dpm/g)=| 610.01798} £ | 10.63368
U-234(dpm/g)=|679.82541| + | 11.48312
Th-232(dpm/g)=|26.356704| + | 1.280642
Th-230(dpm/g)=|775.99179| + | 10.43611
U-234/U-238=| 1.114435 | + | 0.020604
Th-230/U-234=[1.1414575| + | 0.017645
Th-230/Th-232=[29.441913| + | 1.422585
U234/Th-232=|25.793264| = | 1.326835
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |817700.81
(m-1)
Th(ppb)= |107868.05
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1




MCB

ROI

ROI

ROT

9-1

SHAPE : Fwhm = 40.45 Channels Fwtm

Nng/C{b/ C'(’('V\)

ACQ ©3-23-95 AT 16:08:32 RT : 40003.4 LT : 40000.0
No detector description was entered
NOPI-2@5 U 3/24/95

RANGE : 52 to 159
AREA : Gross = 5551 Net = 5550 +/- 75
CENTROID : 129.81
SHAPE : Fwhm = 41.99 Channels Fwtm = 62.94 Channels
RANGE : 307 to 409
AREA : Gross = 6274 Net = 6187 +/- 87
CENTROID : 379.49

= 66.08 Channels

RANGE : 560 to 641

AREA : Gross = 8796 Net
CENTROID : 614.11

SHAPE : Fwhm = 41.59 Channels Fwtm

8085 +/- 131

61.85 Channels



,\)92057745-CHN

=«MCB # 1 ACQ 03-28-95 AT 08:06:33 RT : 60001.8 LT : 60000.0
No detector description was entered
NOPI-2@5 Th 3/29/95

ROTI # 1-1 RANGE : 20 to 84
AREA : Gross = 444 Net = 443 +/~ 21
CENTROID : 69.59
SHAPE : Fwhm = 13.12 Channels Fwtm = 26.41 Channels
ROI # 1-2 RANGE : 230 to 354
AREA : Gross = 13162 Net = 12932 +/- 132
CENTROID : 335.43
SHAPE : Fwhm = 18.00 Channels Fwtm = 52.38 Channels
ROI # 1-3 RANGE : 561 to 652
AREA : Gross = 10505 Net = 9658 +/- 148
CENTROID : 631.84
SHAPE : Fwhm = 17.15 Channels Fwtm = 56.51 Channels
{
. ROI # 1-4 RANGE : 667 to 755
AREA : Gross = 6739 Net = 6160 +/- 119

CENTROID : 734.34
SHAPE : Fwhm = 26.31 Channels Fwtm = 53.75 Channels



U and Th Isotope Activities

Sample # NOPI-209

NOPI-209r

FILENAME= NP209U5.CHN

NP209TH5.CHN

Sep. date 3/20/95

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)
| 0095 | 05064 | 454.83 | 1/22/93 | 787 [445.49251] Th-228/U-232= 0.6072609
Counting time for Th=] 1000.03 (mins.) Counting time for U=] 666.723 (mins.)
Days btwn. sep. and count.= 8 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=( 0.9917536 CF for U-232=| 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 152 | 8621 | 10260 | 6249 | | 2943 | 4394 | 10228 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 3 | 12 | 18 | | 2 | 1 | 6 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 149 | 8618 [9851.2229] 6231 | [ 2941 | 4393 [10190.255]
U-238(dpm/g)=| 685.36274| + | 14.33638
U-234(dpm/g)=| 1023.7329] + | 18.46565
Th-232(dpm/g)=| 21.81132 | + | 1.782188
Th-230(dpm/g)=] 1261.5433| + | 18.43156
U-234/U-238=|1.4937096| + | 0.03558
Th-230/U-234={1.2322973| + | 0.022842
Th-230/Th-232=|57.838926{ + | 4.732533
U234/Th-232={46.935854| = | 3.927431
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= [918696.95
{m-1)
Th(ppb)= [89265.506
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2708.2115 270.53018 27.038784

Page 1



MCB

ROI

ROT

ROI

# 1

# l1o0-1

# 10-2

# 10-3

ACQ 03-23-95 AT 16:08:32 RT

40003.4

No detector description was entered

NOPI-209 U 3/24/95

RANGE 59 to 144

AREA Gross = 3029 Net =
CENTROID 119.41

SHAPE Fwhm = 20.16 Channels
RANGE 299 to 391

AREA Gross = 4580 Net =
CENTROID 368.21

SHAPE Fwhm = 28.48 Channels
RANGE 543 to 628

AREA Gross = 10845 Net =
CENTROID 604.03

SHAPE Fwhm = 35.75 Channels

2943

Fwtm

4394

Fwtm

10228

Fwtm

o)

N APAR=

LT : 40000.0

+/- 64

63.18 Channels

+/- 84

58.40 Channels

+/- 136

6@.99 Channels



MCB

ROT

ROTI

ROI

ROT

ACQ ©3-28-95

AT ©8:06:33 RT

60001.8

No detector description was entered

NOPI-209 Th 3/29/95

RANGE 19 to 93
AREA Gross = 152
CENTROID 7¢.77
SHAPE Fwhm = 5.65
RANGE 264 to 359
AREA Gross = 8765
CENTROID 341.12
SHAPE Fwhm = 21.24
RANGE 565 to 659
AREA Gross = 10877
CENTROID 637.14
SHAPE Fwhm = 19.55
RANGE 674 to 763
AREA Gross = 6940
CENTROID 740.83
SHAPE Fwhm = 23.76

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

152

Fwtm

8621

Fwtm

10260

Fwtm

6249

Fwtm

PPLATHS. A

LT : 60000.0

+/- 12

26.56 Channels

+/- 104

54.54 Channels

+/- 139

58.87 Channels

+/- 126

59.18 Channels



NOPI-298r

U and Th Isotope Activities FILENAME= NP298U5.CHN
NP298TH5.CHN
Sample # NOPI-298 Sep. date | 3/20/95
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)
| 0.2999 | o0.5056 | 454.83 | 1/22/93 | 787 | 445.4925] Th-228/U-232=| 0.6072609
Counting time for Th=| 1000.042 (mins.) Counting time for U=] 666.723 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9907702 CF for U-232=[ 1.0031153
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 252 | 8312 | 8808 | 5730 | | 4062 | 4475 | 8491 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 | 7 | 16 | 25 | | 0 [ 4 | 11 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 248 | 8305 [8320.7223]| 5705 | | 4062 | 4471 [8453.6646]
U-238(dpm/g)=| 360.8826 | + | 6.884784
U-234(dpm/g)=| 397.2196 | £ | 7.337663
Th-232(dpm/g)=| 13.59368 | + | 0.868485
Th-230(dpm/g)=| 455.2238 | £ | 6.961221
U-234/U-238=| 1.100689 | + | 0.023853
Th-230/U-234=| 1.146025 | + [ 0.021249
Th-230/Th-232=| 33.4879 | £ | 2.141279
U234/Th-232=] 29.22091 | + | 1.94336
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 483746.4
(m-1)
Th{ppb)= 55633.8

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2708.2115 270.53018 27.038784
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MCB

ROT

ROT

ROTI

# 1

# 11-1

# 11-2

# 11-3

ACQ @3-23-95 AT 16:08:32 RT

No detector description was entered

NOPI-298 U 3/24/95

RANGE 62 to 162

AREA Gross = 4233 Net =
CENTROID 136.03

SHAPE Fwhm = 34.48 Channels
RANGE 315 to 413

AREA Gross = 4658 Net =
CENTROID 386.44

SHAPE Fwhm = 34.75 Channels
RANGE 569 to 649

AREA Gross = 9611 Net =
CENTROID 622.76

SHAPE Fwhm = 41.45 Channels

WP

40003.3 LT 40000.0
4062 +/- 82

Fwtm = 69.86 Channels
4475 +/~- 86

Fwtm = 70.86 Channels
8491 +/- 150

Fwtm = 65.13 Channels

3\&S'AQY*®



NP2 a8 Th et

‘ MCB # 1 ACQ ©3-29-95 AT 08:38:36 RT : 60002.5 LT : 60000.0
No detector description was entered
NOPI-298 Th 3/3@/95

ROTI # 1-1 RANGE 21 to 87
AREA : Gross = 319 Net = 252 +/- 31
CENTROID : 74.74
SHAPE : Fwhm = 3.1 Channels Fwtm = 17.47 Channels
ROI # 1-2 RANGE : 243 to 352
AREA : Gross = 8445 Net = 8312 +/- 103
CENTROID : 334.71
SHAPE : Fwhm = 19.35 Channels Fwtm = 60.01 Channels
ROI # 1-3 RANGE : 533 to 649
AREA : Gross = 9765 Net = 8808 +/- 163
CENTROID : 630.70
SHAPE : Fwhm = 20.42 Channels Fwtm = 60.16 Channels
AR
(7" ROI # 1-4 RANGE : 665 to 756
AREA : Gross = 6571 Net = 5730 +/- 133

CENTROID : 734.91
SHAPE : Fwhm = 24.77 Channels Fwtm = 56.88 Channels



U and Th Isotope Activities

Sample # NOPI-302

NOPI-302r

FILENAME= NP302U5.CHN

NP302TH5.CHN

Sep. date | 3/20/95

Analyst JDP
Sample Spike uU-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/g)
| 0.4394 | 0.5045 | 454.83 | 1/22/93 | 787 |445.4925—| Th-228/U-232=| 0.6072609
Counting time for Th=} 1000.042 (mins.) Counting time for U=] 2000.073 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 3 (days)
CF for Th-228=| 0.9907702 CF for U-232=| 1.0035606
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 825 | 45434 | 9511 | 6372 | | 716 1036 | 389 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 2 | 3 | 12 | 22 | | 17 19 | 22 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 823 | 45431 [8424.8051] 6350 | | 699 1017 | 365.69788]
U-238(dpm/g)=| 977.6789 | + | 61.58091
U-234(dpm/g)=|_1422.46 | + | 84.58489
Th-232(dpm/g)=| 30.34288 | + | 1.101268
Th-230(dpm/g)=| 1674.979 | + | 18.8873
U-234/U-238=| 1.454936 | + | 0.070709
Th-230/U-234=| 1.177523 | + [ 0.036999
Th-230/Th-232=] 55.2017 | + | 1.939247
U234/Th-232=| 46.87953 | + | 3.265861
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= 1310533
(m-1)
Th(ppb)= 124182
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2708.2115 270.53018 27.038784
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MCB

ROTI

ROI

ROT

# 1

# 12-1

# 12-2

# 12-3

.

NEes

ACQ ©03-23-95 AT 16:08:32 RT 120004.
No detector description was entered
NOPI-302 U 3/27/95

RANGE 96 to 157

AREA Gross = 809 Net = 716
CENTROID 135.04

SHAPE Fwhm = 20.39 Channels Fwtm =
RANGE 333 to 410

AREA Gross = 1114 Net = 1036
CENTROID 385.87

SHAPE Fwhm = 16.36 Channels Fwtm =
RANGE 578 to 643

AREA Gross = 442 Net = 389
CENTROID 627.41

SHAPE Fwhm = 2.55 Channels Fwtm =

4 LT 120000.

+/- 40

44 .94 Channels

+/- 44

47.65 Channels

+/- 30

46.08 Channels

@



MCB

ROI

ROTI

ROI

ROT

"ACQ ©03-29-95

AT 08:38:36 RT
No detector description was entered
NOPI-302 Th 3/3@/95

RANGE 21 to 91

AREA Gross = 861 Net = 825
CENTROID : 73.35

SHAPE Fwhm = 9.14 Channels Fwtnm
RANGE 233 to 361

AREA Gross = 45716 Net = 45434
CENTROID 340.33

SHAPE Fwhm = 24.06 Channels Fwtm
RANGE 555 to 658

AREA Gross = 10168 Net = 9511
CENTROID 637.09

SHAPE Fwhm = 26.25 Channels Fwtm
RANGE 681 to 768

AREA Gross = 7488 Net = 6372
CENTROID 742.63

SHAPE Fwhm = 23.37 Channels Fwtm

60002.5 LT

o
wp 30z ThS "

60000.0

+/- 35

49.38 Channels

+/- 226

58.92 Channels

+/- 142

57.67 Channels

+/- 147

55.92 Channels



U and Th Isotope Activities

Sample # NOPI-372

NOPI-372

FILENAME=

Sep.date | 2/23/95

NP372U.CHN

NP372TH.CHN

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)
| 0.4962 | 1.0018 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=[0.5960073
Counting time for Th=| 1000.09 (mins.) Counting time for U=| 833.412 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9947095 CF for U-232=(1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 378 [ 8080 | 20707 | 5185 | | 5420 | 5995 | 32130
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 4 | 7 | 14 | 26 | | 9 | 8 | 6
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 374 | 8073 [20154.178] 5159 | | 5411 [ 5987 [31991.784]
U-238(dpm/g)=[152.22638| + | 2.235321
U-234(dpm/g)=|168.43085 + | 2.369609
Th-232(dpm/g)=[9.9542587| + | 0.516644
Th-230(dpm/g)=|214.86826| + | 2.818423
U-234/U-238=|1.1064498( + | 0.020738
Th-230/U-234=|1.2757061] + | 0.021746
Th-230/Th-232={21.585561| + | 1.135914
U234/Th-232=[16.920482| + | 0.909895
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 204052.4
{m-1)
Th{ppb)= 140739.027
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

Page 1




SO

MCB

ROI

ROI

ROT

1

1-1

ACQ ©2-27-95 AT 15:02:24 RT
No detector description was entered
NOPI~-372 U 2/28/95

RANGE 69 to 162

AREA Gross = 5514 Net = 5420
CENTROID 144. 31

SHAPE Fwhm = 17.60 Channels Fwtnm
RANGE 292 to 392

AREA Gross = 6075 Net = 5995
CENTROID 372.92

SHAPE Fwhm = 18.21 Channels Fwtnm
RANGE 532 to 611

AREA Gross = 33559 Net = 32130
CENTROID 590.72

SHAPE Fwhm = 17.23 Channels Fwtm

50004.7

NPFTZ U AW

LT : 50000.0

+/- 82

49.91 Channels

+/- 85

53.43 Channels

+/- 223

50.05 Channels



Ao AN

MCB # 1 ACQ 02-28-95 AT 11:01:29 RT : 60005.5 LT : 60000.0
No detector description was entered
NOPI-372 Th 3/1/95
ROI # 1-1 RANGE : 31 to 88
AREA : Gross = 435 Net = 378 +/- 30
CENTROID : 68.22
SHAPE : Fwhm = 10.73 Channels Fwtm = 34.18 Channels
ROTI # 1~2 RANGE : 261 to 354
AREA : Grosgs = 8151 Net = 8080 +/- 96
CENTROID : 336.33
SHAPE : Fwhm = 18.20 Channels Fwtm = 49.44 Channels
ROI # 1-3 RANGE : 565 to 656
AREA : Gross = 21107 Net = 20707 +/- 163
CENTROID : 632.71
SHAPE : Fwhm = 16.17 Channels Fwtm = 55.64 Channels
ROI # 1-4 RANGE : 676 to 761
AREA : Gross = 5572 Net = 5185 +/=- 102

CENTROID : 731.69
SHAPE : Fwhm = 31.16 Channels Fwtm = 54,17 Channels



NOPI-373

FILENAME= NP373U.CHN

NP373TH.CHN

Sep. date | 2/23/95

U and Th Isotope Activities

Sample # NOPI-373

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)
[ 05068 | 1.0021 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=( 0.5960073
Counting time for Th=] 1000.09 (mins.) Counting time for U=| 833.412 (mins.)
Days btwn. sep. and count.= 5 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9947095 CF for U-232=[1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 462 | 11003 | 18594 | 4702 | [ 7040 | 7611 | 24327 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
{2 | 3 [ 12 | 18 | L 2 [ s 1 5 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 460 | 11000 [17971.259] 4684 | [ 7038 | 7606 [24221.896]
U-238(dpm/g)=[256.11922| + | 3.466156
U-234(dpm/g)=}276.78926| + | 3.635281
Th-232(dpm/g)={13.447202| + | 0.633345
Th-230(dpm/g)=| 321.56352| + | 3.867663
U-234/U-238=|1.0807047| + | 0.01787
Th-230/U-234=] 1.161763 | + | 0.017321
Th-230/Th-232=[23.913043}| + | 1.135652
U234/Th-232=]20.583409( £ | 1.006438
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= |343315.93
{m-1)
Thi{ppb)= |55034.326
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

Page 1




MCB

ROI

ROI

ROI

#

1

N P 373U

ACQ ©02-~-27-95 AT 15:02:24 RT : 50004.7 LT : 50000.0
No detector description was entered
NOPI-373 U 2/28/95

RANGE : 63 to 170

AREA : Gross = 7188 Net = 7040 +/- 98
CENTROID : 147.78

SHAPE : Fwhm = 30.87 Channels Fwtm = 64.36 Channels
RANGE : 292 to 398

AREA : Gross = 7805 Net = 7611 +/- 104
CENTROID : 377.97

SHAPE : Fwhm = 35.27 Channels Fwtm = 64.89 Channels
RANGE : 536 to 617

AREA : Gross = 26200 Net = 24327 +/- 219
CENTROID : 603.40

n w

SHAPE : Fwhm 35.31 Channels Fwtm 57.49 Channels



9Pz Th-CH

MCB # 1 ACQ ©2-28-95 AT 11:01:29 RT : 600@5.5 LT : 60000.0
No detector description was entered
NOPI-373 Th 3/1/95

ROI # 2-1 RANGE : 32 to 91
AREA : Gross = 477 Net = 462 +/- 24
CENTROID : 75.73
SHAPE : Fwhm = 15.21 Channels Fwtm = 33.74 Channels
ROI # 2-2 RANGE : 280 to 362
AREA : Gross = 11086 Net = 11063 +/- 110
CENTROID : 343.23
SHAPE : Fwhm = 16.45 Channels Fwtm = 49.65 Channels
ROI # 2-3 RANGE : 566 to 667
AREA : Gross = 18797 Net = 18594 +/- 148
CENTROID : 639.65
SHAPE : Fwhm = 15.14 Channels Fwtm = 54.49 Channels
t(;; RN
W ROI & 2-4 RANGE : 684 to 762
AREA : Gross = 4991 Net = 4702 +/- 91

CENTROID : 739.94
SHAPE : Fwhm = 25.53 Channels Fwtm = 48.73 Channels



NOPI-374

FILENAME= NP374U.CHN

NP374TH.CHN

Sep. date | 2/23/95

U and Th Isotope Activities

Sample # NOPI-374

£

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)
[ 0512 | 0.4995 | 454.83 [ 1/22/93 | 762 [445.78616] Th-228/U-232=| 0.5960073
Counting time for Th=| 471.907 (mins.) Counting time for U=| 833.412 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.993904 CF for U-232=] 1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 127 ] 2679 | 4573 | 1544 | | 3071 | 2875 | 10015 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
2 [ 4 | 7 [ 12 | L6 | o [ 8 ]
Th-232* Th-230" Th-228sp Ra-224* U-238"* U-234* U-232sp
counts counts counts counts counts counts counts
125 | 2675 [4387.3111] 1532 | | 3065 | 2866 |9965.8133]
U-238(dpm/g)=|133.75494| + | 2.758976
U-234(dpm/g)=| 125.07069] + | 2.646291
Th-232(dpm/g)=|7.3850808| + | 0.664357
Th-230(dpm/g)=|158.04073| + | 3.845129
U-234/U-238=|0.9350734| + | 0.024266
Th-230/U-234=[1.2636112| + | 0.033932
Th-230/Th-232= 21.4 + 11.943432
U234/Th-232=| 16.935589| + | 1.565087
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= 179292.3
(m-1)
Th(ppb)= |30224.351
Spike 25A  Spike 256B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755 265.69179 26.555199
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NP37THW LW

MCB # 1 ACQ ©2-27-95 AT 15:02:25 RT : 50004.7 LT : 56000.0@
No detector description was entered
NOPI-374 U 2/28/95

ROI # 7-1 RANGE : 77 to 153

AREA : Gross = 3148 Net = 3071 +/- 63

CENTROID : 127.50

SHAPE : Fwhm = 22.36 Channels Fwtm = 50.63 Channels
ROI # 7-2 RANGE : 319 to 491

AREA : Grosgs = 2987 Net = 2875 +/- 66

CENTROID : 376.18

SHAPE : Fwhm = 25,19 Channels Fwtm = 47.89 Channels
ROI # 7-3 RANGE : 555 to 641

AREA : Gross = 10392 Net = 10015 +/- 123

CENTROID : 612.66

SHAPE : Fwhm = 22.27 Channels Fwtnm 52.36 Channels



MCB

ROI

ROI

ROI

ACQ 03-91-95 AT 08:20:04 RT
No detector description was entered
NOPI-374 Th 3/1/95

RANGE 31 to 84
AREA : Gross = 127 Net = 127
CENTROID 74.00

SHAPE : Fwhm =

RANGE 272 to 353

AREA : Gross = 2699 Net = 2679
CENTROID 337.04

SHAPE Fwhm = 13.70 Channels Fwtm
RANGE 568 to 654

AREA : Gross = 4729 Net = 4573
CENTROID 633.43

SHAPE : Fwhm =

RANGE 696 to 758

AREA : Gross = 1638 Net = 1544
CENTROID 736.54

SHAPE Fwhm = 21.00 Channels Fwtm

28314.4

3.00 Channels Fwtn

14.89 Channels Fwtm

pp374TI- LN

LT : 28313.3

+/- 11

11.88 Channels

+/- 54

47.91 Channels

+/- 82

34.99 Channels

+/- 49

41.98 Channels



U and Th Isotope Activities

Sample # NOPI-375

NOPI-375

FILENAME= NP375U.CHN

NP375TH.CHN

Sep. date | 2/23/95

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)
[ 05113 | 0.9868 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=| 0.5960073
Counting time for Th=| 473.317 (mins.) Counting time for U=} 500.05 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9939035 CF for U-232=( 1.0040215
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 144 | 10063 | 7454 | 2626 | 4943 | 5369 | 7269 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+ [ 2 [ 6 | 9 | 5 | 7 [ 8 ]
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 143 | 10061 [7211.1334] 2617 | 4938 | 5362 [7231.9166]
U-238(dpm/g)=| 587.45906( + [ 10.83025
U-234(dpm/g)=|637.90107| + | 11.47912
Th-232(dpm/g)=| 10.168666| £ | 0.855535
Th-230(dpm/g)=| 715.43323| + { 10.93303
U-234/U-238=| 1.0858647| + | 0.021405
Th-230/U-234=| 1.1215426| + | 0.018955
Th-230/Th-232=| 70.356643| + | 5.904854
U234/Th-232=[62.732029| + | 5.397298
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= |787461.61
(m-1)
Th(ppb)= |41616.516
Spike 256A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

Page 1



< L

MCB

ROI

ROI

ROT

#

1

P P3TSU- LHw

ACQ ©2~-27-95 AT 15:02:25 RT : 30003.0 LT : 30000.0
No detector description was entered
NOPI-375 U 2/28/95

RANGE : 25 to 149

AREA : Gross = 5381 Net = 4943 +/- 117
CENTROID : 115.60

SHAPE : Fwhm = 56.68 Channels Fwtm =

92.07 Channels

RANGE : 262 to 409

AREA : Gross = 5619 Net = 5369 +/- 104
CENTROID : 363.20

SHAPE : Fwhm = 57.90 Channels Fwtm = 120.52 Channels
RANGE : 537 to 641

AREA : Gross = 8494 Net = 7269 +/~ 166

CENTROID : 599.11

SHAPE : Fwhm = 53.09 Channels Fwtn 82.37 Channels



MCB

ROTI

ROT

ROI

ROI

ACQ ©3-01-95 AT

08:20:04 RT

28405.9

No detector description was entered

NOPI-375 Th 3/1/95

RANGE 33 to 92
AREA Gross = 144
CENTRCID 78.00
SHAPE Fwhm = 1.83
RANGE 265 to 362
AREA Gross = 10112
CENTROID 342.93
SHAPE Fwhm = 17.96
RANGE 567 to 657
AREA Gross = 7636
CENTROID 639.30
SHAPE Fwhm = 15.46
RANGE 687 to 762
AREA Gross = 2892
CENTROID 742.25
SHAPE Fwhm = 21.73

Net =

Channels

Net

Channels

Net

Channels

Net

Channels

144

Fwtm

10063

Fwtm

7454

Fwtm

2626

Fwtm

NP;?:’TK.G“‘“")

LT : 28404.8

+/- 12

13.96 Channels

+/~ 104

49.19 Channels

+/- 109

55.60 Channels

+/- 76

40.60 Channels



U and Th Isotope Activities

Sample # NOPI-376

NOPI-376

FILENAME=

NP376U.CHN
NP376TH.CHN

Sep. date | 2/23/95

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)
[ 0.5068 | 0.9862 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=| 0.5960073
Counting time for Th=] 911.505 (mins.) Counting time for U=] 833.412 {mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9937535 CF for U-232=] 1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 231 | 8585 | 15224 | 6055 | 1806 1942 | 8255
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 5 | 13 | 24 | 1 3 | 9
Th-232* Th-230* Th-228sp Ra-224* uU-238~ U-234* U-232sp
counts counts counts counts counts counts counts
| 208 | 8580 | 14756.96 [ 6031 | 1805 1939  [8212.0612]
U-238(dpm/g)={ 190.66896| + | 4.953169
U-234(dpm/g)=[204.82389| + | 5.165753
Th-232(dpm/g)=| 7.9881179} + | 0.529552
Th-230(dpm/g)=| 300.60549| + | 4.057261
U-234/U-238=)1.0742382| + | 0.035117
Th-230/U-234={1.4676291| + | 0.036879
Th-230/Th-232=| 37.631579| + [ 2.509066
U234/Th-232={ 25.64107 | + | 1.818666
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= 255582.9
(m-1)
Th(ppb)= |32692.354
Spike 256A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755

265.69179 26.555199

Page 1



NP 37k W.Ct

MCB # 1 ACQ ©2-27-95 AT 15:02:25 RT : 50004.7 LT : 50000.0
No detector description was entered
NOPI-376 U 2/28/95

ROI # 9-1 RANGE : 65 to 158 .

AREA : Gross = 1900 Net = 1806 +/- 56

CENTROID : 130.91

SHAPE : Fwhm = 41.26 Channels Fwtm = 70.40 Channels
ROI # 9-2 RANGE : - 311 to 405

AREA : Gross = 2084 Net = 1942 +/- 64

CENTROID : 379.54

SHAPE : Fwhm = 20.43 Channels Fwtm = 72.74 Channels
ROI # 9-3 RANGE : 540 to 645

AREA : Gross = 8749 Net = 8255 +/- 128

CENTROID : 608.94

SHAPE : Fwhm = 46.91 Channels Fwtm 75.79 Channels




NP37L Th.cHN

MCB # 1 ACQ ©03-01-95 AT 16:32:19 RT : 546%0.3 LT : 54687.0
No detector description was entered
NOPI-376 Th 3/2/95

ROI # 1-1 RANGE : 31 to 87

AREA : Gross = 280 Net = 231 +/- 25

CENTROID : 72.93

SHAPE : Fwhm = 5.05 Channels Fwtm = 27.58 Channels
ROI # 1-2 RANGE 252 to 353

AREA : Gross = 8687 Net = 8585 +/- 101

CENTROID : 336.44 ,

SHAPE : Fwhm = 17.73 Channels Fwtm = 49.16 Channels
ROI # 1-3 RANGE : 559 to 656

AREA : Gross = 15812 Net = 15224 +/- 156

CENTROID : 632.95

SHAPE : Fwhm = 16.44 Channels Fwtm = 55.80 Channels
ROI # 1-4 RANGE : 685 to 758

AREA : Gross = 6436 Net = 6055 +/- 102

CENTROID : 737.16
SHAPE : Fwhm = 21.59 Channels Fwtm = 46.09 Channels



NOPI-377

U and Th Isotope Activities FILENAME= NP377U.CHN
NP377TH.CHN
Sample # NOPI-377 Sep. date | 2/23/95
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)
| 05159 | 0.9844 | 454.83 | 1/22/93 | 762 [445.78616]| Th-228/U-232=( 0.5960073
Counting time for Th=] 912.475 (mins.) Counting time for U=] 833.412 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9937532 CF for U-232=| 1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 uU-232
counts counts counts counts counts counts counts
| 3868 | 9103 | 17860 | 6990 | | 4458 | 5603 | 23413 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
L+t 8 1 10 [ 17 ] L+ [+ 1 9o |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 367 | 9100 [17223.314] 6973 | | 4457 | 5602 [23307.674]
U-238(dpm/g)=|162.65835| £ | 2.657994
U-234(dpm/g)=|204.44516| + | 3.040582
Th-232(dpm/g)=[10.802731( + | 0.568903
Th-230(dpm/g)=|267.86063| + | 3.44953
U-234/U-238=|1.2568993] + | 0.025226
Th-230/U-234=(1.3101833| + | 0.022247
Th-230/Th-232=| 24.79564 | + | 1.31843
U234/Th-232=| 18.925322| + | 1.035644

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= [218035.97
(m-1)

Th(ppb)= [44211.503

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

AT

Page 1



,\)()577\/\,0\%\!k

MCB # 1 ACQ ©02-27-95 AT 15:02:26 RT : 50004.7 LT : 50000.0
No detector description was entered
NOPI-377 U 2/28/95

ROI # 10-1 RANGE : 52 to 146

AREA : Gross = 4534 Net = 4458 +/- 75

CENTROID : 117.09

SHAPE : Fwhm = 33.96 Channels Fwtm = 59.54 Channels
ROI # 10-2 RANGE : 295 to 392

AREA : Gross = 5750 Net = 5603 +/- 89

CENTROID : 365.42

SHAPE : Fwhm = 35.89 Channels Fwtm = 58.79 Channels
ROI # 10-3 RANGE : 532 to 631

AREA : Gross = 23980 Net = 23413 +/~- 180

CENTROID : 601.84

SHAPE : Fwhm = 39.06 Channels Fwtm 62.67 Channels

ST



MCB

ROI

ROT

ROI

3
I
[\

NP377Th. CHW

ACQ 03-01-95 AT 16:32:19 RT : 54748.5 LT : 54745.3
No detector description was entered
NOPI-377 Th 3/2/95

RANGE : 29 to 95

AREA : Gross = 368 Net = 368 +/- 19
CENTROID : 77.34

SHAPE : Fwhm = 13.69 Channels Fwtm = 45.52 Channels
RANGE : 27@ to 363

AREA : Gross = 9225 Net = 9103 +/- 104
CENTROID : 343.00

SHAPE : Fwhm = 17.84 Channels Fwtm = 52.60 Channels
RANGE : 567 to 661

AREA : Gross = 18430 Net = 17860 +/- 162
CENTROID : 639.45

SHAPE : Fwhm = 16.72 Channels Fwtm = 56.35 Channels
RANGE : 686 to 1766

AREA : Gross = 7597 Net = 6990 +/- 121

CENTROID : 741.92
SHAPE : Fwhm = 27.27 Channels Fwtm = 50.92 Channels



NOPI-378

U and Th Isotope Activities FILENAME= NP378U.CHN
NP378TH.CHN
Sample # NOPI-378 Sep. date | 2/23/95
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)
| 0.5059 ] 0.5004 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=| 0.5960073
Counting time for Th=] 457.13 {mins.) Counting time for U=| 833.412 (mins.)
Days btwn. sep. and count.= 7 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=| 0.9929236 CF for U-232=| 1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 160 | 4449 | 5170 | 2452 | | 5249 | 5486 | 10481 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
2 [ 3 1 7 [ 11 | L+ 1 4 [ 14 |
Th-232~ Th-230" Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 158 | 4446 | 4911.501 [ 2441 | | 5248 | 5482 [ 10423.92 ]
U-238(dpm/g)={221.99437| + | 3.753761
U-234(dpm/g)={231.89275| + | 3.864289
Th-232(dpm/g)=| 8.4542212} + | 0.678628
Th-230(dpm/g)=|237.89537| + | 4.864906
U-234/U-238=]1.0445884| + | 0.020169
Th-230/U-234=| 1.0258853| + | 0.020698
Th-230/Th-232=|28.139241| + | 2.264251
U234/Th-232=|27.429226| + | 2.248714

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= |297573.15
{m-1)
Th(ppb)= |34599.939

Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

Page 1



NP7 3 U

MCB # 1 ACQ ©2-27-95 AT 15:82:26 RT : 50004.7 LT : 50000.0
No detector description was entered
NOPI-378 U 2/28/95

ROI # 11-1 RANGE : 61 to 163

AREA : Gross = 5456 Net = 5249 +/- 93

CENTROID : 133.12

SHAPE : Fwhm = 41.27 Channels Fwtm = 72.85 Channels
ROI # 11-2 RANGE : 317 to 416

AREA : Gross = 5770 Net = 5486 +/- 100

CENTROID : 380.76

SHAPE : Fwhm = 41.04 Channels Fwtm = 71.32 Channels
ROI # 11-3 RANGE : 561 to 651

AREA : Gross = 11556 Net = 10481 +/- 160

CENTROID : 618,95

SHAPE : Fwhm = 40.20 Channels Fwtm 65.82 Channels




MCB

ROT

ROI

ROI

" ROI

ACQ ©03-02-95

NOPI-378 Th 3/2/95

RANGE 25 to 86
AREA Gross = 160
CENTROID 74.38
SHAPE Fwhn = 2.34
RANGE 269 to 355
AREA Gross = 4471
CENTROID 336.55
SHAPE Fwhm = 16.31
RANGE 567 to 647
AREA Gross = 5468
CENTROID 632.96
SHAPE Fwhm = 14.76
RANGE 689 to 757
AREA : Gross = 2659
CENTROID 736.65
SHAPE Fwhm = 18.46

AT ©@7:56:40 RT

Net =

Channels

Net =

Channels

Net =

Channels

Net =

Channels

27427.
No detector description was entered

160

Fwtm

4449

Fwtm

5170

Fwtm

2452

Fwtm

ws{f§?737ﬂ\13%ﬂﬁ
8 LT

27427.@

+/- 13

16.92 Channels

+/- 69

48.97 Channels

+/- 94

31.02 Channels

+/- 68

36.79 Channels



NOPI-379

U and Th Isotope Activities FILENAME= NP379U.CHN
NP379TH.CHN
Sample # NOPI-379 Sep. date | 2/23/95
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)
| 05017 | 0.498 | 454.83 | 1/22/93 | 762 [445.78616] Th-228/U-232=| 0.5960073
Counting time for Th=] 913.735 (mins.) Counting time for U=} 833.412 (mins.)
Days btwn. sep. and count.= 6 (days) Days btwn. sep. and count.= 4 (days)
CF for Th-228=] 0.9937528 CF for U-232=[ 1.0041328
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 213 | 5568 | 7493 | 3261 | | 2614 | 3079 | 7249 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
i 5 | 12| 26 | 97 | I 8 | 8 | 9 |
Th-232~ Th-230* Th-228sp Ra-224* uU-238~ U-234* U-232sp
counts counts counts counts counts counts counts
[ 208 | 5556 [7137.1952] 3164 | | 2606 | 3071 [7210.2017]
U-238(dpm/g)={ 169.93327] + | 3.648812
U-234(dpm/g)=| 188.47087] + | 4.054231
Th-232(dpm/g)=| 7.685978 | + [ 0.534067
Th-230(dpm/g)=| 205.3043 | + | 3.632526
U-234/U-238=]1.1784344| + | 0.031341
Th-230/U-234=]1.0893158| + | 0.024464
Th-230/Th-232={26.711538} + | 1.864923
U234/Th-232=| 24.52139 | + | 1.783672
Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U(ppb)= [214383.13
(m-1)
Th{ppb)= | 31455.81
Spike 26A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2659.7755 265.69179 26.555199

Page 1



NP>74U.CH

MCB # 1 ACQ ©2-27-95 AT 15:02:26 RT : 50004.7 LT : 50000.0
No detector description was entered
NOPI-379 U 2/28/95

ROI # 12-1 RANGE : 8@ to 155

AREA : Gross = 2861 Net = 2614 +/- 74

CENTROID : 133.87

SHAPE : Fwhm = 24.44 Channels Fwtm = 51.06 Channels
ROI # 12-2 RANGE : 333 to 410

AREA : Gross = 3220 Net = 3079 +/- 69

CENTROID : 384.77

SHAPE : Fwhm = 21.35 Channels Fwtm = 54,21 Channels
ROI # 12-3 RANGE : 573 to 648

AREA : Gross = 7870 Net = 7249 +/- 120

CENTROID : 621.36

SHAPE : Fwhm = 23.84 Channels Fwtnm 52.93 Channels




T

MCB

ROI

ROT

ROT

" ROT

ACQ 03-01-95 AT 16:32:20 RT
No detector description was entered
NOPI-379 Th 3/2/95

RANGE 18 to 78

AREA Gross = 252 Net = 213
CENTROID 58.69

SHAPE Fwhm = 6.81 Channels
RANGE 241 to 335

AREA Gross = 5662 Net = 5568
CENTROID 312.92

SHAPE Fwhm = 19.34 Channels
RANGE 526 to 614

AREA Gross = 7862 Net = 7493
CENTROID 592.88

SHAPE Fwhm = 16.93 Channels
RANGE 634 to 713

AREA Gross = 3370 Net = 3261
CENTROID 689.16

SHAPE Fwhm = 21.41 Channels

Fwtm

Fwtm

Fwtnm

Fwtnm

54824.1

NP 374 Th.CHW

LT : 54820.9

+/~- 24

28.51 Channels

+/- 83

53.61 Channels

+/- 112

55.48 Channels

+/- 68

50.36 Channels



NOPI-380

U and Th Isotope Activities FILENAME= NP380U.CHN
NP380TH.CHN
Sample # NOPI-380 Sep. date | 3/28/95
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)
| 0.509 | 0.4964 | 454.83 | 1/22/93 I 795 |445.3986| Th-228/U-232=( 0.6108101
Counting time for Th=] 1404.733 (mins.) Counting time for U=] 940.72 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9906322 CF for U-232=| 1.0060892
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 462 | 7208 | 14204 | 6271 | | 3643 | 3450 | 12706 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 7 | 10 | 23 | 36 | | 0 | 5 | 16 |
Th-232* Th-230* Th-228sp Ra-224* U-238* u-234* U-232sp
counts counts counts counts counts counts counts
| 455 | 7288 |13526.522| 6235 | | 3643 | 3445 [12613.196]
U-238(dpm/g)=| 125.4576 | + | 2.357808
U-234(dpm/g)= 118.6388 | + [ 2.277613
Th-232(dpm/g)=| 8.924714 | + [ 0.421914
Th-230(dpm/g)=| 142.9523 | + | 2.058844
U-234/U-238=| 0.945649 | + | 0.022465
Th-230/U-234=| 1.204937 | + | 0.024895
Th-230/Th-232=| 16.01758 | + [ 0.768431
U234/Th-232=] 13.29329 | + | 0.678279
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 168170.1
(m-1)

Thi(ppb)=

Spike 25A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

Page 1



NP3ZOU X

MCB # 1 ACQ 04-03-95 AT 14:58:45 RT : 56443.4 LT : 56436.5
No detector description was entered
NOPI-380 U 4/4/95

ROT # 11-1 RANGE : 65 to 165

AREA : Gross = 3796 Net = 3643 +/- 78

CENTROID : 137.65

SHAPE : Fwhm = 32.09 Channels Fwtm = 51.56 Channels
ROI # 11-2 RANGE : 326 to 408

AREA : Gross = 3699 Net = 3450 +/- 82

CENTROID : 388.61

SHAPE : Fwhm = 23.01 Channels Fwtm = 54,68 Channels
ROI # 11-3 RANGE : 561 to 649

AREA : Gross = 13551 Net = 12706 +/- 156

CENTROID : 624.96

SHAPE : Fwhm = 27.35 Channels Fwtm 59.91 Channels




‘\)Pagofﬂ,\,o\w

" MCB # 1 ACQ 04-05-95 AT ©7:26:58 RT : 84284.0 LT : 84281.2
No detector description was entered
NOPI-380 Th 4/6/95

ROI # 1-1 RANGE : 20 to 86

AREA : Gross = 512 Net = 462 +/=- 31

CENTROID : 64.94

SHAPE : Fwhm = 1.62 Channels Fwtm = 39.98 Channels
ROI # 1-2 RANGE : 242 to 353

AREA : Gross = 7392 Net = 7298 +/- 95

CENTROID : 333.08

SHAPE : Fwhm = 30.49 Channels Fwtm = 59.43 Channels
ROI # 1-3 RANGE : 533 to 652

AREA : Gross = 15063 Net = 14204 +/- 175

CENTROID : 630.11

SHAPE : Fwhm = 19,52 Channels Fwtm = 62.51 Channels

i ROI # 1-4 RANGE : 662 to 755

e AREA : Gross = 7008 Net = 6271 +/- 131
CENTROID : 730.34

SHAPE : Fwhm = 36.38 Channels Fwtm = 71.15 Channels




£
3
N
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U and Th Isotope Activities

Sample # NOPI-381

NOPI-381

FILENAME= NP381U.CHN

NP381TH.CHN

Sep.date | 3/28/95

Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g9) weight (g) (dpm/qg) of spike ref. and sep. (dpm/g)
| 0506 | o0.499 | 454.83 | 1/22/93 | 795 [ 445.3986 | Th-228/U-232=( 0.6108101
Counting time for Th=] 1405.32 (mins.) Counting time for U=] 940.72 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.990632 CF for U-232=| 1.0060892
Th-232 Th-230 . Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 433 | 46535 | 14142 | 6537 | | 5741 | 6680 | 3392 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 6 | 15 | 26 | I 15 | 13 | 12 |
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 430 | 46529 [13482.248] 6511 | | 5726 | 6667 | 3359.543 |
U-238(dpm/g)=| 748.6348 [ + [ 16.21269
U-234(dpm/g)=| 871.664 | + | 18.37769
Th-232(dpm/g)=| 8.556797 | + | 0.417461
Th-230(dpm/g)=[ 925.9052 | + | 8.890645
U-234/U-238=| 1.164338 | + | 0.020954
Th-230/U-234=| 1.062227 | + | 0.013898
Th-230/Th-232=| 108.207 | £ | 5.224232
U234/Th-232=| 101.868 | + | 5.414064
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 1003510
(m-1)
Th(ppb)= | 35019.74
Spike 25A  Spike 256B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

Page 1



MCB

ROTI

ROI

ROI

# 12-1

# 12-2

# 12-3

ACQ 04-03-955 AT 14:58:46 RT : 56443.2
No detector description was entered
NOPI-381 U 4/4/95

RANGE : 53 to 156

AREA : Gross = 6401 Net = 5741
CENTROID : 131.36

SHAPE : Fwhm = 37.97 Channels Fwtm =
RANGE : 294 to 405

AREA : Gross = 7166 Net = 6680
CENTROID : 375.80

SHAPE : Fwhm = 39.18 Channels Fwtm =
RANGE : 559 to 646

AREA : Gross = 4008 Net = 3392

CENTROID : 613.30
SHAPE : Fwhm = 42.84 Channels Fwtm

,\,pggm.umo

LT : 56436.3

+/- 129

69.51 Channels

+/- 124

77.7@ Channels

+/- 109

65.04 Channels



MCB

ROTI

ROI

ROI

ROI

ez TRt

ACQ 04-05-95 AT 07:26:58 RT : 84319.0 LT : 84316.2
No detector description was entered
NOPI~381 Th 4/6/95

RANGE : 21 to 96

AREA : Gross = 507 Net = 433 +/- 36
CENTROID : 71.04

SHAPE : Fwhm = 11.05 Channels Fwtm = 33.69 Channels
RANGE : 230 to 363

AREA : Gross = 46648 Net = 46535 +/- 221
CENTROID : 340.96

SHAPE : Fwhm = 20.72 Channels Fwtm = 55.42 Channels
RANGE : 547 to 656

AREA : Gross = 14857 Net = 14142 +/- 163
CENTROID : 637.11

SHAPE : Fwhm = 18.31 Channels Fwtm = 57.87 Channels
RANGE : 669 to 765

AREA : Gross = 7541 Net = 6537 +/- 148

CENTROID : 738.95
SHAPE : Fwhm = 32.11 Channels Fwtm = 57.38 Channels



U and Th Isotope Activities

Sample # NOPI-382

FILENAME=

NOPI-382

NP382U.CHN
NP382TH.CHN

Sep. date | 3/28/95

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)
[0.5078 | 0.4902 | 454.83 | 1/22/93 | 795 | 445.3986 | Th-228/U-232=( 0.6108101
Counting time for Th=] 1443.87 (mins.) Counting time for U=] 940.72 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9906188 CF for U-232=| 1.0060892
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 362 | 43416 | 11650 | 6516 | | 7303 6157 | 2823 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 6 | 10 | 23 | 39 | | 22 16 | 8 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 356 | 43406 [11034.576] 6477 | 7281 6141 [2797.9626
U-238(dpm/g)=| 1139.41 + 1 25.25182
U-234(dpm/g)=| 961.01 + 121.84369
Th-232(dpm/g)=| 8.62842 | + [ 0.460492
Th-230(dpm/g)=| 1052.037 | + [ 10.97703
U-234/U-238=| 0.843428 | £ | 0.014593
Th-230/U-234={ 1.09472 | + |1 0.014908
Th-230/Th-232=] 121.927 | + 6.435
U234/Th-232=| 111.3773 | = | 6.460764
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 1627326
(m-1)
Th(ppb)= { 35312.87
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

Page 1



MCB # 1

ROI # 13-1

ROI # 13-2

ROI # 13-3

NP3B2ZU -CATM

ACQ 04-03-95 AT 14:58:46 RT : 56443.1 LT : 56436.1
No detector description was entered
NOPI-382 U 4/4/95

RANGE : 33 to 145

AREA : Gross = 7625 Net = 7303 +/- 114
CENTROID : 112.97

SHAPE : Fwhm = 45.35 Channels Fwtm = 78.53 Channels
RANGE : 286 to 394

AREA : Gross = 6614 Net = 6157 +/- 118
CENTROID : 360.67

SHAPE : Fwhm = 45.44 Channels Fwtm = 73.71 Channels
RANGE : 547 to 630

AREA : Gross = 3425 Net = 2823 +/- 103

CENTROID : 596.52

SHAPE : Fwhm = 35.58 Channels Fwtm 58.93 Channels



et alel )

"MCB # 1 ACQ ©04-06-95 AT 06:57:46 RT : 86632.4 LT : 86629.0
No detector description was entered
NOPI-382 Th 4/7/95

ROT # 1-1 RANGE : 27 to 85

AREA : Gross = 450 Net = 362 +/- 34

CENTROID : 62.8@

SHAPE : Fwhm = 4,22 Channels Fwtm = 39.66 Channels
ROI # 1-2 RANGE : 231 to 359

AREA : Gross = 43718 Net = 43416 +/- 223

CENTROID : 334.44

SHAPE : Fwhm = 20.69 Channels Fwtm = 57.91 Channels
ROI # 1-3 RANGE : 559 to 651

AREA : Gross = 12597 Net = 11650 +/- 159

CENTROID : 63@.54

SHAPE : Fwhm = 18.30 Channels Fwtm = 59.13 Channels

' f‘ROI # 1-4 RANGE : 663 to 758
- AREA : Gross = 7922 Net = 6516 +/- 166
CENTROID : 73@.5@
SHAPE : Fwhm = 35.05 Channels Fwtm = 62.11 Channels




U and Th Isotope Activities

Sample # NOPI-383

FILENAME=

NOPI-383

NP383U.CHN
NP383TH.CHN

Sep. date | 3/28/95

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 | 0.4985 | 454.83 | 1/22/93 I 795 | 445.3986] Th-228/U-232=]| 0.6108101
Counting time for Th={ 1444.37 (mins.) Counting time for U=] 940.72 (mins.)
Days btwn. sep. and count.= 9 (days) Days btwn. sep. and count.= 6 (days)
CF for Th-228=| 0.9906186 CF for U-232=] 1.0060892
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 369 | 12965 | 23450 | 12716 | | s927 6296 | 11082 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkagd
| 3 | 4 | 17 | 27 | | 20 23 | 21 |
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 366 | 12961 [ 22610.03 ] 12689 | 5907 6273 |10994.055]
U-238(dpm/g)=| 235.8079 | + | 3.794646
U-234(dpm/g)=| 250.4187 | + | 3.952075
Th-232(dpm/g)=| 4.339458 | £ | 0.227674
Th-230(dpm/g)=| 153.6714 | + | 1.681804
U-234/U-238=| 1.06196 | £ | 0.01922
Th-230/U-234=| 0.613658 | =+ | 0.009426
Th-230/Th-232=| 35.41257 | + | 1.869555
U234/Th-232={ §7.70736 | + | 3.161678
Decay u-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 316089.6
(m-1)
Th(ppb)= { 17759.77

Spike 25A
10/9/92

Spike 25B

Spide 25C

Th-228 (dpm/g)= 2723.4657 272.05397 27.191082
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ROT

ROI

ROT

# 1

# 14-1

# 14-2

# 14-3

ACQ 04-03-95 AT 14:58:46 RT
No detector description was entered
NOPI-383 U 4/4/95

RANGE 52 to 152

AREA Gross = 6062 Net = 5927
CENTROID 122.60

SHAPE Fwhm = 33.89 Channels Fwtm
RANGE 296 to 398

AREA Gross = 6451 Net = 6296
CENTROID 370.30

SHAPE Fwhm = 36.95 Channels Fwtm
RANGE 549 to 634

AREA Gross = 12100 Net = 11082
CENTROID 604 .55

SHAPE Fwhm = 41.14 Channels Fwtnm

56442.9

igex:¥, o

LT : 56435.9

+/- 90

66.08 Channels

+/- 94

65.10 Channels

+/- 157

62.92 Channels



MCB

ROI

ROT

ROI

ROT

pp 35T

ACQ 04-06-95 AT 0©6:57:46 RT : 86662.3 LT : 86658.9
No detector description was entered
NQPI~383 Th 4/7/95

RANGE : 27 to 91

AREA : Gross = 418 Net = 369 +/- 29
CENTROID : 79.02

SHAPE : Fwhm = 6.49 Channels Fwtm = 43.67 Channels
RANGE : 250 to 360

AREA : Gross = 13131 Net = 12965 +/- 126
CENTROID : 341.29

SHAPE : Fwhm = 19.59 Channels Fwtm = 54.54 Channels
RANGE : 531 to 659

AREA : Gross = 24504 Net = 23450 +/- 212
CENTROID : 637.34

SHAPE : Fwhm = 17.59 Channels Fwtm = 58.35 Channels
RANGE : 673 to 763

AREA : Gross = 13839 Net = 12716 +/- 169

CENTROID : 736.12
SHAPE : Fwhm = 34.75 Channels Fwtm = 61.32 Channels



NOPI-384

U and Th Isotope Activities FILENAME= NP384U.CHN
NP384TH.CHN
Sample # NOPI-384 Sep.date | 3/28/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn uU-232*
weight (g) weight (g) (dpm/g) of spike  ref. and sep. (dpm/q)
[ 0.5105 | 0.4981 | 454.83 | 1/22/93 | 795 [ 445.3986 | Th-228/U-232=( 0.6108101
Counting time for Th=] 1333.36 {mins.) Counting time for U=] 1453.853 | (mins.)
Days btwn. sep. and count.= 10 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.9896742 CF for U-232=| 1.0072187
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 281 | 5540 | 8138 | 5101 | | 6104 | 6468 | 14939 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| e | 15 | 22 | 36 | | 16 | 22 | 13 ]
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234~ U-232sp
counts counts counts counts counts counts counts
275 | 5525 |7654.4324] 5065 | | 6088 | 6446 |14819.026]
U-238(dpm/g)=| 178.5355 | + | 2.712129
U-234(dpm/g)=| 189.0342 | + { 2.813665
Th-232(dpm/g)=| 9.536644 | + | 0.578647
Th-230(dpm/g)=| 191.5998 | + | 3.337281
U-234/U-238=| 1.058804 | + | 0.018894
Th-230/U-234=| 1.013573 | + [ 0.018555
Th-230/Th-232=]| 20.09091 | + | 1.228543
U234/Th-232=| 19.82187 | + | 1.238375

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= | 239318.6
(m-1)
Th(ppb)= | 39029.89
Spike 25A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2723.4657 272.05397 27.191082
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Pt

PP BB LT

MCB # 1 ACQ 04-04-95 AT 06:59:02 RT : 87231.2 LT : 87223.9
No detector description was entered
NOPI-384 U 4/5/95

ROI # 7-1 RANGE : 40 to 150

AREA : Gross = 6493 Net = 6104 +/- 114

CENTROID : 127.68

SHAPE : Fwhm = 34.58 Channels Fwtm = 7@.93 Channels
ROI # 7-2 RANGE : 285 to 400

AREA : Gross = 6874 Net = 6468 +/- 118

CENTROID : 377.07

SHAPE : Fwhm = 38.23 Channels Fwtm = 71.43 Channels
ROI # 7-3 RANGE : 554 to 638

AREA : Gross = 17106 Net = 14939 +/- 208

CENTROID : 612.94

SHAPE : Fwhm = 36.69 Channels Fwtm 62.93 Channels



N 234 Th. CHW

MCB # 1 ACQ 04-07-95 AT ©7:07:36 RT : 80001.7 LT : 80000.0
No detector description was entered
NOPI-384 Th 4/10/95

ROI # 1-1 RANGE : 23 to 85

AREA : Gross = 334 Net = 281 +/- 28

CENTROID : 71.13

SHAPE : Fwhm = 10.79 Channels Fwtm = 20.60 Channels
ROI # 1-2 RANGE : 248 to 356

AREA : Gross = 5884 Net = 5540 +/- 107

CENTROID : 336.10

SHAPE : Fwhm = 15.65 Channels Fwtm = 53.8@ Channels
ROI # 1-3 RANGE : 542 to 648

AREA : Gross = 9228 Net = 8138 +/- 163

CENTROID : 632.20

SHAPE : Fwhm = 15.17 Channels Fwtm = 57.90 Channels

ROI # 1-4 RANGE : 674 to 760
AREA : Gross = 5840 Net = 5101 +/- 123
CENTROID : 734.69
SHAPE : Fwhm = 26.64 Channels Fwtm = 54.79 Channels



NOPI-385

U and Th Isotope Activities FILENAME= NP385U.CHN
NP385TH.CHN
Sample # NOPI-385 Sep. date 3/28/95
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)
[ 05112 | 05 | 454.83 | 1/22/93 | 795 | 445.3986 | Th-228/U-232= 0.6108101
Counting time for Th=] 1333.36 (mins.) Counting time for U=| 1454.348 | (mins.)
Days btwn. sep. and count.= 10 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.9896742 CF for U-232=]| 1.0072189
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 349 | 6872 | 10084 | 6092 | L4064 | 4175 | 11080 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 2 | 4 | 16 | 26 | | 8 | 7 [ 15 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 347 | 6868 [ 9501.192 | 6066 | | 4056 | 4168 ]10985.696]
U-238(dpm/g)=| 160.8416 | + | 2.94966
U-234(dpm/g)=| 165.283 | + | 3.001485
Th-232(dpm/g)=| 9.718195 | + | 0.529128
Th-230(dpm/g)=| 192.3474 | + | 3.008778
U-234/U-238={ 1.027613 | + | 0.022644
Th-230/U-234=| 1.163746 | + | 0.022836
Th-230/Th-232=] 19.79251 | + | 1.086038
U234/Th-232=[ 17.00758 | + | 0.976163

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= 215600.7
(m-1)
Th(ppb)= | 39772.91
Spike 26A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

Page 1



o

ROI

ROT

8§-2

ACQ 04-04-95 AT 06:59:02 RT
No detector description was entered
NOPI-385 U 4/5/95

RANGE 65 to 150

AREA Gross = 4295 Net = 4064
CENTROID 125.55

SHAPE Fwhm = 28.79 Channels Fwtm
RANGE 313 to 399

AREA Gross = 4406 Net = 4175
CENTROID 374.23

SHAPE Fwhm = 37.29 Channels Fwtm
RANGE 5561 to 639

AREA Gross = 11747 Net = 11080
CENTROID 613.34

SHAPE Fwhm = 37.43 Channels Fwtm

87260.9

NErES Al

LT : 87253.6

+/- 85

60.11 Channels

+/- 85

61.60 Channels

+/- 143

61.92 Channels



MCB

ROT

ROTI

ROTI

ROI

NP285ThcHN

ACQ 04-07~-95 AT 07:07:36 RT : 80001.7 LT : 80000.0
No detector description was entered
NOPI-385 Th 4/10/95

RANGE : 29 to 92

AREA : Gross = 403 Net = 349 +/- 30
CENTROID : 73.35

SHAPE : Fwhm = 17.18 Channels Fwtm = 41.94 Channels
RANGE : 236 to 361

AREA : Gross = 7439 Net = 6872 +/- 135
CENTROID : 341.22

SHAPE : Fwhm = 20.58 Channels Fwtm = 60.04 Channels
RANGE : 566 to 656

AREA : Gross = 12011 Net = 10084 +/- 193
CENTRCID : 637.03

SHAPE : Fwhm = 19.62 Channels Fwtm = 63.65 Channels
RANGE : 674 to 1763

AREA : Gross = 7231 Net = 6092 +/- 148

CENTROID : 738.79
SHAPE : Fwhm = 32.12 Channels Fwtm = 58.81 Channels



NOPI-386

U and Th Isotope Activities FILENAME= NP386U.CHN
NP386TH.CHN
Sample # NOPI-386 Sep. date | 3/28/95
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)
I o0.5057 | 0.5002 | 454.83 | 1/22/93 I 795 | 445.3986 | Th-228/U-232=| 0.6108101
Counting time for Th=] 1333.37 (mins.) Counting time for U=| 1454.85 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.9867333 CF for U-232=| 1.007219
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
L 534 [ 7202 | 13418 | 9664 | | 5002 | 4934 | 16100 |
Bkgd Bkgd Bkgd _ bkgd bkgd _bkgd bkgd
| 6 | 10 | 22 | 35 | l 3 | 5 | 14 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 528 | 7192 [12530.912] 9629 | [ 4999 | 4929 [15970.707]
U-238(dpm/g)=| 137.8982 | + [ 2.232213
U-234(dpm/g)=| 135.9672 | + | 2.212497
Th-232(dpm/g)=| 11.33854 | + | 0.500335
Th-230(dpm/g)=| 154.4446 | + | 2.256039
U-234/U-238=] 0.985997 | + | 0.019784
Th-230/U-234=] 1.135896 | + | 0.020992
Th-230/Th-232=] 13.62121 | + | 0.610909
U234/Th-232=[ 11.9916 | £ | 0.563984

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb}= 184846.1
(m-1)
Th(ppb)= | 46404.36
Spike 25A  Spike 25B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

Page 1



MCB

ROI

ROT

ROTI

#

1

9-1

ACQ 04-04-95 AT 06:59:02 RT

8§7291.0

No detector description was entered

NOPI-386 U 4/5/95

RANGE 52 to 157

AREA Grosgs = 5147 Net =
CENTROID 133.42

SHAPE Fwhm = 30.03 Channels
RANGE 307 to 404

AREA Gross = 5292 Net =
CENTROID 382.87

SHAPE Fwhm = 18.40 Channels
RANGE 558 to 642

AREA Gross = 17659 Net =
CENTROID 618.69

SHAPE Fwhm = 20.38 Channels

5002

Fwtm

4934

Fwtm

16109

Fwtn

o U™

LT 87283.7

+/- 86

61.96 Channels

+/- 102

59.36 Channels

+/- 191

57.16 Channels



08 BTN

MCB # 1 ACQ ©04-10-55 AT ©07:25:17 RT : 80002.3 LT : 80000.0
No detector description was entered
NOPI~-386 Th 4/11/95

ROT # 1-1 RANGE : 23 to 85

AREA : Gross = 535 Net = 534 +/- 23

CENTROID : 70.19%

SHAPE : Fwhm = 12.38 Channels Fwtm = 25.44 Channels
ROI # 1-2 RANGE : 269 to 354

AREA : Gross = 7288 Net = 7202 +/- 91

CENTROID : 335.34

SHAPE : Fwhm = 17.61 Channels Fwtm = 49.41 Channels
ROI # 1-3 RANGE 535 to 658

AREA : Gross = 13815 Net = 13418 +/~- 146

CENTROID : 631.48

SHAPE : Fwhm = 15.42 Channels Fwtm = 56.82 Channels

ROT # 1-4 RANGE : 667 to 755
AREA : Gross = 10273 Net = 9664 +/- 134
CENTROID : 732.50
SHAPE : Fwhm = 28.91 Channels Fwtm = 52.89 Channels




NOPI-387

U and Th Isotope Activities FILENAME= NP387U.CHN
NP387TH.CHN
Sample # NOPI-387 Sep. date | 3/28/95
Analyst JDP
Sample Spike U-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/qg) of spikke ref. and sep. (dpm/qg)
[_05098 | 0.5021 | 454.83 | 1/22/93 | 795 | 445.3986 | Th-228/U-232=| 0.6108101
Counting time for Th=| 1333.37 {mins.) Counting time for U=] 1455.215 (mins.)
Days btwn. sep. and count.= 13 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.9867333 CF for U-232=| 1.0072192
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 501 | 8000 [ 14328 | 10514 | [ 6921 | 6926 | 22870 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 4 | 16 | 24 | | 1 | 2 [ 12 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 498 [ 7996 [13442.981] 10490 | |_6920 | 6924 [22694.167]
U-238(dpm/g)=] 133.7615 | + | 1.835085
U-234(dpm/g)=| 133.8388 | + | 1.835637
Th-232(dpm/g)=| 9.926113 | + [ 0.451153
Th-230(dpm/g)=| 159.3759 | + | 2.224384
U-234/U-238=| 1.000578 | = | 0.017006
Th-230/U-234=] 1.190805 | + | 0.019545
Th-230/Th-232=| 16.05622 | + | 0.73946
U234/Th-232=] 13.48351 | + | 0.640134

Decay uU-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= 179301.1
{m-1)
Th(ppb)= | 40623.84
Spike 25A  Spike 256B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2723.4657 272.05397 27.191082

(\, .

Page 1



MCB

ROI

ROT

ROT

#

#

#

#

1

190-1

10-2

10-3

ACQ ©04-04-95 AT 06:59:02 RT : 87312.9 LT : 87305.6
No detector description was entered
NOPI-387 U 4/5/95

RANGE : 28 to 135

AREA : Gross = 7228 Net = 6921 +/- 110
CENTROID : 109.70 ,
SHAPE : Fwhm = 28.33 Channels Fwtm = 66.22 Channels
RANGE : 278 to 384

AREA : Gross = 7211 Net = 6926 +/- 108
CENTROID : 359.59

SHAPE : Fwhm = 37.58 Channels Fwtm = 72.18 Channels
RANGE : 523 to 622

AREA : Gross = 25203 Net = 22870 +/- 244
CENTROID : 594.71

SHAPE : Fwhm = 42.30 Channels Fwtm = 68.79 Channels



MCB

ROI

ROI

ROI

ROTI

NPZBTThe

ACDQ 04-10-95 AT ©7:25:17 RT : 80002.3 LT : 80000.0
No detector description was entered
NOPI-387 Th 4/11/95

RANGE : 29 to 89

AREA : Gross = 562 Net = 501 +/- 33
CENTROID : 73.99

SHAPE : Fwhm = 24.31 Channels Fwtm = 39.64 Channels
RANGE : 261 to 359

AREA : Gross = 8148 Net = 8000 +/- 101
CENTROID : 340.02

SHAPE : Fwhm = 21.09 Channels Fwtm = 54.09 Channels
RANGE : 541 to 660

AREA : Gross = 154909 Net = 14328 +/- 191
CENTROID : 636.58

SHAPE : Fwhm = 17.95 Channels Fwtm = 60.04 Channels
RANGE : 67@ to 760

AREA : Gross = 11560 Net = 10514 +/- 159

CENTROID : 736.8¢@
SHAPE : Fwhm = 32.19 Channels Fwtm = 60.30 Channels



U and Th Isotope Activities

Sample # NOPI-388

FILENAME=

NOPI-388

NP388U.CHN
NP388TH.CHN

Sep. date | 3/27/95

Analyst JDP
Sample Spike U-232 Ref. date Days btwn u-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
| o0.5056 | 0.5029 454.83 | 1/22/93 | 794 [ 445.4103 | Th-228/U-232=| 0.6103678
Counting time for Th=| 1292.48 (mins.) Counting time for U=] 1455,59 (mins.)
Days btwn. sep. and count.= 16 (days) Days btwn. sep. and count.= 8 (days)
CF for Th-228=| 0.9838149 CF for U-232=( 1.0081769
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 531 | 4343 | 13377 | 10852 | | 2670 | 3063 | 16507 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 6 | 9 | 21 | 35 | | 1 | 7 l 26 |
Th-232* Th-230* Th-228sp Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
525 | 4334 [12467.991] 10817 | | 2669 | 3056 | 16347.33 ]
U-238(dpm/g)=| 72.33302 | + | 1.508819
U-234(dpm/g)=| 82.82117 | £ | 1.629406
Th-232(dpm/g)=| 11.38648 | + | 0.503843
Th-230(dpm/g)=| 93.99806 | + | 1.641635
U-234/U-238=] 1.144998 | + | 0.030316
Th-230/U-234=| 1.134952 | + | 0.026779
Th-230/Th-232=| 8.255238 | + | 0.379516
U234/Th-232=| 7.273645 | + | 0.352232
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 96959.06
{m-1)

Spike 25A
10/9/92

Spike 25B

Th(ppb)= [ 46600.55

Spide 25C

Th-228 (dpm/g)= 2721.5653 271.86414 27.172109

Page 1



MCB

ROI

ROT

ROT

# 1

# 11-1

# 11-2

# 11-3

ACQ 04-04-95 AT @6:59:02 RT
No detector description was entered
NOPI-388 U 4/5/95

RANGE 79 to 163

AREA Gross = 2755 Net = 2670
CENTROID 138.53

SHAPE Fwhm = 23.72 Channels Fwtm
RANGE 322 to 415

AREA Gross = 3156 Net = 3063
CENTROID 388.03

SHAPE Fwhm = 23.73 Channels Fwtm
RANGE 560 to 650

AREA Gross = 17568 Net = 16507
CENTROID 625.42

SHAPE Fwhm = 34.09 Channels Fwtm

87335.2

NP U HI

LT : 87327.9

+/- 62

53.78 Channels

+/- 67

55.11 Channels

+/- 178

56.42 Channels



MCB

ROI

ROT

ROI

" ROI

ACQ 04-11-95 AT 09:15:59 RT
No detector description was entered
NOPI-388 Th 4/12/95

RANGE 26 to 88

AREA Gross = 563 Net = 531
CENTROID 70.75

SHAPE Fwhm = 16.24 Channels Fwtm
RANGE 267 to 356

AREA Gross = 4414 Net = 4343
CENTROID 336.09

SHAPE Fwhm = 16.86 Channels Fwtm
RANGE 555 to 656

AREA Gross = 13938 Net = 13377
CENTROID 631.45

SHAPE Fwhm = 16.52 Channels Fwtm
RANGE 663 to 758

AREA Gross = 11350 Net = 10852
CENTROID 733.7@

SHAPE Fwhm = 27.07 Channels Fwtm

77548.8

NPz33Th ¢ e

LT « 77546.0

+/- 29

49.©23 Channels

+/~- 73

49.05 Channels

+/- 150

55.03 Channels

+/- 135

49,33 Channels



NOPI-389

U and Th Isotope Activities

FILENAME= NP389U.CHN
NP389TH.CHN
Sample # NOPI-389 Sep. date | 3/27/95
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)
[ 0.5056 | 0.5016 | 454.83 | 1/22/93 | 794 [ 445.4103 | Th-228/U-232=[ 0.6103678
Counting time for Th=] 1293.035 {mins.) Counting time for U=] 1455.985 | (mins.)
Days btwn. sep. and count.= 16 (days) Days btwn. sep. and count.= 8 (days)
CF for Th-228=| 0.9838147 CF for U-232=| 1.008177 ‘
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 507 | 26502 | 13849 | 11342 | | 10531 | 10208 | 9692 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 2 | 4 | 16 | 26 | | 27 | 22 | 24 ]
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 505 | 26498 [12945.959] 11316 | 10504 | 10186 [9589.5857]
U-238(dpm/g)=| 484.0226 | + | 6.813133
U-234(dpm/g)=| 469.3692 | + | 6.656778
Th-232(dpm/g)=| 10.52106 | + | 0.475733
Th-230(dpm/g)=| 552.0536 | + | 5.788418
U-234/U-238=| 0.969726 | + | 0.013469
Th-230/U-234=| 1.176161 | + | 0.013701
Th-230/Th-232=| 52.47129 | + | 2.352516
U234/Th-232=| 44.61234 | + | 2.114142
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 648809.8
{m-1)
Th{ppb)= | 43058.73
Spike 25A  Spike 25B  Spide 25C
10/9/92

Th-228 (dpm/g)= 2721.5653 271.86414 27.172109

Page 1



NP 33U HN

MCB # 1 ACQ 04-04-95 AT 06:59:02 RT : 87359.1 LT : 87351.9
No detector description was entered
NOPI-389 U 4/5/95

ROI # 12-1 RANGE : 28 to 165

AREA : Gross = 10807 Net = 10531 +/- 129

CENTROID : 125.23

SHAPE : Fwhm = 43.29 Channels Fwtm = 88.03 Channels
ROI # 12-2 RANGE : 282 to 413

AREA : Gross = 10563 Net = 10208 +/- 133

CENTROID : 375.86

SHAPE : Fwhm = 43.73 Channels Fwtm = 80.78 Channels
ROI # 12-3 RANGE : 537 to 646

AREA : Gross = 10723 Net = 9692 +/- 166

CENTROID : 610.80

SHAPE : Fwhm = 46.47 Channels Fwtm 80.23 Channels




NP 38T

MCB # 1 ACQ ©04-11-95 AT 09:15:59 RT : 77582.1 LT : 77579.4
No detector description was entered
NOPI-389 Th 4/12/95

ROI # 2-1 RANGE : 29 to 95

AREA : Gross = 524 Net = 507 +/- 26

CENTROID : 76.62

SHAPE : Fwhm = 17.97 Channels Fwtm = 44.45 Channels
ROI # 2-2 RANGE : 262 to 364

AREA : Gross = 26692 Net = 26502 +/~ 172

CENTROID : 342.25

SHAPE : Fwhm = 18.14 Channels Fwtm = 50@.7@ Channels
ROI # 2-3 RANGE : 563 to 662

AREA : Gross = 14334 Net = 13849 +/~ 146

CENTROID : 638.78

SHAPE : Fwhm = 16.66 Channels Fwtm = 56.03 Channels

ROI # 2-4 RANGE : 677 to 768
AREA : Gross = 12279 Net = 11342 +/- 157
CENTROID : 741.11
SHAPE : Fwhm = 24.76 Channels Fwtm = 48.92 Channels

—,



NOPI-390

U and Th Isotope Activities FILENAME= NP390U.CHN
NP390TH.CHN
Sample # NOPI-390 Sep. date | 3/27/95
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)
| 0.5042 | 0.5017 | 454.83 | 1/22/93 | 794 [ 445.4103] Th-228/U-232=| 0.6103678
Counting time for Th=] 1333.375 (mins.) Counting time for U=] 1456.425 {mins.)
Days btwn. sep. and count.= 17 (days) Days btwn. sep. and count.= 8 (days)
CF for Th-228=| 0.9828256 CF for U-232=| 1.0081772
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 417 | 16207 | 12545 | 10405 | | 8669 | 9470 [ 12259 |
Bkgd Bkgd Bkgd bkgd _bkgd bkgd bkgd
| 6 [ 10 [ 21 | 35 | | 34 | 27 | 17 |
Th-232* Th-230* Th-228sp Ra-224* l uU-238* U-234* U-232sp
counts counts counts counts counts counts counts
[ 411 | 16197 |11772.637] 10370 | | 8635 | 9443 [12142.707]
U-238(dpm/g)=| 315.1725 | £+ | 4.42283
U-234(dpm/g)=| 344.6641 | + | 4.715344
Th-232(dpm/g)=| 9.444115 | =+ [ 0.470104
Th-230(dpm/g)=| 372.1809 | + | 4.425898
U-234/U-238=| 1.093573 | £ | 0.016255
Th-230/U-234=| 1.079837 | £ | 0.013967
Th-230/Th-232=| 39.40876 | + | 1.954525
U234/Th-232=| 36.49512 | + | 1.883998

Decay U-238 Th-232
constant  2.948E-16 9.413E-17 U{ppb)= 422474.2
(m-1)

Th{ppb)=

Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2721.5653 271.86414 27.172109

Page 1



Ve3ToULHP

MCB # 1 ACQ @4-04-95 AT 06:59:03 RT : 87385.5 LT : 87378.2
No detector description was entered
NOPI-39@ U 4/5/95

ROI # 13-1 RANGE : 34 to 145

AREA : Gross = 9099 Net = 8669 +/- 128

CENTROID : 115,38

SHAPE : Fwhm = 42.27 Channels Fwtm = 7@.67 Channels
ROI # 13-2 RANGE : 283 to 393

AREA : Gross = 9841 Net = 9470 +/- 126

CENTROID : 362.38

SHAPE : Fwhm = 44.78 Channels Fwtm = 75.36 Channels
ROI # 13-3 RANGE : 530 to 630

AREA : Gross = 13151 Net = 12259 +/- 162

CENTROID : 597.85

SHAPE : Fwhm = 42.52 Channels Fwtm 69.14 Channels




NP%O“\"WJ

MCB # 1 ACQ 04-12-95 AT ©6:56:15 RT : 80002.5 LT : 80000.0
No detector description was entered
NOPI-3%0@ Th 4/13/95

ROI # 1-1 RANGE : 23 to 88

AREA : Gross = 433 Net = 417 +/- 24

CENTROID : 71.31

SHAPE : Fwhm = 8.65 Channels Fwtm = 43.84 Channels
ROI # 1-2 RANGE : 241 to 358

AREA : Gross = 16325 Net = 16227 +/- 136

CENTROID : 334.30

SHAPE : Fwhm = 20.03 Channels Fwtm = 54.69 Channels
ROI # 1-3 RANGE : 5563 to 653

AREA : Gross = 13404 Net = 12545 +/- 162

CENTROID : 631.19

SHAPE : Fwhm = 15.47 Channels Fwtm = 56.85 Channels

ROTI # 1-4 RANGE : 666 to 758
AREA : Gross = 11135 Net = 10405 +/- 145
CENTROID : 733.95
SHAPE : Fwhm = 27.30 Channels Fwtm = 61.83 Channels



NOPI-391

U and Th Isotope Activities FILENAME= NP391U.CHN
NP391TH.CHN
Sample # NOPI-391 Sep. date | 3/27/95
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)
[T0.5054 | 05042 | 454.83 | 1/22/93 | 794 | 445.4103 | Th-228/U-232=| 0.6103678
Counting time for Th=] 1333.375 (mins.) Counting time for U=] 1456.825 (mins.)
Days btwn. sep. and count.= 17 (days) Days btwn. sep. and count.= 8 (days)
CF for Th-228=[ 0.9828256 CF for U-232=| 1.0081773
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 536 | 4330 | 13642 | 11660 | | 2713 | 3066 | 17921 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 3 | 4 | 17 | 24 | | 30 | 30 | 32 |
Th-232*  Th-230* Th-228sp  Ra-224* U-238* U-234* U-232sp
counts counts counts counts counts counts counts
| 533 | 4326 |12702.605] 11636 | | 2683 | 3036 [17743.903]
U-238(dpm/g)=| 67.18919 | + | 1.384156
U-234(dpm/g)=| 76.02922 | + [ 1.485896
Th-232(dpm/g)=| 11.38031 | + [ 0.501118
Th-230(dpm/g)=| 92.36623 | + [ 1.611122
U-234/U-238=( 1.131569 | + [ 0.029826
Th-230/U-234=( 1.214878 | + [ 0.028675
Th-230/Th-232=| 8.116323 | + | 0.371637
U234/Th-232=| 6.680771 | + [ 0.321853

Decay U-238 Th-232

constant 2.948E-16 9.413E-17 U(ppb)= 90063.99
(m-1)
Th(ppb)= 46575.3
Spike 26A  Spike 256B  Spide 25C

10/9/92
Th-228 (dpm/g)= 2721.5653 271.86414 27.172109

Page 1



MCB

ROTI

ROI

ROT

# 1

# 14-1

# 14-2

# 14-3

ypatd e

ACQ 04~-04-95 AT 06:59:03 RT : 87409.5 LT : 87402.2
No detector description was entered
NOPI-391 U 4/5/95

RANGE : 62 to 147

AREA : Gross = 2820 Net = 2713 +/- 64
CENTROID : 127.10

SHAPE : Fwhm = 17.34 Channels Fwtm = 48.84 Channels
RANGE : 307 to 402

AREA : Gross = 3177 Net = 3066 +/- 69
CENTROID : 377.51

SHAPE : Fwhm = 15,89 Channels Fwtm = 50.51 Channels
RANGE : 554 to 636

AREA : Gross = 18640 Net = 17921 +/- 165

CENTROID : 613.32
SHAPE : Fwhm = 17.09 Channels Fwtm

51.62 Channels



nym/kf”*)

MCB # 1 ACQ 04-12-95 AT 06:56:15 RT : 80002.5 LT : 80000.0
No detector description was entered
NOPI-391 Th 4/13/95

ROI # 2-1 RANGE : 26 to 92

AREA : Gross = 553 Net = 536 +/- 27

CENTROID : 75.6@

SHAPE : Fwhm = 15.75 Channels Fwtm = 35.00 Channels
ROTI # 2-2 RANGE : 263 to 362

AREA : Gross = 4405 Net = 4330 +/~- 74

CENTROID : 341.38

SHAPE : Fwhm = 20.69 Channels Fwtm = 56.82 Channels
ROI # 2-3 RANGE : 541 to 658

AREA : Gross = 14723 Net = 13642 +/- 184

CENTROID : 637.71

SHAPE : Fwhm = 19.02 Channels Fwtm = 61.83 Channels
ROI # 2-4 RANGE : 67@ to 765

AREA : Gross = 12269 Net = 11660 +/- 144

CENTROID : 740.01
SHAPE : Fwhm = 29.57 Channels Fwtm = 57.91 Channels



NOPI-399r

U and Th Isotope Activities FILENAME= NP399U3.CHN
NP399TH3.CHN
Sample # NOPI-399 Sep. date | 3/27/95
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)
| o051 | 0.5051 | 454.83 [ 1/22/93 | 794 | 445.4103] Th-228/U-232= 0.6103678
Counting time for Th=] 1452.59 (mins.) Counting time for U=} 940.73 | (mins.)
Days btwn. sep. and count.= 8 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.991599 CF for U-232=| 1.007048
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 U-232
counts counts counts counts counts counts counts
| 569 | 9580 | 14120 | 5483 | | 2396 [ 4413 | 12239 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
| 6 | 10 | 23 | 36 | | 2 | 3 | 9 |
Th-232* Th-230* Th-228sp Ra-224* uU-238* U-234~ U-232sp
counts counts counts counts counts counts counts
[ 563 | 9570 [13371.371] 5447 | | 2394 | 4410 [12144.406]
o U-238(dpm/g)=| 86.95916 | + | 1.942653
{ U-234(dpm/g)=| 160.1879 | + [ 2.812698
Th-232(dpm/g)=| 11.33683 | + | 0.48474
Th-230(dpm/g)={ 192.7059 | + | 2.550429
U-234/U-238=| 1.842105 | + | 0.046746
Th-230/U-234=| 1.202999 | £ | 0.021886
Th-230/Th-232=| 16.99822 | + | 0.73346
U234/Th-232=| 14.12987 | = [ 0.653123

Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 116564.7
(m-1)

Th(ppb)=

Spike 256A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2721.56653 271.86414 27.172109

Page 1



NP AAGU D

MCB # 1 ACQ ©4-03-95 AT 14:58:45 RT : 56443.8 LT : 56436.8
No detector description was entered
NOPI-399 U 4/4/95

ROI # 9-1 RANGE : 76 to 156

AREA : Gross = 2437 Net = 2396 +/- 54

CENTROID : 134.86

SHAPE : Fwhm = 21.13 Channels Fwtm = 50.36 Channels
ROI # 9-2 RANGE : 332 to 405

AREA : Gross = 4588 Net = 4413 +/~- 80

CENTRQID : 383.47

SHAPE : Fwhm = 16.@3 Channels Fwtm = 45.65 Channels
ROI # 9-3 RANGE : 560 to 643

AREA : Gross = 12685 Net = 12239 +/- 134

CENTROID : 619.68
SHAPE : Fwhm = 18.81 Channels Fwtm

52.99 Channels




MCB

ROT

ROI

ROT

ROI

ACQ 04-904-95 AT 06:59:00 RT

87162.4

No detector description was entered

NOPI-399 Th 4/5/95

RANGE 28 to 88

AREA Gross = 571 Net =
CENTROID 74.33

SHAPE Fwhm = 14.28 Channels
RANGE 265 to 352

AREA Gross = 9742 Net =
CENTROID 335.71

SHAPE Fwhm = 16.94 Channels
RANGE 558 to 651

AREA Gross = 14564 Net =
CENTROID 632.32

SHAPE Fwhm = 14.98 Channels
RANGE 674 to 755

AREA Gross = 5880 Net =
CENTROID 733.49

SHAPE Fwhm = 27.67 Channels

569

Fwtm

9580

Fwtn

14129

Fwtm

5483

Fwtm

N

LT : 87155.2

+/- 24

45.23 Channels

+/- 109

48.25 Channels

+/- 143

52.27 Channels

+/- 103

54.18 Channels



NOPI-400r

U and Th Isotope Activities FILENAME= NP400U3.CHN
NP400TH3.CHN
Sample # NOPI-400 Sep. date | 3/27/95
Analyst JDP
Sample Spike u-232 Ref. date  Days btwn U-232*
weight (g) weight (g) (dpm/g) of spike ref. and sep. (dpm/qg)
| 05021 | 0.5053 | 454.83 | 1/22/93 | 794 | 445.4103] Th-228/U-232=( 0.6103678
Counting time for Th=f 1453.3 (mins.) Counting time for U=] 940.73 | (mins.)
Days btwn. sep. and count.= 8 (days) Days btwn. sep. and count.= 7 (days)
CF for Th-228=| 0.9915988 CF for U-232=| 1.007048
Th-232 Th-230 Th-228 Ra-224 U-238 U-234 u-232
counts counts counts counts counts counts counts
| 618 | 14792 | 15253 | 5961 | | 2681 | 6509 | 12106 |
Bkgd Bkgd Bkgd bkgd bkgd bkgd bkgd
s [ 4 [ 18 | 30 | L+ 1+ [ 8 ]
Th-232* Th-230* Th-228sp Ra-224* u-238* U-234* U-232sp
counts counts counts counts counts counts counts
615 | 14788 [14432.071] 5931 | | 2680 | 6508 [ 12013.33 |
U-238(dpm/g)=| 99.99787 | + | 2.134431
U-234(dpm/g)=| 242.8306 j + | 3.732309
Th-232(dpm/g)=[ 11.6589 | + | 0.478396
Th-230(dpm/g)=|_280.3443 | + | 3.235093
U-234/U-238=| 2.428358 | + | 0.055727
Th-230/U-234=| 1.154485 | + | 0.017172
Th-230/Th-232= 24.04553 | + | 0.987252
U234/Th-232=] 20.82793 | + [ 0.912615
Decay U-238 Th-232
constant 2.948E-16 9.413E-17 U(ppb)= 134042.5
(m-1)

Thi(ppb)=

Spike 26A  Spike 25B  Spide 25C
10/9/92
Th-228 (dpm/g)= 2721.5653 271.86414 27.172109

Page 1



MCB

ROI

ROI

ROTI

¥ 1

# 10-1

# 10-2

# 10-3

VP %OO(LB ,(,\'\’"‘)

ACQ 04-03-95 AT 14:58:45 RT : 56443.6 LT : 56436.6
No detector description was entered
NOPI-4@@ U 4/4/95

RANGE : 57 to 137

AREA : Gross = 2761 Net = 2681 +/=- 61
CENTROID : 113.04

SHAPE : Fwhm = 22.51 Channels Fwtm = 51.02 Channels
RANGE : 303 to 385

AREA : Gross = 6701 Net = 6509 +/- 95
CENTROID : 360.45

SHAPE : Fwhm = 25.33 Channels Fwtm = 50.35 Channels
RANGE : 541 to 621

AREA : Gross = 12539 Net = 12106 +/- 132

CENTROID : 597.68

SHAPE : Fwhm = 19.34 Channels Fwtm 53.09 Channels



0 ,‘A_‘/O OTR2 £ )

MCB # 1 ACQ 04-04-95 AT 06:59:01 RT : 87198.2 LT : 87190.9
No detector description was entered
NOPI-40@ Th 4/5/95

ROI # 2-1 RANGE : 28 to 91

AREA : Gross = 619 Net = 618 +/- 25

CENTROID : 79.34

SHAPE : Fwhm = 8.94 Channels Fwtm = 45.75 Channels
ROI # 2-2 RANGE : 276 to 360

AREA : Gross = 15145 Net = 14792 +/- 139

CENTROID : 341.96

SHAPE : Fwhm = 17.07 Channels Fwtm = 5@.71 Channels
ROI # 2-3 RANGE : 562 to 658

AREA : Gross = 15641 Net = 15253 +/- 145

CENTROID : 637.97

SHAPE : Fwhm = 16.85 Channels Fwtm = 55.53 Channels

ROI # 2-4 RANGE : 682 to 764
AREA : Gross = 6293 Net = 5961 +/- 101
CENTROID : 738.41
SHAPE : Fwhm = 26.13 Channels Fwtm = 51.01 Channels



U/Th Digestion (Nopai rock sampies)
Sample L D. # poPI-13%7

-~
Date __ 2|22 |4

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

1. Consuit CEM Microwave Sampie Preparation Applications Manuali for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides, tff, 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 = __©5 '
2. Record dry weight of sample = ﬂ_ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/225Th spike to the PFA vessei.
MyABThspike # _ 2 55 ' Reference Date _\\_2_7/_)9_3
25w - .
Reference Activity _2°%-83 pCig Spikewt. __- 9055 4
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
7
B 2,
HW 0 !
7
4. Seal vessel, place on urntable 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 anaiyzed for U and Th isotopes.
Extraction:
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 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.
s*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 uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 ml conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Bes%G 1-X8 100-200 mesh chloride form.
(Lot# _49715° )

Main Columg (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HCI)

Load sampie in 9M HCI and allow to drain
Wash 3 voiumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe

**#Note: May work on U and Th fraciions 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 HCl

Add ~5 mi conc HNO; to dissolve residue

Add equal voi (~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 vols 9M HCl --> Th

Uranium Columa (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 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 vois (8-10 mi) 8M HNO, > Fe

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




Source Preparation:

1.

% =

10.

11,

1.

2.

®N o

w0

Thorium - OH" precipitation onto filter

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

drymess.

Add 6 mi 0.05 M EDTA soin to dissoive 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 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 compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and piace in a 50 mi poiysuifone fiiter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorousty 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 sampie 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%
ethanoi.

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

Glue to tape the dry filter onto a | inch stainiess steel planchet and count.

Th Counting Date 24193

Uranium - F- precipitation onto filter

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pug of Ce carmier
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 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 coior. 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 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 ml of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and anaiyze as described above.

U Counting Date ),1—71‘1;
' .
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U/Th Digestion (Nopai rock sampies)

Sampie I D. # NoPL-1%9 ©

Date 7/17/7/(}’4;

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

1. Consuit CEM Microwave Sampie Preparation Appiications Manual for the microwave sampie
preparation note for the type of sampie (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 = ___© 2™

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 Z2U/2Th spike to the PFA vessel.
82U/ spike # 25% Reference Date __\ l T l A%
% A
Reference Activity _204-33 pCig Spike wt. __- o4t g
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
o
et 2
Hw O {
74
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 .
5. Quantitatively transfer samplie 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 mli of perchloric acid (HCLOy) 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 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,
cenmifuge, 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# __MA1sSO0A

Main Colymn (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 coiumn vols 9M HCI)

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

*s#Note: May work on U and Th fractions simuitaneousiy 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 mi 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

Urapium 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 mi) 8M HNO, --> Fe

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




Source Preparation:

Thorium - OH" precipitation onto filter

1.

Fadi)

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 dissoive 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 piace 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 fiiter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ng 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 sampie into the filter chimney and allow to suck dry.
While the sampie is still fiitering, add 0.5 mi 10M NaOH to the sampie 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 fiiter chimney.

Wash tube, filter chimney, precipitate. and filter with three consecutive 5 mi portions ot 80%
ethanoi.

Suck filter dry for about {5 sec and remove the chimney and filter carefully 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 stainiess steel planchet and count.

Th Counting Dm_%/_bi_ﬁé

Uranium - F~ precipitation onto filter

1.

2.

Cadbe B A

©

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and SO ug of Ce carrier
and evaporate the solution until compietely 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 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
permanent violet coior 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
clearup.

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 | 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% ethanoi.

Dry and analyze as described above.

U Counting Date }}23[‘:;




Date

U/Th Digestion (Nopal rock sampies)

Sample I. D. # PO PT- 142~

plw/lw/

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= ___ 0% .

2. Record dry weight of sample = _21_2_(-_”___ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of B2Y/228Th spike to the PFA vessel.
232 B8Thspike # __ 257> Reference Date _J ) 2 | a7
RS XAV .
Reference Activity _zo.33 pCi/g Spike wt. ., 5054 g
3. Add reagents to vessel and record volumes: Reagents Volume (mli)
HE 2
HCT 3
H’(A) ()\ﬁ /I
Y
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 mi of perchioric 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 ml).
8. Transfer solution to a S0 ml PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH topH = 7.
*sNote: 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. Dissovie the precipitate in ~3 mi conc HCl. Add 1 ml ultrapure water to dilute to ~9M.




Column Separation:
7 Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
L (Lot# __4AlSOFT )

Main Colump (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HCl)
«

Load sample in 9M HCI and aflow to drain .
Wash 3 voiumes (~35 mi) 9M HC1 -->Th _ _ .
Elute 4 volumes (~50 mi) 0.1M HC! --> U] and Fe .

: /
Separation Date _3/_2%[_‘1)

**#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
HNO3)

Heat Th fraction to evaporate HC1
Add ~5 ml conc HNO, to dissolve residue
Add equal vol (~5 mi) DI water so soin 8M HNO,
TR Load onto column in 8M HNO,
ey Wash 3-4 column vols 8M HNO,
Elute 4-5 column vois 9M HCl1 --> Th

AT

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 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.IM HCI --> U




Source Preparation:

Thorjum - OH" precipitation onto filter

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

dryness.

2. Add 6 ml 0.03 M EDTA soln to dissoive 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 coid water for 10
minutes to ensure complete precipitation

5. Wet a 25 mm membrane filter with 80% ethanoi and place in a 50 mi polysulfone filter funnel.

6. Shake bottle of substrate suspension (ceric hydroxide containing 10 pug 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.

7. Without interrupting suction, pour the samplie into the filter chimney and allow to suck dry.

8. 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.

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 piastic container and at low temperature (~60°C).

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

—
Th Counting Date 214>

Uranium - F~ precipitation onto filter

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

2. Add 2 mi 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.

3. Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HClL.

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
t violet color or reduction and precipitation of U will be incompiete.

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

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

7. Place the tube in an ultrasonic bath for 1 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. After sucking the precipitate dry, wash with 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.

10. Dry and analyze as described above.

~
U Counting Date .3/ 23{/ >




U/Th Digestion (Nopal rock sampies)
Sample LD.# N OPT- 14+

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 = oy

2. Record dry weight of sample = __. 250 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/228Th spike to the PFA vessel.
232J/228Th spike # 25% Reference Date ___| , z 7/"' ke
%A ~
Reference Activity __7.04.32 pCi/g Spikewt. __+ 20 48 g
3. Add reagents to vessel and record volumes: Reagt_:\i:g Volume (ml)
= 7
HC 3
) U._,)_ \
4, Seal vessel, place on mmtablé 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 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.
**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 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# _ 4971504

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

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

Separation Date 3¥L°[ﬁ§

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

Thorium Colymn (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 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 vols 8M
HNO»5)

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 vois (8-10 mi) 8M HNO; --> Fe

Elate 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

oW

Eale

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 dissoive 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/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 mil polysuifone filter funnei.
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 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 i/_ﬂli

Uranium - F~ precipitation onto filter

1.

2.

Ll

o

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 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 1M
HCI.
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

t 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 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 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date }’)'13/5 g



U/Th Digestion (Nopai rock sampies)
Sampie L. D. # poPL-205
-~
pate  2]z2]45
1 L

Acid Digestion by Microwave: This method is usetul for total decomposition of many different types of
materials inciuding rocRs.

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 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 = _0__‘f__,
2. Record dry weight of sample = _ﬁz__ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/228Th spike to the PFA vessei.
22T spike # _ 2> B Reference Date | , Z"/Z‘\ 3
TN ~
Reference Activity __20~L 83 pCi/g Spikewt. __-20bL4" o
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
i
B )
Hp oy {
7
4, 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 .
5. Quantitatively transfer sampie to a ciean teflon beaker, washing the PFA vessel several times with
uitrapure 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 mi of perchloric acid (HCLO4) to the sampie 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.
**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. 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#_H9750A

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

Load sample in 9M HCI and alow to drain
Wash 3 voiumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

-
Separation Date _2.@/13_

*38Note: 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 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 HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 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 M 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.

Bl

11.

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

drynmess.

Add 6 mi 0.05 M EDTA soln to dissolve residue, transfer soin to a 50 mi PP centrifuge tube and
place tbe 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 dihydrochioride, 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 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 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 sampie is stiil filtering, add 0.5 mi 1|0M NaOH to the sampie tube and about 5 mil
uitrapure water down the sides of the tube. After the sample has sucked dry, swirl the wash
solution aroungd 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 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 | inch stainless steel planchet and count.

7/
Th Counting Date BZ?/X "D

Uranium - F~ precipitation onto filter

1.

2.

Ll B

b

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and 50 pg of Ce carrier
and evaporate the solution until compietely 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 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
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 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 S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

U Counting Date 3!23 '/79(




U/Th Digestion (Nopai rock sampies)
Sample L. D. # NoPI-z04

Date L‘)Lvlqg

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

1. Consuit CEM Microwave Sampie Preparation Appiications Manuai for the microwave sampie
preparation note for the type of sampie (e.g., Fe-oxides, wff, 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 = __0_'7‘)\____

2. Record dry weight of sample = __. 09 50 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/228Th spike to the PFA vessei.
132228 Th spike # _2 5 [ . Reference Date __| ! 22 ]%3
PAXAVE .
Reference Activity __294-33 pCi/g Spikewt. __. 20b% ¢
3. Add reagents to vessel and record volumes: Reagents_— Volume (mi)
HeE 2
HC( 2
Hwo 3, 1
4, Seal vessel, piace on umtable 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 severai 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 haif is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLOjy) to the samplie 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 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,
ceatrifuge, 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#__ 1504

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HC1)

Load sampie in 9M HCI and alow to drain
Wash 3 voiumes (~35 mi) 9M HCl --> T}
Elute 4 volumes (~50 mi) 0.IM HCl --> U and Fe

Separation Date 310 /7>

*3#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 HC1

Add ~5 ml conc HNO; to dissolve residue

Add equai 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 8M
HNO3)

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

Dilute 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

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




Source Preparation:

Thorium - OH" precipitation onto filter

I.

o w

9~

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 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 mgzmi Ce) to precipitate hydroxides. Mix, add 2 drops
25% hydrazine dihydrochloride, and 2 mi of 10M NaOH.

Place mbe 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 memobrane filter with 80% ethanol and place in a 50 mi polysulifone fiiter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ng Ce/ml) vigorousiy 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 sampie is still filtering, add 0.5 mi 10M NaOH to the sampie 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 wbe, filter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck fiiter 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 Fh (a2

Uranium - F~ precipitation onto filter

1.

2.

N o

o

To the solution containing U, add 1 mil 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 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 1M
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a strong vioiet color. If not, ironis
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 incompiete.
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 | 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 3()13!ﬁ;



U/Th Digestion (Nopal rock sampies)
Sample.D.# __ pOPT-297%

Vd
Date 7/! 7/7/‘)51"

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

1. Consuit CEM Microwave Sampie Preparation Appiications 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.

ApplicationNote = ___ O 7%

2. Record dry weight of sampie = _ﬂ_j___ 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 vessei.
232J225Th spike # _25% Reference Date __{ l ?/?/l Q7>

T3t w — 5 l_p

Reference Activity _ 2.0 31 pCi/g Spike wt. __- 2°© g

3. Add reagents to vessel and record voiumes: Reage-ﬁs: Vg%ume (ml)

HCS 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 severai 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 smail amount (~2 mi) of conc. HCI and dilute 10
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 uitrapure 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# _Y4aT1SOA )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 coiumn vois 9M HCI)

Load sample in 9M HC! and aliow to drain .
Wash 3 voiumes (~35 mi) 9M HCl --> Th . __ .
Elute 4 voiumes (~50 mi) 0.1M HC] --> U and Fe —

L
Separation ij_/ﬁ_'[j_z

*=8Note: May work on U and Th fraciions simuitaneously from this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO5)

Heat Th fraction to evaporate HCl

Add ~5 mi 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 HCI --> Th

Uranium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 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 vois (8-10 mi) 8M HNO; > Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto fiiter

1. Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

drynmess.

2. Add 6 mi 0.05 M EDTA soin to dissoive residue, transfer soln to a 50 mi PP centrifuge tbe and
place tube in boiling water for a few minutes.

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

4, Place wbe in boiling water bath for 10 minutes, remove, and place tube in coid water for 10

minutes to ensure compiete precipitation

Wet a 25 mm membrane fiiter 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 sampie into the filter chimney and allow to suck dry.

While the sampie is still filtering, add 0.5 mi {OM NaOH to the sampie tube and about 5 mi

uitrapure water down the sides of the wbe. After the sampie has sucked dry, swirl 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 piastic container and at low temperature (~60°C).

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

v
Th Counting Date l(lfl l a4 >

oW

% =

Uranium - F~ precipitation onto filter

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

2. 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 insoiuble double saits with the Ce carrier.

3. Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of IM
HCL

4. 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
t violet color or reduction and precipitation of U will be incomplete.

S. 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
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.
10. Dry and analyze as described above.

N o

b

U Counting Date_3 J 3 ]ﬂi




U/Th Digestion (Nopal rock samples)
Sample L. D. # NWOoP -0 -

Date 'LI\?/Z/!CI{

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 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 >

2. Record dry weight of sampie = __ - 4394 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of BJ/28Th spike to the PFA vessel.
L2YLBTY spike # _ T O % Reference Date __\ ILL]‘\ >
23T\ ~
Reference Activity __2 o4. 33 pCig Spike wt. __- So45S g
3. Add reagents to vessel and record volumes: Reag«;.:ts Volume (mli)
F 7
HC | 3
HwW O i
4. 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 .

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 samplie 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 S0 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 ml uitrapure water to dilute to ~9M.




PR

Column Separation:
Resim: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot#_4a7S0A" )

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

Load sample in 9M HCl and atiow to drain
Wash 3 volumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe

|
|
|

**#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
HNO3)

Heat Th fraction to evaporate HC1
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 HCl --> Th

Uranium Colump (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 vols (8-10 ml) 8M HNO; --> Fe

Elute 4-5 vois 0.IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

%

10.

1.

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

ess.
m6 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 mbe 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 funnei.
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 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 fiiter 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}ﬂ/

Uranium - F~ precipitation onto filter

1.

2.

bl

10.

To the solution containing U, add 1 ml of 10% sodium hydrogen suifate and 50 pug of Ce carrier
and evaporate the solution until compietely 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 doubie saits with the Ce carrier.
Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of |M
HCIL.

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 incompiete.

Add 0.5 mli (10 drops) of 48% HF. The vioiet 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 3'2}!4;
t :
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U/Th Digestion (Nopal rock samples)

Sample L.D.# __ pUOPT-3272

Date I’)Zu!qg

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.

ApplicationNote = 094 |
2. Record dry weight of sample = ‘ '_'i abz 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.
B2JR28Th spike # __25% Reference Date _| "L'L E q 3
AR XAVY
Reference Activity __264.33% pCi/g Spikewt. _[.0018 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
i
He § 2
Heu, A
=4
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. 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 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 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# _HA1508 )

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 HCI --> Th
Elute 4 volumes (~50 ml) 0.1M HCl --> U and Fe

' e
Separation Date ZgZ 5/9>

**#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 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 0.1IM HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

Sl

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 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/mi) vigorousiy 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 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 S 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/g 3 g 1>

Uranium - F~ precipitation onto filter

1.

2.

o~

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 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 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 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 2 !17 ‘(93/
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U/Th Digestion (Nopal rock samples)

Sample LD.# _ wpoPL-313

Date

)l‘?/b: !‘tg
|

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 = __ 02~ < .

2. Record dry weight of sample = __, S50 L8 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.
232225Th spike # __ ¢ O © Reference Date ___| "L > g‘t >
23w
Reference Activity __7.0M-£8 pCi/g Spikewt.__/. 0021 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
H
Hel 3
HNU, \
P
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 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 | ml ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form.
(Lot# __4aTSOK )

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 mi) 9M HCl --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

-
Separation Date L! 13 l >

**#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
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 ml conc HNOs 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 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 HC] --> U




Source Preparation:

1.

Cadb)

10.

11.

o

Thorium - OH" precipitation onto filter

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

Add 6 ml1 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 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 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 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 LPB“)

Uranium - F- precipitation onto filter

1.

2.

®»=N o

b

A

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 mi portions of 1M
HCIL

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
clearup.

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.

S/
U Counting Date ?,(I 154 /ﬁ‘)




U/Th Digestion (Nopal rock sampies)
Sample L.D.# __pOP T-374

Date LN%’

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

1. Consuit CEM Microwave Sample Preparation Appiications 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 -4

2, Record dry weight of sample = ___i\_’Z_,_O_ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of 32U/22Th spike to the PFA vessel.
BYLBThspike # __ 25 B Reference Date __| ' 2z !CI -
LAV
Reference Activity _2.>\-83 pCig Spikewt.__ . 4995 ¢
3. Add reagents to vessel and record volumes: Reagents_ Volume (mi)
1
trcl 3
T O ¢
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 sampie 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 (HCLOy) 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 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 uitrapure 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 chloride form.
(Lot# _X_TSPA )

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

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

***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 soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vols 8M HNO,

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

RERRN

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 mi) 8M HNO; --> Fe

Elute 4-5 vois 0.IM HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

Rad

10.

11.

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

dryness. .

Add 6 mi 0.0 M EDTA soin to dissoive 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/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 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 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 stainiess steel planchet and count. /
zh|2>

Th Counting mu_&j@ﬁ

Uranium - F~ precipitation onto filter

% N

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate 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 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

t 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 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 ?/(L7 ,/ﬁ 2




U/Th Digestion (Nopal rock sampies)
— rd
Sample L. D. # NOPI-2%15

Date Z!\ ]l‘lg

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 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= __ 024 ,
2. Record dry weight of sample = __,_‘«ELL_ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of B2J/28Th spike to the PFA vessel.
BYPBTh spike#t LS ® Reference Date __| "?/ z lér >
232 (Ve
Reference Activity __29\-83 pCi/g Spike wt. L9863 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
KE 7
MC S 2
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
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 (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 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 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 mil 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# _4q 150 /K )

Main Colump (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vois 9M HC1)

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

Separation Date _}‘7/_31‘1_3/

**#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
HNO3)

Heat Th fraction to evaporate HCl

Add ~5 mi conc HNO, to dissoive 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 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 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 0.1M HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

ow

Bl

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 soln to dissoive 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% ethanoi and piace in a 50 mi poiysulfone 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 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 10M 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 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 piastic container and at low temperature (~60°C).

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

3\as
Th Counting Date

Uranium - F~ precipitation onto filter

1.
2.

To the solution containing U, add 1 mi 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 mi of |M 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 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

t 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 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 LIILZ‘/q)




U/Th Digestion (Nopal rock sampies)
Sample 1. D. # NOPI-3Tb

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

1. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sample
preparation note for the type of samplie (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=__ 0% 4
2. Record dry weight of sample = ___'D’_Qﬂ;_ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/2Th spike to the PFA vessel.
232U228Th spike # ___ 2> B Reference Date __| g 2z !4 >
R Ve
Reference Activity __2.04-33 ~ pCi/g Spikewt. _ - 1862
3. Add reagents to vessel and record volumes: Reag:tts Volume (mi)
&= ki
prcd 3
}"((A) 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 sampie to a ciean 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 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 ml 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. 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# __ 44150 A

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 mi) 9M HCl --> 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 M
HNO;)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO, to dissoive residue

Add equal voi (~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 HCl --> Th

Uranium Colump (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 coiumn 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 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1IM HCl --> U




AT
¥ v

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 0.03 M EDTA solin to dissolve residue, transfer soin to a 50 ml 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 to ensure compiete precipitation

5. Wet a 25 mm membrane filter with 80% ethanol and piace in a 50 mi polysuifone 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 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.

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. / q 5
2 1]

yd
Th Counting mteﬁ'ﬁﬁ?

Uranium - F~ precipitation onto filter

1. 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.

2. Add 2 mi of |M HCI to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen sulfate cake and any possible insoiuble double saits with the Ce carrier.

3. Transfer solution to a 50 ml poiycarbonate centrifuge tube with two more 2 mli portions of | M
HCIL.

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
t violet color or reduction and precipitation of U will be incompiete.

S. 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. ’

N o

©

with 80% ethanol.
10. Dry and analyze as described above.

e
U Counting Date Z—(‘b‘l 'lq >

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



U/Th Digestion (Nopal rock sampies)

Sample L. D. # NOPT-3717

Date ’l! !1)17/

Acid Digestion by Microwave: This method is usefui 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 sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ © %Y
2. Record dry weight of sample = _ﬂgﬁ__ 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.
D2YRBTh spike # __ 2 5 3 Reference Date _\ I T I a3
232\
Reference Activity __Z 04-33 pCi/g Spike wt. __ 9 344 g
3. Add reagents to vessel and record voiumes: Reagents Volume (mi)
R )
HC 2,
HwO ]
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: haif 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 smail 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.
**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. 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# _4aISOA

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

M sample in 9M HCl and allow to drain .
Wash 3 volumes (~35 mi) 9M HC1 --> Th . _
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe . . _ _

e
Separation Date ‘Z_lké'&

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

Thorjum 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 mi 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 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 vois (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto filter

l.

10.

1.

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

Add 6 ml 0.09 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 pg Ce/mti) 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 80%
ethanol.

Suck filter dry for about 15 sec and remove the chimney and filter carefully 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.

321"17//

Th Counting Date Em

Uranium - F~ precipitation onto filter

N 9

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 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 doubie saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of |IM
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

t 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 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 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.

rd
U Counting Date ?/!17 ‘/93



U/Th Digestion (Nopal rock sampies)

- SampleL.D.# __NopT-273

Date z,'l\‘s!ﬁg

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materials inciuding rocRs.

1. Consuit CEM Microwave Sampie 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
to be entered for the microwave digestion.

Application Note = ___ 05-%

2. Record dry weight of sample = __v_ff_?:i__ g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z*2U/228Th spike to the PFA vessel.
BYPBThspike # __25B Reference Date __) l ?/7/'@[ >
PR LAV
Reference Activity __204-23 _pCi/g Spike wt. __» 2 ¢ Cl g
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
H
Hct , 3
H®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
uitrapure water.
6. 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:
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 smail 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 topH = 7.
*sNote: 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. Dissovie the precipitate in ~3 ml conc HC1. 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# _ 49 7504 )

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

M sample in 9M HCI and allow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe

: e
Separation Date z,( 23 Zcz p)

*s3Note: 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 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 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 mi) 8M HNO, --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH- precipitation onto filter

I.

® =

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 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 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 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 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 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 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 stainiess steel pianchet and count.

s (2]a%
b
Th Counting Date__ 2~

Uranium - F~ precipitation onto filter

1.
2,

ol B S

©

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 dissoive
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
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

t 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 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

/
U Counting Date 2/’/ 1 / 95



U/Th Digestion (Nopal rock sampies)
Sampie L. D. # NopT-374

Date Llh'}!"ig

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materials inciuding rocgs.

1. Consuit CEM Microwave Sampie Preparation Appiications Manuai for the microwave sampie
preparation noke 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.

Application Note = ___ 051
2. Record dry weight of sample = 5017 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.
132J/225Th spike # 258 Reference Date __ | l ?/7/1 A3
PR AVE
Reference Activity __22~-33 pCi/g Spikewt. 1980 g
3. Add reagents to vessel and record voiumes: Reagents Volu_r7ne (mi)
HE
Hc) >
HINO A
P4
4, Seai vessel, place on urntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not compietely dissoived 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 haif is analyzed for U and Th isotopes.
Extraction:
7. Add 1 mi of perchloric acid (HCLO4) to the sample solution in the tefion beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

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.

*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 ~OM.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chioride form,
(Lot# __ 49150~ )

Main Column (Biorad 1.5 cm diameter column with 10 ¢m resin: prewash with 4-5 column vols 9M HC1)

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

Separation Date &(Z?l‘i)/

«s#Note: May work on U and Th fractions simultaneousiy from this point on.

Thorium Colump (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 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 HCl --> Th

Uranium Column (Biorad 0.7 cm diameter coiumn 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 vois (8-10 mi) 8M HNO; —> Fe

Elute 4-5 vois 0.1M HCI --> U




Source Preparation:

1.

o
H

10.

11.

Thorjum - OH" precipitation onto filter

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 dihydrochioride, 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 memobrane filter with 80% ethanoi and place in a 50 mi polysuifone filter funnei.

Shake bottle of substrate suspension (cenc 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 sampie is still filtering, add 0.5 mi 10M NaOH to the sampie 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 consecuuve 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. r
2h\a>

Th Counting Date Zt@:/fﬁ/

Uranium - F~ precipitation onto filter

N @

©

To the solution containing U, add 1 mi 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 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 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

t 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 soiution 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 mimn 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 7// 21 (/ 9>



U/Th Digestion (Nopai rock sampies)
Sampie L. D. # VOPT-330

-
Date Z!\’b!h*)

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 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
to be entered for the m}erowave digestion.

ApplicationNote = __ 02X

2. Record dry weight of sampie = __. 5090 g and place in a teflon PFA vessel.
3. Using a weighing boat. quantitatively add a known amount of Z2U/228Th spike to the PFA vessei.
22y Thspike # 25 D Reference Date __| E 22 {o\:lz
PCIVE
Reference Activity _204.33 pCig Spikewt. __ 194 o
3. Add reagents to vessel and record volumes: Reageng Volume (ml)
H <7
e )
Yo ‘
Pd
4, Seal vessel, place on mumntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not completely dissoived repeat step 4 .
5. Quanutatively transfer sample to a ciean teflon beaker, washing the PFA vessel severai 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 (HCLOg) to the sampie solution in the tefion beaker. Evaporate to
furnes of HCLO4. Pick up in a small amount (~2 mi) of conc. HC] and dilute to
approximately 2M (totai ~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 sampie 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 mi uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange 58233% AG 1-X8 100-200 mesh chloride form.
(Lot# _\MA 7 )

Main Columa (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HCT)

Load sampie in 9M HC] and allow to drain
Wash 3 voiumes (~35 mi) 9M HCl --> Th
Flute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date zg 23 ﬁ;

»=x2Note: 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 mi conc HNO, to dissolve residue

Add equai 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 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 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1M HCI --> U




Source Preparation:

Thorium - OH" precipitation onto fiiter

L,

i

1.

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

dryness.

Add 6 mi 0.05 M EDTA solin to dissoive 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 mgsmi 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 fiiter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pug Ce/mi) vigorousiy 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 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 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%
ethanoi.

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

Glue to tape the dry filter onto a | inch stainiess steei planchet and count.

-~ U
Th Counting n-u_‘i_/lz/&

Uranijum - F~ precipitation onto filter

Lol B S

b

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate 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 HCl 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
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
t 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.
rd
U Counting Date 4\3\ 45




U/Th Digestion (Nopal rock sampies)

Samplie L. D. # WOPT -23)

Date _ 21> |45

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

1.

Consult CEM Microwave Sampie Preparation Applications Manuat for the microwave sampie
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.

Application Note = ___ © 2%

2. Record dry weight of sample = __: 500 g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/25Th spike to the PFA vessel.
NWABThspike # 25 B Reference Date __ | g u/{ 473
232\
Reference Activity __204.33 pCig Spike wt. 4490 2
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
H= 7
H 2,
Hw O \
>
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 ciean teflon beaker, washing the PFA vessel severai times with
ultrapure water.
6. Split sample into two parts: haif 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 (HCLOg) to the samplie 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 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 uitrapure water,
ceatrifuge, 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 Resm #G 1-X8 100-200 mesh chioride form.
(Lot #

Main Colyma (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 coiumn vois 9M HC)

Load sampie in 9M HCl 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 ;[}& /9>

*s#Note: 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
HNO3)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equai 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 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 vois (8-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.1IM HCl1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

9
H

el

10.

11,

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

drymess.

Add 6 mi 0.05 M EDTA soin to dissoive residue, transfer soin to a 50 mi PP centrifuge wbe and
place wbe 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 wbe in boiling water bath for 10 minutes, remove, and place tube in coid water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanoi and place in a 50 mi polysuifone fiiter 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 sampie 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 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 fiiter 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 95

Uranium - F~ precipitation onto filter

1.
2.

Ladbe B S

o

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 HC] 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 1M
HCL

Add 2 drops of 20% titanium trichioride which shouid 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 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



U/Th Digestion (Nopal rock sampies)
Sampie I D. # NopL-332

Date Z!W‘M?/

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

Application Note = __05-% .
2, Record dry weight of sample = _ﬂ_ g 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.
B2YPBTH spike # __ 25 & Reference Date __ l 7/7/? a3
23w
Reference Activity __ 2033  pCi/g Spikewt. 1992 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
Hr
HT| 3
Hao - |
5
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 (HCLOg) to the samplie solution in the tefion beaker. Evaporate to
fumes of HCLO4. Pick up in a smail amount (~2 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 mi 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. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchangg 5?\”‘ AG 1-X8 100-200 mesh chloride form.
(Lot# _4ANS )

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 aliow to drain
Wash 3 voiumes (~35 mi) 9M HC1 -->Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Pl
Separation Date 5[25 Zgb

sssNote: 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 vois 8M
HNO,)

Heat Th fraction to evaporate HC]

Add ~5 mi conc HNO, to dissolve residue

Add equai 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 Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vols 8M
HNO9)

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 mi) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

1.

Cadbe

11.

1.

2.

10.

TN

Thorium - OH" precipitation onto filter

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 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 cold water for 10
minutes 1o ensure compiete precipitation

Wet a 25 mm memobrane filter with 80% ethanol and piace in a 50 mi poiysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ng Ce/mi) 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 sample is still filtering, add 0.5 mi 10M NaOH to the sampie 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 wbe, filter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanoi.

Suck filter dry for about 15 sec and remove the chimney and filter carefully 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 :”L |42

Uranium - F~ precipitation onto filter

To the solution containing U, add 1 mi of 10% sodium hydrogen sulifate 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 saits with the Ce carrier.
Transfer solution to a SO mi polycarbonate centrifuge tube with two more 2 mt portions of IM
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a swrong 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 trbidity should
clear up.
Mix thoroughly and ailow 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 5 ml of water containing 2 drops of 48% HF and thea

with 80% ethanol.
s
U Counting Date__ ] g3| G2

Dry and analyze as described above.




U/Th Digestion (Nopal rock sampies)
Sampie L. D. # NOPL-283

Date L!)B ,M{

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

i. 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 sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

AppiicationNote = ___ 05

2. Record dry weight of sample = _50—5‘1_ £ and place in a teflon PFA vessei.
3. Using a weighing boat, quantitatively add a known amount of 22U/2%8Th spike to the PFA vessel.
DYBTh spike # _ 25 O Reference Date ‘_\_Iiv_l‘l_}
A AV .
Reference Activity _29.83 pCi/g Spikewt. 4185 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
HE Z
v b
HwW O )
e
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 sampie to a ciean teflon beaker, washing the PFA vessel severai 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 perchioric 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. 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 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 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# _ 4971504 )

Main Colump (Biorad 1.5 cm diameter column with 10 ¢m resin: prewash with 4-5 column vois 9M HCI)

Load sample in 9M HCI and atlow to drain
Wash 3 volumes (~35 ml) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

«»#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 soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 column vois 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 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 vois (3-10 mi) 8M HNO; --> Fe

Elute 4-5 vols 0.1M HC! --> U




Source Preparation:

Thorjum - OH" precipitation onto filter

1.

o

el

10.

11.

Evaporate soiution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 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 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 compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and piace in a 50 mi poiysuifone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorousiy 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 sampie 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 sampie 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%
ethanoi.

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.

p
Th Couniing Date ‘H{i qu

Uranium - F~ precipitation onto filter

1.

2.

Lol B

b

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 suifate cake and any possible insoiuble 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 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

t 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 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% ethanoi.
Dry and analyze as described above.

/
U Counting Date ‘”\1@ :



U/Th Digestion (Nopai rock sampies)
Sampie L D. # PNoPL-289

Date 2|13 [4%

Acid Digestion by Microwave: This method is usetul for total decomposition of many different types of
materials inciuding rocRs.

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 sampie and reagents to be used, and program parameters
1o be entered for the microwave digestion.

Application Note = ___ 02—

2. Record dry weight of sample = sie 5 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.
3B Th spike # 253 Reference Date _ l 27/!0‘ >
ALV
Reference Activity _20<{. 38 pCi/g Spikewt, 331 o
3, Add reagents to vessel and record volumes: Reagents Volume (mi)
g 7
He § 3
HEO o, \
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 .

5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel severai 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 (HCLOj4) 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 to
approximately 2M (total ~10 mi).

8. Transfer solution to a 50 mi PP centrifuge ube. 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 uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovie the precipitate in ~3 mi conc HCI. 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 # ""(a\ 150 )

Main Column (Biorad 1.5 cm diameter column with 10 ¢m resin: prewash with 4-5 column vois 9M HCI)

Load sampie in 9M HCI and aliow to drain .
Wash 3 volumes (~35 mi) M HCl -->Th o
Elute 4 voiumes (~50 mi) 0.IM HCI --> U and Fe .

— e e

Separation Date _5@(‘:1_5/

=#sNote: May work on U and Th fractions simuitaneousiy from this point on.

Thorium Column (Biorad 0.7 cm diameter coiumn 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 soin 8M HNO,
Load onto column in 8M HNO,

Wash 3-4 coiumn 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 vois (8-10 mi) 8M HNO, —-> Fe

Elute 4-5 vols 0.1M HCl1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

%

10.

11.

Evaporate soiution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to

dryness.

Add 6 mi 0.05 M EDTA soin to dissoive residue, transfer soin to a 50 ml PP centrifuge tube and
piace 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 cold water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane fiiter with 80% ethanol and place in a 50 mi poiysuifone fiiter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ng 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 sampie 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 fiiter chimney.

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

Suck filter dry for about 15 sec and remove the chimney and fiiter 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.

v
Th Counting Date :l,]l%

Uranium - F~ precipitation onto filter

1.
2.

Lo

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and SO pg of Ce camier
and evaporate the solution until compietely 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 {M
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 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 previousiy 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.

y
U Counting Date_} ]} !4?




e

U/Th Digestion (Nopal rock sampies)

——— s
Sample L. D. # NPT -%35

Date

7/3)3!‘1;

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

1.

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sampie
preparation note for the type of sampie (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 = ___ 024

2. Record dry weight of sample = _5u 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(228Th spike # 25 & Reference Date __| l 1 zc\ 3
3tw
Reference Activity _ 204 88 pCirg Spikewt. 5060 ¢
3. Add reagents to vessel and record volumes: Reag:lins Volume (ml)
e i
He | 2
HM O ( /
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 (HCLOg) 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 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 topH = 7.
*sNote: 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 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 Resj.g(AG 1-X8 100-200 mesh chloride form.
(Lot # 447150 )

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

Load sample in 9M HC! and aliow to drain
Wash 3 voiumes (~35 mi) 9M HCI --> Th
Elute 4 volumes (~50 mi) 0.1M HCI1 --> U and Fe

*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 vois 8M
HNO,)

Heat Th fraction to evaporate HC1

Add ~5 mi conc HNO, to dissoive residue

Add equal vol (~5 mi) DI water so soin M 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 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 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto fiiter

L.

11.

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 dissoive residue, transfer soin to a 50 mi PP centrifuge tube and
place wbe 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 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 compiete precipitation

Wet a 25 mm membrane filter with 80% ethanoi and place in a 50 mi poiysuifone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 g 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 samplie 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 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 mi portions of 80%
ethanoi.

Suck filter dry for about 15 sec and remove the chimney and filter carefully 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 ’_‘”1“\3

Uranium - F~ precipitation onto filter

1.

2.

N o

b

To the solution containing U, add 1 mil of 10% sodium hydrogen suifate and 50 pg of Ce camer
and evaporate the sojution until complietely 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 dissoive
the sodium hydrogen suifate cake and any possible insoiuble double saits with the Ce carrier.
Transfer solution to a 50 mi polycarbonate centrifuge tube with two more 2 mi portions of 1M
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
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 soiution 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 5 mi of water containing 2 drops of 48% HF and them
with 80% ethanol.

Dry and analyze as described above.

U Counting Date L}(M )4 >




U/Th Digestion (Nopai rock sampies)
Sample.D.# __ WOPT 33l

. -~
Date Llrﬁ!&w

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

1. Consuit CEM Microwave Sample Preparation Appiications 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
to be entered for the microwave digestion.

Application Note = ___ 05X

2. Record dry weight of sample = __.5057 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.
B2PBTh spike # __ & 5% Reference Date ___ | ‘ 2T l” 3
Reference Activity __294-33 pCi/g Spikewt. . 50602 g
3. Add reagents to vessel and record volumes: Reagents Volume (mi)
i )
tel 3
HWO, \
~
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 severai 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. 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 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. Dissovie the precipitate in ~3 mi conc HCl. Add 1 mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchan_%c Ref}% AG 1-X8 100-200 mesh chloride form.
(Lot# 44 150 )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois SM HCl)

Load sampie in 9M HCI and aliow to drain
Wash 3 voiumes (~35 mi) 9OM HCl1 -->Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date SgPZﬁ;

*3®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
HNO3)

Heat Th fraction to evaporate HC]

Add ~5 mi conc HNO, to dissoive 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 Columa (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 vois (8-10 mi) 8M HNO; --> Fe

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

RERNN




Source Preparation:

1.

11.

1.

2.

Lol S

©

AN

Thorium - OH" precipitation onto filter

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 dissoive 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 mbe 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% ethanoi and place in a 50 mi polysuifone filter funnei.
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 sampie is stiil 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 chirnney, precipitate. and filter with three consecutive 5 mi 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 iow temperature (~60°C).

Glue to tape the dry filter onto a | inch stainiess steel planchet and count.

Th Counting Date i’W“)é

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 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
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

t 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 soiution 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 | 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 them
with 80% ethanol.
Dry and analyze as described above.

Uranium - F~ precipitation onto filter

/
U Counting Date ":)’)‘*fli[lb




U/Th Digestion (Nopal rock sampies)
Sampie L. D. # NoPL-%3 7

Date 7,]['9!‘(5

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materiais inciuding rocks.

1. Consuit CEM Microwave Sampie Preparation Appiications 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 sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = ___ &5~

2. Record dry weight of sampie = __ . 5013 £ and place in a teflon PFA vessel.
3. Using a weighing boat., quantitatively add a known amount of 22U/2%8Th spike to the PFA vessel.
13RBTh spike # 255 Reference Date _| gl »lﬁ 3
2% w B
Reference Activity __ 20" 83 pCi/g Spikewt. __.562' ¢
3. Add reagents to vessel and record voiumes: Reagents Volume (mi)
H= =z
HC| 3
H0 O l
>
4. Seal vessel, place on tumntable in microwave, enter and run digestion program. Cool and vent

vessel. If sampie 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: haif 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 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 catrier 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 Resip AG 1-X8 100-200 mesh chloride form.
(Lot# __ 49159 )

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 voiumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date iZl}%Zﬁ 5
=##Nqote: 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 mi 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 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 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 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1M HCl --> U




ST
[

Source Preparation:

Thorjum - OH" precipitation onto filter

l.

(%]
.

e

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 tube in boiling water bath for 10 minutes, remove, and place tube in coid water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanoi and place in a 50 mi polysuifone fiiter 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 sampie 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.

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

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 ‘;t’ log‘l 7

Uranium - F~ precipitation onto filter

1.

2.

Lol B

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 compietely dry and no more fumes are given off.
Add 2 ml of IM HCl 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 soiution 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 coior. 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 incompliete.
Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity shouid
clearup.
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 mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

/
U Counting Date 4—’{‘4!‘!7




U/Th Digestion (Nopal rock samples)
Sampie L. D. # PMOP L - 283
Date z l\|3 ! 9 g

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materials inciuding rocgs.

1. Consult CEM Microwave Sampie Preparation Applications Manuai 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 sampie and reagents to be used, and program parameters
to be entered for the microwave digestion.

Application Note = _M__

2 Record dry weight of sample = __. 5 05 {0 g and place in a tefion PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/22Th spike to the PFA vessei.
B2YPBThspike# _ 25 B Reference Date __L’L_'I/["\_'}
A s
Reference Activity __204-38  pCig Spikewt. _.5029 4
3, Add reagents to vessel and record voiumes: Reagents Volume (mi)
= v
Hed 3
Hw D, ‘
>
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not compietely dissoived repeat step 4 .
5. Quantitatively transfer samplie 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 mi of perchloric acid (HCLOg) to the sample solution in the tefion 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 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 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 ,B%S%AG 1-X8 100-200 mesh chioride form.
(Lot# __ 4975 )

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

Load sample in 9M HC] and allow to drain
Wash 3 voiumes (~35 mi) 9M HC1 -->Th
Elute 4 voiumes (~50 mi) 0.1M HC! --> U angd Fe

Separation Date 517/7,“1(

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

Thorium Column (Biorad 0.7 cm diameter coiumn 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 equai 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 Columa (Biorad 0.7 cm diameter coiumn 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 coiumn in 8M HNO,

Wash 2 vois (8-10 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

i.

%~

10.

1.

1.

2.

10.

o

Thorum - OH" precipitation onto filter

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

dryness.

Add 6 mi 0.05 M EDTA soin to dissoive residue, transfer soin to a 50 mi PP centrifuge tube and
piace tube in boiling water for a few minutes.

Add 100 ui 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 compiete precipitation

Wet a 25 mm membrane filter with 80% ethanoi and piace in a 50 mi polysuifone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/mti) vigorousiy 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 sampie is still filtering, add 0.5 mi 10M NaOH to the sampie 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 mi portions of 80%
ethanoi.

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 iow temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel pianchet and count.

& /
Th Counting Date ﬁl]\!ﬁ 7

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 IM HC1 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
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 incompiete.
Add 0.5 mil (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 tbe in an uitrasonic 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 5 mi of water containing 2 drops of 48% HF and then
with 80% ethanoi.
Dry and analyze as described above.

Uranium - F~ precipitation onto filter

U Counting Date Lﬂld_f\\@; b/



U/Th Digestion (Nopai rock sampies)
Sampie L. D. # pop T -234

P
Date 'pzrﬁ l‘r 5

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materials inciuding rocRs.

1. Consuit CEM Microwave Sampie Preparation Appiications Manual for the microwave sampie
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 = __ 5%
2. Record dry weight of sample = ___« so5le g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/?%Th spike to the PFA vessel.
12(BTh spike # __ L7 T Reference Date __U|22-Ft >
pike ¥+ Go— —J—F—ﬂ
Reference Activity _z04, 83 pCig Spikewt. 2016 ¢
3. Add reagents to vessel and record volumes: Reagg‘até’ Volume (ml)
+ 9]
e { )
He) {
)
4, Seal vessel, place on urntable in microwave, enter and run digestion program. Cool and vent
vessel. If sampie is not compietely dissoived repeat step 4 .
5. Quantitatively transfer sample to a clean teflon beaker, washing the PFA vessel severai 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 sampie 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 S0 mi PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate

actinides by addition of NH4OH topH = 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 | mi ultrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Res‘a/AG 1-X8 100-200 mesh chloride form.
(Lot# __49150 )

Main Columa (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 coiumn vois 9M HCI)

Load sampie in 9M HCl and aliow (o drain
Wash 3 volumes (~35 mi) 9M HC1 -->Th
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe

**8Note: 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 mi conc HNO; to dissoive 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-S column vois 9M HCl --> Th

Urapium Column (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO9)

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

Ehate 4-5 vois 0.1M HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

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 mbe 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 mbe 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% ethanoi and piace in a 50 mi polysulifone fiiter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mt) vigorousiy 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 sampie 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 wbe, 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 stainiess steel planchet and count.

-/
ThCoundngnm_PPML

Uragium - F~ precipitation onto filter

o=

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen sulfate and SO ng of Ce carrier
and evaporate the solution until compietely 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 suifate cake and any possible insoiuble double salts 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 trichioride must be added to produce a
t 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 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 S mi of water containing 2 drops of 48% HF and then
with 80% ethanol.
Dry and analyze as described above.

'] Ve

U Counting Date ) i [‘l 9
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U/Th Digestion (Nopal rock sampies)
SampleLD.# _ A 0PT-390

Date ZJ'Z?/I\C\;

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

1. Consuit CEM Microwave Sampie Preparation Apptlications Manuali for the microwave sampie
preparation note for the type of sampie (e.g., Fe-oxides. tff, 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 = oo

2. Record dry weight of sample = __. 5 ©t 2— g and place in a teflon PFA vessei.
3. Using a weighing boat, quantitatively add a known amount of Z2U/228Th spike to the PFA vessel.
PYBThspike # _ 29 S Reference Date __\ '17/! A
AV
Reference Activity _ 2033 pCi/g Spike wt. __+ SO\ g
3. Add reagents to vessel and record voiumes: Reagents Volume (ml)
HF i
tHC | 3
Hea 0., !
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. Quanttatively transfer sampie to a clean teflon beaker, washing the PFA vessel severai 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 sampie 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 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 uitrapure 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 Exchanz esin AG 1 -X8 100-200 mesh chloride form.
(Lot# _ 4975

Main Colymn (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HC1)

Load samptie 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

|1
|
|

*»#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 HC1

Add ~5 ml conc HNO, to dissolve residue

Add equai 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 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 coiumn in 8M HNO,

Wash 2 vois (8-10 mi) 8M HNO, —-> Fe

Elute 4-5 vois 0.1IM HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

el

Evaporate soiution containing Th to near dryness. add ~ 2 mi conc HNOz and evaporate to

Add 6 mi 0.05 M EDTA soln to dissoive 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% ethanoi and place in a 50 mi poiysuifone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorousiy 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 sampie is still filtering, add 0.5 mi 10M NaOH to the sampie tube and about S 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 tbe, filter chimney, precipitate. and fiiter with three consecutive 5 mi portions of 80%
ethanoi.

Suck filter dry for about {5 sec and remove the chimney and filter carefully without interrupting
the suction. Transfer filter to a piastic container and at low temperatre (~60°C).

Glue to tape the dry filter onto a 1 inch stainless steei pianchet and count.

i i/
ThCnundngDate_j_\\_k\iz

Uranium - F~ precipitation onto filter

1.

2.

N

©

To the solution containing U, add 1 mi of 10% sodium hydrogen sulifate and 50 ug of Ce carrier
and evaporate the solution until compietely 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 dissoive
the sodium hydrogen sulifate cake and any possible insoiuble 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

t 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 uitrasonic bath for 1 min to disperse the precipitate.
Mount the precipitate on a 25 mm membrane filter previousiy 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 anaiyze as described above.

/
2

U Counting Date L‘r}ﬂlﬁ
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U/Th Digestion (Nopal rock sampies)

Sample I. D. # N OPT 23

Date

lez)‘lg

Acid Digestion by Microwave: This method is usefui for total decomposition of many different types of
materials inciuding rocRs.

1.

Consuit CEM Microwave Sampie Preparation Appiications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides, wiff, 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 = __ 0%

-

2. Record dry weight of sample = - 202 5 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.
32YBThspike # __ 2917 Reference Date __\ ' % Ll a
23%w
Reference Activity _2.0\-35  pCi/g Spikewt. . 5042 ¢
3. Add reagents to vessel and record volumes: Reag:;ng Volume (mt)
i
HCl 3
He0 o {
P4
4, 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 .
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 (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.
*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 mi uitrapure water to dilute to ~9M.




N

Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot#_4a 150 )

Main Columg (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) 0.1M HCI --> U and Fe

*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 vois 8M
HNO3)

Heat Th fraction to evaporate HCl

Add ~5 mil conc HNO, to dissolve residue

Add equai 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 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 mi) 8M HNO; --> Fe

Elute 4-5 vois 0.1M HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

i

10.

11,

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

drymess.

Add 6 mi 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 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 wbe 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 funnei.
Shake bottie of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 5 mi portions through the fiiter 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 samplie 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 fiiter chimney.

Wash tube. fiiter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanoi.

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 iow temperature (~60°C).

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

(, /
ThCoundngDate_L‘u_\L\ﬁz

Uranium - F~ precipitation onto filter

1.

2.

® N

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and SO pg of Ce carrier
and evaporate the solution until compietely 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 insoiuble double salts with the Ce carrier.
Transfer solution to a 50 mi poiycarbonate centrifuge tube with two more 2 mi portions of |1M
HCL
Add 2 drops of 20% titanium trichloride which shouid produce a strong vioiet color. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a

1 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 soiution 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% ethanoi.
Dry and analyze as described above.

/
- U Counting Date LHI ‘-}"\LI 17.
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U/Th Digestion (Nopal rock sampies)
Sample L. D. # pOPT-294

Date L}zb(%’

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

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 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 = 02 -

2. Record dry weight of sampie = _5leo g and place in a teflon PFA vessel.
3. Using a weighing boat, quantitatively add a known amount of Z2U/2%Th spike to the PFA vessei.
YBThspike # 25 2 Reference Date __\ )'w/ (‘t b
RSN B
Reference Activity __20. 83 pCig Spikewt. . 505\ g
3. Add reagents to vessel and recori volumes: Reagexgs Volume (mi)
ip
Hc | >
HaJo c
4
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 severai 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 (HCLOg) 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 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. 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# _4A150A )

Main Colump (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HCT)

Load sample in 9M HC! and allow to drain
Wash 3 voiumes (~35 mi) 9M HClI --> Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

*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 vois 8M
HNOs)

Heat Th fraction to evaporate HCl

Add ~5 ml conc HNO, to dissolve residue

Add equai vol (~5 mil) 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 8M
HNO4)

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 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.IM HC! --> U




Source Preparation:

Thorjum - OH" precipitation onto fiiter

1.

2.

Bl

11

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

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 I0OM NaOH.

Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for i0
minutes to ensure compiete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi poiysuifone filter funnei.
Shake bottie 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 sampie 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 wbe, 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 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 stainiess steel planchet and count.

-
Th CountingDate_f | 1/~

Uranium - F~ precipitation onto filter

1.

2.

Cade B

o

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and SO ug 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 suifate cake and any possible insoiuble double saits with the Ce carrier.
Transfer solution to a 50 mli polycarbonate centrifuge tube with two more 2 mi 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

t 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 anaiyze as described above.

"
U Counting Date "! \\3 ‘\ﬁ >
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U/Th Digestion (Nopai rock sampies)

SampleLD.# __ pNoPT-'20

Date

222 a5
t 1

Acid Digestion by Microwave: This method is usetul for total decomposition of many different types of
materials inciuding rocRs.

1.

Consuit CEM Microwave Sampie Preparation Applications Manuali for the microwave sampie
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.

Application Note = __ 05+

2. Record dry weight of sampie = __. 502\ 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.
23228 Th spike # __ 2.5 O Reference Date __| ‘ 7,7/? 93
23t _
Reference Activity _ 29433 pCig Spikewt. ___. 5093 ¢
3. Add reagents to vessel and record volumes: Reagﬁ’ng Volume (mi)
jul 7
HC o 3
HaNOS \
I
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 ciean teflon beaker, washing the PFA vessel several times with
ultrapure water.
6. 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:
7. Add 1 mi of perchloric acid (HCLOg) to the sample soiution 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 (totai ~10 mi).
8. Transfer solution to a 50 mil PP centrifuge tube. Add ~10 mg Fe carrier and coprecipitate
actinkies 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 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# __4A1S0AC )

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

Load sampie in 9M HCI and alow to drain
Wash 3 voiumes (~35 mi) 9M HC1 --> Th
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

' -
Separation Date 27149>

*s8Note: 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 3M
HNO>)

Heat Th fraction to evaporate HCl

Add ~5 mi 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 Columnn (Biorad 0.7 cm diameter column with 10 cm resin; prewash with 4-5 column vois 8M
HNO9)

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 mi) 8M HNO, —-> Fe

Elute 4-5 vois 0.1M HCI --> U




Source Preparation:

1.

2.

%

10.

1.

1.
2.

bl

10.

. =TS

Thorium - OH" precipitation onto filter

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

Add 6 mi 0.05 M EDTA solin to dissolve 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 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% ethanoi and piace in a 50 mi poiysuifone fiiter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/mi) vigorousiy 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 sampie 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 tube, filter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanol.

Suck fiiter 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 stainiess steel planchet and count.

) i -
Th Counting Date_j_}_%%&

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

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

LT Uranium - F~ precipitation onto filter

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

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 | 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.

d
U Counting Date “‘_ !3 \‘53.



U/Th Digestion (Nopal rock samples)
Sample I. D. # NOPT-¥a4 5€P]

Date ___ [0 /lall‘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, tff, 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 = __- 0705 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.
232(J/228Th spike # 2565 Reference Date __| l 22 , 43
2320
Reference Activity __294.X8 pCi/g Spikewt. _ . Tlb! o
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
oM Heloy oo
3N iMooz 2
HE ~
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 (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 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 ultraphre 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# ___ Ho 7554 )

Main_Column (Biorad 1.5 cm diameter column with 10 cm resin; prewash with 4-5 column vols 9M HC))
Load sample in 9M HCl and allow to drain _ i
Wash 3 volumes (~35 ml) 9M HC1 --> Th —
Elute 4 volumes (~50 mi) 0.1M HCI --> U and Fe

Separation Date __ (U | )+ g

***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,3
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 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.

2.

o 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 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 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 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.

L
Th Counting Date Wllﬁ \‘LZ

Uranium - F~ precipitation onto filter

1.

2.

Gl

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 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 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.

g
U Counting Date {0 ] 13! 9
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U/Th Digestion (Nopal rock samples)

Sample L. D. # Wo T -dat -5EfP 2

Date

zol/wl/-f&

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 =

2. Record dry weight of sample = __. 0 434 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.
22ypBThspike # __ 2K © Reference Date __| ! 2 Ll a>
Reference Activity _ 20%- %8  pCi/g Spike wt. __ <10 8 7 g

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

o im K0 (e
b W0 2
H i

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 HCLOy4. 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 ml conc HCl. Add 1 ml ultrapure water to dilute to ~OM.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
Lot#___ 14a150A )

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 _ - o .

SeparationDate __t© J (1| %

***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 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 L
Pick up in about 2 ml conc HNO; 7

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

™\
N\
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Source Preparation:

Thorium - OH" precipitation onto filter

1.

10.

11.

Evaporate solution containing Th to near dryness, add ~ 2 ml 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 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 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 m1 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 fiiter 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__ [0 ‘ 15 lcl ~

Uranium - F~ precipitation onto filter

1.

2.

Bl

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 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 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.

- 4
U Counting Date (¢ /( ) /‘1 3
Co




U/cl\‘l':iDigwtion (Nopal rock samples)

Sample L. D. # WO T gW/ SEf3

Date

e

IO}lafw
[ ]

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 =

2. Record dry weight of sample = ___ «( )3 53 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.
2228Th spike # __ 7.5 O Reference Date __| l 2z }!cl 3
Reference Activity_2.04. 33 pCi/g Spikewt._ 7038 ¢

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

o) m K6,y (UD
RN 0 P
[anial !

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 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#___4a 7504~ )

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 o v
Wash 3 volumes (~35 ml) 9M HCl --> Th _ _
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe - o -

P
Separation Date __ (¢ [1( |9 5

***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 mi conc HNOj; to dissolve residue

Add equal vol (~5 ml) DI water so soln 8M HNO» — i
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, L g
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

1. Evaporate solution containing Th to near dryness, add ~ 2 ml conc HNOj3 and evaporate to
dryness.

2. Add 6 m]1 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.

3. 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.

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

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone fiiter funnel.

6. 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.

9. Wash tbe, filter chimney, precipitate, and filter with three consecutive 5 ml 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.

Th Counting Date \Ol} §F 9 s

=~

Uranium - 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 given off.

2. 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.

3. Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml 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
permanent violet color or reduction and precipitation of U will be incomplete.

5. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

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

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

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

10. Dry and analyze as described above.

7

U Counting Date 10 || 3 ') 9>
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U/Th Digestion (Nopal rock samples)

Sample L.D.# _ NOPT-dI7- PWD

Date

lzjll{ézs

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

5 »‘-’ to be entered for the microwave digestion.

v Application Note = 053¢ .

2, Record dry weight of sample = 272 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/228Th spike # L5% Reference Date __| ‘ z L‘ 3
Reference Activity _ 204.88  pCi/g Spikewt. __(-0'S52 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
e 7
vt 3
HNo_ \
4
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.
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 HCLOy4. 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 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#__ 52040 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 7
Elute 4 volumes (~50 ml) 0.1M HCl --> U and Fe WA N as

Separation Date lLl Y\ ! 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 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 vois 9M HCI --> Th

\

"
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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 HNQ,

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

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

Elute 4-5 vols 0.IM HC1 -> U

|UQ\KKK

\§
\
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Source Preparation:

Thorium - OH" precipitation onto filter

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

2. 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.

3. 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.

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

S. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.

6. 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.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml 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.

Th Counting Date_! - ‘ e l as

e

Uranium - F~ precipitation onto filter

1. 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.

2. 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.

3. Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml 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
permanent violet color or reduction and precipitation of U will be incomplete.

5. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

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

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

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

10. Dry and analyze as described above.

U Counting Date_12{ 10 \&S
T X




U/Th Digestion (Nopal rock samples)
Sample L D.# ___NOPT-418- b

Date lZ!lll\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 = s .
2. Record dry weight of sample = . 5744 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.
3228Th spike # __ K SB Reference Date _| ’ 27/(6\ >
Reference Activity _204.83  pCi/g Spikewt. _ {2032 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
Hi 7
Hef 3
WO} {
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 mi 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. 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 ml ultrapure water to diiute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot # 5204aLA )

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 HCl --> U and Fe

Separation Date ‘l'i:!_il‘l_?

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

4

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 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 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 ml conc HNO,

Dilute with about 2 ml DI water to approx 8M HNO; —
Load onto column in 8M HNO, .
Wash 2 vois (8-10 mi) 8M HNO, --> Fe -

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

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

2. 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.

3. 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.

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

S. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mli poiysulfone filter funnel.

6. 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 ailow 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.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml 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.

-
Th Counting Date__ |+ ’ 29 l‘) 3

* N

Uranium - F- precipitation onto filter

1. 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.

2. 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.

3. Transfer solution to a 50 mi poiycarbonate centrifuge tube with two more 2 ml 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
permanent violet color or reduction and precipitation of U will be incomplete.

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

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

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

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

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

10. Dry and analyze as described above.

/
U Counting Date (1 I 10 \‘I )
i \



U/Th Digestion (Nopal rock samples)
Sample L. D. # NOoPI-430 -Pwh

Date l?/! “|‘¢\>/

Acid Digestion by Microwave: This method is usetul 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 .
2. Record dry weight of sample = __ . 78 (97 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{J/228Th spike # 253 Reference Date _ g z Lz a2
Reference Activity _2.04-88 pCi/g Spike wt. __1. 006 ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
d
W 3
HwWo, }
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 ! mi 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 NH40H 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 # 5209 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 ailow to drain _
Wash 3 volumes (~35 ml) 9M HCI --> Th _ /_
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe
-
Separation Date __! Ll ( ( a5

***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 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
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.IM HCl1 --> U




Source Preparation:

Thorium - OH™ precipitation onto filter

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

2. 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.

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 10OM NaOH.

4. Place tube in boiling water bath for 10 minutes, remove, and place tube in cold water for 10

minutes to ensure complete precipitation

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.

6. 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.

7. Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.

8. 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.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml 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).

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

-
Th Counting Date__! "s o ‘ >

Uranium - 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 given off.

2. 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.

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
permanent violet color or reduction and precipitation of U will be incomplete.

5. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

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

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

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

10. Dry and analyze as described above.

/
U Counting Date 1|20 | Q4
| p—



U/Th Digestion (Nopal rock samples)
Sample L. D. # NoPL -2~ PD

Date lZ!“lﬁg

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 = LS Y .

2. Record dry weight of sample = H5\3 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.
B2UPBTh spike # _ 252 Reference Date _ [ l 'L’bl‘i 3
Reference Activity _204-83  pCi/g Spike wt. __|. 0077 3 g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
HE 7
Hel 3
HHNU., '
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: haif 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 HCLOy4. 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 uitrapure water,
centrifuge, and decant. Repeat washing.

10. Dissovle the precipitate in ~3 mi 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#__ 520906k )

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

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

Separation Date __ (¢ [ /4 "J/

***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 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 mi) 8M HNO; --> Fe
Elute 4-5 vols 0.IM HCl -> 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 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.

3. 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.

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

5. Wet a 25 mm membrane filter with 80% ethanol and place in a S0 ml polysuifone 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 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.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml 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.

Th Counting Date_'> ‘ 2¢ l 95

Uranium - F~ precipitation onto filter

1. 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.

2. Add 2 m] 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.

3. Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml 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
permanent violet color or reduction and precipitation of U will be incomplete.

S. Add 0.5 ml (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

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

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

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

10. Dry and analyze as described above.

U Counting Date '\7/, W l[\g
X 1y



U/Th Digestion (Nopal rock samples)

Sample LD.# __pOPT-423 -Pb
ld
Date 'IZ]H!‘?‘)

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 = 054 .
2. Record dry weight of sample = ‘ [7di 0 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.
~
mypBThspike # _ 2 B Reference Date __| ? 22|93
Reference Activity _204-88  pCi/g Spikewt. _ [.00LT ¢
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
B 7
tel 3
. HNO, )
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 soiution in the teflon beaker. Evaporate to
fumes of HCLOg4. 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 uitrapure water to dilute to ~9M.




Column Separation:
Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
(Lot# ___S109LA )

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 HCl1 --> Th /__

Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe
—
Separation Date | v | | 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 HNOj to dissoive 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

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 0.1IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

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/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 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 ( no , )

Uranium - F~ precipitation onto filter

1.

2.

oo~

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 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
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 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 (} 10 ‘\‘1 7



U/Th Digestion (Nopal rock samples)

Sample I. D. # NoPL-425 - D

Date 17/!H!ﬁ7f

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=___ 0SS

2. Record dry weight of sample = N 50 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.
-~
232(J228Th spike # 7255 Reference Date __{ ! 4 DZ‘i >
Reference Activity to4.3% pCi/g Spike wt. __{- 007k g
3 Add reagents to vessel and record volumes: Reagents Volume (ml)
HE i
He 3
Hps O !
4
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: haif 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 (HCLOy4) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOy4. 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#__ 5090k )

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 L /
Elute 4 volumes (~50 ml) 0.1M HCI --> U and Fe

v
Separation Date __( 2 l 1 [q>

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

Thorium Cotumn (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 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 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 HC! --> U




Source Preparation:

Thorium - OH" precipitation onto filter

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

2. Add 6 m1 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.

3. 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.

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

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 ml polysulfone filter funnel.

6. 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.

7. Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.

8. 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.

9. Wash tube, filter chimney, precipitate, and filter with three consecutive 5 ml 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).

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

~
Th Counting Date__' % ! R

Uranium - F~ precipitation onto filter

1. To the soiution 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.

2. 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.

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
permanent violet color or reduction and precipitation of U will be incomplete.

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

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

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

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

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

10. Dry and analyze as described above.

7
U Counting Date ) ( 10 { 9 9
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U/Th Digestion (Nopal rock samples)

Sample .D.# _ NOPT-417-PID A

Date

12 -27-45

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 Manuai 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 = 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.
232()228Th spike # Reference Date
Reference Activity pCi/g Spike wt. 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. Cooi 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 HCL.O4. Pick up in a small amount (~2 mi) 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. 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# _520490C4A )

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

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

|/_

-

Separation Date ___ > ) 3 ( 4 <

AN

***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
HNO3)

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 HC! -->Th

ARKKRK

__/_/_/

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,
L.oad onto column in 8M HNO,

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

Elute 4-5 vols 0.IM HC! -> U

NANKRK

\
\
\




Source Preparation:

Thorium - OH" preciptitation onto filter

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

2. 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.

3. 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.

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

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.

6. Shake bottle of substrate suspension (ceric hydroxide containing 10 ng 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.

7. Without interrupting suction, pour the sample into the filter chimney and allow to suck dry.

8. While the sample is still filtering, add 0.5 mi 10M NaOH to the sample tube and about 5 ml
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.

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

10. 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).

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

Th Counting Date_1 | l a4t

Uranium - F~ precipitation onto filter

1. 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.

2. Add 2 mi 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.

3. Transfer solution to a 50 ml polycarbonate centrifuge tube with two more 2 ml portions of |M
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
permanent vioiet color or reduction and precipitation of U will be incomplete.

S. Add 0.5 mi (10 drops) of 48% HF. The violet color dissappears and any slight turbidity should
clear up.
6. Mix thoroughly and allow solution to stand for 30 min in a cold water bath to obtain complete

precipitation of cerous and uranous fluorides.

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

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

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

10. Dry and analyze as described above.

U Counting Date \\ % l A\
Uy
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U/Th Digestion (Nopal rock samples)

Sample L. D. # Wp pT-f13 ~PWO A

Date

-~
(227 (om

Acid Digestion by Microwave: This method is usetul for total decomposition ot many different types of
materials inciuding rocks.

|

(%)

w

Consuit CEM Microwave Sample Preparation Applications Manual for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides. wtf. 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 =

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

Using a weighing boat. quantitatively add a known amount of 232U/228Th spike to the PFA vessel.

-32J/228Th spike # Reference Date
Reference Activity pCig Spike wt. o
Add reagents to vessel and record volumes: Reagents Volume (ml)

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 .

Quanttatively transfer sample to a clean tetlon beaker, washing the PFA vessel several times with
ultrapure water.

6. 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:

7.

Add 1 ml of perchioric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOy4. Pick up in a smail amount (~2 ml) 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.
**Note: 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 ml conc HCl. Add | ml ultrapure water to dilute to ~9M.




Column Separation:

Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
Lot# __ 50, & )

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-3 column vois 9M HCI)

Load sample in 9M HC] and allow to drain
Wash 3 voiumes (~35 mi) 9M HCl --> Th

Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe ——_ ——l/ D

Separation Date M

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

Thonum Column (Biorad 0.7 cm diameter column with 10 cm resin: prewash with 4-5 column vols M
HNO-)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNO. to dissolve residue

Add equal voi (~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

Uranjum Column (Biorad 0.7 cm diameter column with 10 ¢m resin: prewash with 4-5 column vols 8M
HNO-)

Evaoprate U fraction to near drvness

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 0.1M HCI --> U




Source Preparation:

Thorium - OH" precipitation onto filter

L Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNO3 and evaporate to
dryness.

2. 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.

3 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.

4. Place tube in boiling water bath for 10 minutes. remove. and place tube in coid water for 10
minutes to ensure complete precipitation

5. Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi polysulfone filter funnel.

6. Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/ml) vigorously and

draw 2 consecutive 5 mi portions through the fiiter with full suction. Allow each portion to suck
dry for 10-15 sec.

7. Without interrupting suction. pour the sampie into the filter chimney and allow to suck dry.

8. 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.

9. Wash tube. tilter 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. Transter filter to a plastic container and at low temperature (~60°C).

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

Th Counting Date__! |3 l 1 5(

Uranium - F~ precipitation onto filter

1. To the solution containing U, add 1 ml 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 suifate cake and any possible insoluble double saits with the Ce carrier.
Transfer solution t0 a 50 ml polycarbonate centrifuge tube with two more 2 mi portions of 1M
HCL.

4. Add 2 drops of 20% titanium trichioride 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

o

(o]

n

clear up.

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

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 ml portions of
cerous fluoride substate as described above.

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

10. Dry and analyze as described above.

U Counting Date | \ 3 { av
t



U/Th Digestion (Nopal rock sampies)

Sample L D. # NOPT -4y20 - PID A
Date ,;!7,7[/ﬁ{

Acid Digestion by Microwave: This method is usetui for totai decomposition ot 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.

Application Note =

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

Using a weighing boat. quantitatively add a known amount of 232U/228Th spike to the PFA vessel.

232/228Th spike # Reference Date
Retference Activity pCig Spike wt. g
Add reagents to vessel and record volumes: Reagents Volume (ml)

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

Quantitatively transfer sampie to a clean tetlon 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:

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 mi) of conc. HCI and dilute to
approximately 2M (total ~10 mi).

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.

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

Dissovle 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 chloride form.
(Lot# _5209LK )

Main Column (Biorad i.5 cm diameter column with 10 cm resin: prewash with 4-3 column vois 9M HCI)

Load sample in 9M HCl and allow to drain

Wash 3 volumes (~35 mi) 9M HCl --> Th “_ _/_
Elute 4 volumes (~50 mi) 0.1M HCl --> U and Fe

~

Separation Date l}g”‘fb “\ J

***Note: May work on U and Th fractions simuitaneously trom this point on.

Thorium Column (Biorad 0.7 cm diameter column with 10 c¢m 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 soin 8M HNO,

Load onto column in M HNO- _ /

Wash 3-4 column vois 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 vols 0.1IM HC1 --> U




TN

Source Preparation:

Thorium - OH" precipitation onto filter

.

2.

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/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 fiiter 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 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 tilter 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 steei planchet and count.

Th Counting Date \l ) #ﬁ {

Uranium - F~ precipitation onto filter

1.

2.

o~

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 ml of 1M HCI to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possible insoiuble double salts with the Ce carrier.
Transfer soiution 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 ailow 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 2 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 [ ! 2 ) QL



U/Th Digestion (Nopai rock sampies)

Sample .D.# _ NOPT -43(-fwp A

/
Date )"/!’v’l{”l )

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

1.

w

)\(6.

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 sampie and reagents to be used. and program parameters
to be entered for the microwave digestion.

Application Note =

Record dry weight of sample = g and place in a tetlon PFA vessel.

Using a weighing boat. quantitatively add a known amount of 232U/228Th spike to the PFA vessel.

-32UJ/228Th spike # Reference Date
Reference Activity pClg Spike wt. g
Add reagents to vessel and record volumes: Reagents Volume (ml)

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 .

Quantitatively transter sampie to a clean tetflon 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:

7.

10.

Add 1 ml of perchloric acid (HCLOy) to the sample solution in the teflon beaker. Evaporate to
fumes of HCLOg4. Pick up in a smail amount (~2 ml) 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.
**Note: 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 ultrapilre water,
centrifuge, and decant. Repeat washing.

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 [-X8 100-200 mesh chloride form.
(Lot# _ 5109L K )

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

Load sample tn 9M HCI and allow to drain

Wash 3 volumes (~35 ml) 9M HCI --> Th L %
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe

/
Separation Date __ | 2 ! 17 z‘; b4

***Note: May work on U and Th fractions simuitaneously trom this point on.

Thonum 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 HNOx 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 HC! --> 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 10 approx 8M HNO,

Wash 2 vols (8-10 mi) 8M HNO, --> Fe —" /

Load onto column in 8M HNO,
Elute 4-5 vols 0.1M HC! --> U




Source Preparation:

Thorium - OH" precipitation onto filter

1.

w

=~

Evaporate solation 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 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/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 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 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 tilter chimney.

Wash tube. tilter 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 fiiter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steei planchet and count.

Th Counting Date__\ ’ % | s b

Uranium - F~ precipitation onto filter

1.

2.

® =

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 g of Ce carrier
and evaporate the soiution untii compietely 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 mi polycarbonate centrifuge tube with two more 2 mi portions of iM
HCIL
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 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
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 \\ 2\4a.
\ \



U/Th Digestion (Nopali rock samples)

Sampie L. D. # NoPT-423%-pupA

Date (7/{7,7{/47/

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 Manuai for the microwave sample
preparation note for the type of sample (e.g., Fe-oxides. tutf. 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.

Appiication Note =

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

3. Using a weighing boat. quamiuﬁively add a known amount of 232U/228Th spike to the PFA vessel.
~*2J/228Th spike # " Reference Date
Reference Activity pCi/g Spike wt. 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 .

S. Quantitatively transter sample to a clean teflon beaker, washing the PFA vessel several times with
uitrapure water.

6. 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:

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 smali 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 # 5209, A )

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

Load sample in 9M HC! and allow to drain .
Wash 3 volumes (~35 mi) 9M HCl1 --> Th _/
Elute 4 volumes (~50 mi) 0.1M HC! --> U and Fe
/7
Separation Date __' (7’% “! L

***Note: May work on U and Th fractions simultaneously trom 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 dissoive 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 - A . L
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 HCl --> U L .




Source Preparation:

Thorium - OH" precipitation onto filter

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
piace 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 mbe 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 fiiter with 80% ethanol and place in a 50 ml polysulfone filter funnel.
Shake bottle of substrate suspension (ceric hydroxide containing 10 ug Ce/mi) 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 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 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__! i"> !‘\‘o

Uranium - F~ precipitation onto filter

1.

2.

Gl

10.

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 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 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 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 CountingDate ) ~», 4V
\ \



U/Th Digestion (Nopali rock samples)

Sample . D.# _ NOVPL -4x5-pwp A
7
Date 17/17/7/47

Acid Digestion by Microwave: This method is usetul 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 sampie (e.g., Fe-oxides. tutf, 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 =

2 Record dry weight of sample = ¢ and place in a teflon PFA vessel.
3 Using a weighing boat, quantitétively add a known amount of 232U/228Th spike to the PFA vessel.
~720J/228Th spike # Reference Date
Reference Activity pClg Spike wt. g
3. Add reagents to vessel and record volumes: Reagents Volume (ml)
(s
. 4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cooi and vent

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

S. Quantitatively transter sampie to a clean tetlon 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 HCLOy4. 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.
**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# _ 5109k A )

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

Load sampie in 9M HCl and allow to drain
Wash 3 volumes (~35 ml) 9M HCl --> Th . \_/_
Elute 4 volumes (~30 mi) 0.1M HC! --> U and Fe

Separation Date 12~ !VZ ’ 9 ‘)/

***Note: May work on U and Th fractions simuitaneously tfrom this point on.

Thorium Column (Biorad 0.7 ¢m diameter column with 10 c¢m resin: prewash with 4-5 column vols 8M
HNO-)

Heat Th fraction to evaporate HCI

Add ~5 ml conc HNOx 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 ml) 8M HNO; --> Fe :/
Elute 4-5 vois 0.1M HCl1 --> 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.

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 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 coid 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/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 sampie into the filter chimney and allow to suck dry.
While the sample is st filterinig, 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 tilter 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_ | ‘ % ’ﬁ b

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 compietely 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 sulfate cake and any possible insoluble doubie 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 thoroughiy and allow solution to stand for 30 min in a cold water bath to obtain compliete
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 \\\ 3 1\5\ b



U/Th Digestion (Nopai rock sampies)

Sample . D.# __ nolP T -tAa% —SEPL C

Date z‘)zzllﬂw

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

1. Consuit CEM Microwave Sampie Preparanon Applications Manuai for the microwave sampie
preparation note for the type of sample (e.g.. Fe-oxides. tutf. etc...) 10 be dissoived. The

application note discusses the amount of sampie and reagents to be used. and program parameters
10 be entered for the microwave digestion.

Application Note =

]

2. Record dry weight of sample = 2 and place in a tetlon PFA vessel.

3, Using a weighing boat. quantitatively add a known amount of 232U/228Th spike to the PFA vessel.

2ULBThspike # __ L5 A Reference Date l\ ?,Ll A3
o — Mo L g . 7'5_ [2) 7
Reference Activity _2-25 \  aCig Spike wt. ~=- 7538
3. Add reagents to vessel and record voiumes: Reagents Volume (mh
4. Seal vessel, place on turntable in microwave, enter and run digestion program. Cool and vent

vessel. If sample s not compieteiy dissolved repeat step 4 .

(9 2)

Quantitatively transfer sampie to a ciean tefion beaker, washing the PFA vessel several times with
ultrapure water.

6. Split sampie into two parts: haif is saved in a PP bottle for later processing if necessary and the
other half is anaiyzed 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 mi) of conc. HC! and diiute 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 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. 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 torm.
Lot# :

Main Column (Biorad 1.5 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vois 9M HCI)

Load sampie in YM HCl and allow to drain
Wash 3 volumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~30 mi) 0.1M HCl --> U and Fe

3[4 [49¢
Separation Date -

***Note: May work on U and Th fracuons simuitaneousiv rrom this point on.

Thonum 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 mi conc HNOs to dissolve residue

Add equal voi (~5 mi) DI water so soin 8M HNO-,
Load onto column 1n 3M HNO-

Wash 3-4 column vois 8M HNO.

Elute 4-5 coiumn vois 9M HCl --> Th

Uranium Cojumn (Biorad 0.7 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vois 8M
HNO.)

Evaoprate U fraction to near drvness

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 0.1M HCl --> U




Source Preparation:

Thonum - OH" preciprtation onto filter

L

(L

(¥

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 dissoive residue. transfer soin to a 30 mi PP centrifuge tube and
place tube in boiling water for a few minutes. )

Add 100 ui purified cerous nitrate (0.5 mgzmi Ce) to precipitate hydroxides. Mix. add 2 drops
25% hydrazine dihydrochioride. and 2 mi of 10M NaOH.

Place tube in boiling water bath for 10 minutes, remove. and place tube in coid water for {0
minutes to ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanoi and piace in a 50 mi polysuifone filter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/mi) vigorously and
draw 2 consecutive 3 mi portions through the tiiter with full suction. Allow each portion to suck
dry tor 10-15 sec.

Without interrupting suction. pour the sampie into the tilter chimney and allow to suck dry.
While the sampie ts sl filtering, add 0.5 ml 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 tube. filter chimney, precipitate. and filter with three consecutive 5 mi portions of 80%
ethanoi.

Suck filter dry for about 15 sec and remove the chimney and filter carefully without interrupting
the suction. Transter tilter to a piastic container and at iow temperature (~60°C).

Glue to tape the dry filter onto a | inch stainless steel pianchet and count.

Th Counting Date__ 3 g'7 lczfo

Uraniym - F~ precipitation onto filter

1.

2.

To the solution containing U, add 1 mi 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 IM HCl to the beaker containing the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possible insolubie double saits with the Ce carrier.
Transter solution to a 50 mi 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 incomplete.

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

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

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 ) \7 \ Ak
t

1




U/Th Digestion {Nopai rock sampies)

Sampie . D.# __WpPI -4at -5€P2 ()

Date 7,!?,8!\‘\(’

Acid Digestion by Microwave: This method is userui for total decomposition or many different types of
matenals inciuding rocks. :

1. Consuit CEM Microwave Sampie Preparauon Applications Manual for the microwave sampie
preparation note tor the type of sample (e.g.. Fe-oxides. wtf. 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.

Appiication Note =

2 Record dry weight of sample = __ 9,04 31 2 and place in a tetflon PFA vessel.

3. Using a weighing boat. quantitatively add a known amount ot 232U/228Th spike to the PFA vessel.

RYLBThspike # 2 S A Reference Date M

Reference Activity _ 2. 05\ %Cijg Spikewt. 42477 g
3. Add reagents to vessel and record voiumes: Reagents Volume (ml)
4. Seal vessel, place on tumtable in microwave, enter and run digestion program. Cool and vent

vessel. [f sampie is not compietely dissoived repeat step 4 .

¥4

Quanutatively transfer sampie to a clean tefion beaker. washing the PFA vessel severai times with
ultrapure water.

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

Extraction:

7. Add | 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 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 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 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 chioride form.
Lot # :

Main Column (Biorad 1.5 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vois 9M HCI)

Load sampie in YM HCl and allow 1o drain
Wash 3 volumes (~35 mi) 9M HC! --> Th
Elute 4 volumes (~30 mi) 0.1M HCl --> _and Fe

Separation Date __Z ﬁ 2B 161 b

***Note: May work on U and Th fracuons simuttaneousiv trom this point on.

Thonum Column (Biorad 0.7 vm diameter column with 10 cm resin: prewash with 4-5 column vois 8M
HNO-)

Heat Th fraction to evaporate HCIl

Add ~5 mi conc HNO- to dissolve residue

Add equal voi (~5 mb) DI water so soln 8M HNO-
Load onto column 1n 3M HNO.

Wash 3-4 column vois 8M HNO.

Elute 4-5 column vols 9M HC! --> Th

Urapium Column (Biorad 0.7 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vols 8M
HNO-)

Evaoprate U fraction to near drvness

Pick up in about 2 mi conc HNO,

Dilute with about 2 mi DI water 10 approx 8M HNO,
Load onto coiumn in 8M HNO,

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

Elute 4-5 vois 0.1M HC! --> U




Source Preparation:

Thorium - OH" precipitation onto tiiter

I

[§9]

(993

n

Evaporate soiution containing Th to near dryness. add ~ 2 mi conc HNO1 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue. transter 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 10 ensure compiete precipitation

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

Without interruptung suction. pour the sampie into the filter chimney and allow to suck dry.
While the sample is stiil filtering, add 0.5 mi 10M NaOH to the sampie tube and about 3 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 tilter chimney.

Wash tube, filter chimney, precipuate. 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. Transter filter to a piastic container and at low temperature (~60°C).

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

Th Counting Date ?Z ¢ ( 1%

Uranium - F~ precipitation onto filter

I

2.

10.

To the solution containing U, add 1 mi 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 HCl to the beaker containing the purified U fraction and heat gently to dissolve
the sodium hydrogen suifate cake and any possible insoiubie double saits with the Ce carrier.
Transfer solution to a 50 ml poiycarbonate 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 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 coid 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 anaiyze as described above.

U Counting Date D [\'J( \ 0\".



U/Th Digestion (Nopai rock samplies)

Sampie I.D. # __ NoPT-%a4 ~SEP3 (¢)

Date 2 123]AaL
" {

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

1. Consuit CEM Microwave Sampie Preparauon Applications Manuai for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides. tutf. etc...) to be dissolved. The

application note discusses the amount ot sample and reagents to be used. and program parameters
to be entered for the microwave digestion.

Appiication Note =

2. Record dry weight of sample = .035% 2 and place in a tetlon PFA vessel.

(s

Using a weighing boat. quantitauvely add a known amount of #32U/228Th spike to the PFA vessel.

*2U/228Th spike # TS5 A Reference Date J.lz-_"’_l/ﬁ}_

Reference Activity __2.05\ ”;Ci/g Spikewt. _3. 85\L g

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

4. Seal vessel, place on turntable in microwave. enter and run digestion program. Cooi and vent
vessel. [f sampie is not completely dissolved repeat step 4 .

3. Quantitatively transter sampie to a clean tetlon beaker, washing the PFA vessel severai times with
ultrapure water.

6. Split sampie into two parts: half is saved in a PP bottie for later processing if necessary and the
other half is anaivzed 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 HCLOy4. Pick up in a small amount (~2 mi) of conc. HC! and dilute to
approximately 2M (total ~10 ml).

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




,,_\
ST
47 e

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

Lot #

Main Column (Biorad 1.5 cm diameter coiumn with 10 cm resin: prewash with 4-5 coiumn vols 9M HC))

Load sample in YM HCl and allow 10 drain
Wash 3 volumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~30 mi) 0.1M HCl --> U _and Fe

Separation Date L’ 23 g 96

***Note: May work on U and Th fracuons simuitaneousiv from this point on.

Thonum Column (Biorad 0.7 vm 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 dissoive residue

Add equai vol (~5 mi) DI water so soin 8M HNO-,
Load onto column 1n 8M HNO,

Wash 3-4 column vois 8M HNO-

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

Uranium Colymn (Biorad 0.7 cm diameter column with 10 cm resin: prewash with 4-5 coiumn vois 8M

HNOs)

Evaoprate U fraction to near drvness

Pick up 1in 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 mi) 8M HNO, --> Fe

Elute 4-5 vois 0.1M HCl --> U




Source Preparation:

Thorium - OH" precipitation onto tiiter

L.

o
.

(V%)

w

Evaporate solution containing Th to near dryness. add ~ 2 mi conc HNOz and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soln to dissolve residue. transter soin to a 50 mi PP centrifuge mbe and
place tube in boiling water for a few minutes.

Add 100 pl purified cerous nitrate (0.5 mgmi Ce) to precipitate hydroxides. Mix. add 2 drops
25% hydrazine dihydrochioride. and 2 mi of 10M NaOH.

Place tbe in boiling water bath for 10 minutes. remove. and piace tube in coid water for 10
minutes 1o ensure complete precipitation

Wet a 25 mm membrane filter with 80% ethanol and place in a 50 mi poiysuifone filter funnet.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorously and
draw 2 consecutive 3 mi portions through the tilter with full suction. Allow each portion to suck
dry for 10-15 sec.

Without interrupting suction. pour the sample into the fiiter chimney and ailow 1o suck dry.
While the sample is stiil filtering, add 0.5 mi 10M NaOH to the sampie tube and about 5 mi
ultrapure water down the sides of the tube. Atter the sampie 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 3 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 piastic container and at low temperatre (~60°C).

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

Th Counting Date /)4 Z7C

Uranium - F~ precipitation onto filter

1.

2.

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

Add 2 mi of 1M HCl to the beaker contamning the purified U fraction and heat gently to dissoive
the sodium hydrogen suifate cake and any possibie insoluble double salts 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 shouid produce a swrong 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 vioiet 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 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__3 | ¢ [ 13
A




U/Th Digestion (Nopai rock sampies)

Sample .D.# __ NoPL-44A4 -SEPY

Date L[LX!‘lb

Acid Digestion by Microwave: This method is userul for totai decomposition or many different types of
materials including rocks.

1. Consuit CEM Microwave Sampie Preparauon Appiications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides. tutf. 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 =

-
RN Record dry weight of sample = L 032 2 and place in a teflon PFA vessei.

3. Using a weighing boat. quantitatively add a known amount of #32U/228Th spike to the PFA vessel.

2P BThspike # _ 2.5 A Reference Date _tl_lkm

Reference Activity _2 -0S\ pCiig Spikewt. _3.3388 ¢
3. Add reagents to vessel and record voiumes: Reagents Volume (mi)
4. 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 .

3. Quantitatively transter sampie to a clean teflon beaker. washing the PFA vessel several times with
uitrapure water.

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

Extraction:

7. -Add 1 mi 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 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 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 ultrapure water,
centrifuge, and decant. Repeat washing.

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




Column Separation:

Resin: BIO-RAD Anion Exchange Resin AG 1-X8 100-200 mesh chloride form.
Lot # i

Main Column (Biorad 1.5 cm diameter column with 10 cm resin: prewash with 4-5 column vois 9M HC))

Load sampie in YM HC! and allow to drain
Wash 3 volumes (~35 mi) 9M HCI] --> Th
Elute 4 volumes (~30 mi) 0.1M HCl --> U and Fe

Separation Date __ 2 F 1y QQL

***Note: May work on U and Th fracuons simuitaneousiy trom this point on.

Thonum Column (Biorad 0.7 ¢:m diameter column with 10 cm resin: prewash with 4-5 column vois 8M
HNO-)

Heat Th fraction to evaporate HC!

Add ~5 mi conc HNO. to dissolve residue

Add equai vol (~3 ml) DI water so soin 8M HNO,
Load onto column 1in M HNO-

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vols 9M HC! --> Th

RERRN

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 drvness

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 mi) 8M HNO, --> Fe

Elute 4-5 vols 0.IM HC1 --> U




Source Preparation:

Thorium - OH" precipitation onto filter

L.

(8%

(LI

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

Add 6 mi 0.05 M EDTA soln to dissoive residue. transter soln to a 50 mi PP centrifuge tube and
place tube in boiling water for a few minutes.

Add 100 pl punified cerous nitrate (0.5 mgmi Ce) to precipitate hydroxides. Mix. add 2 drops
25% hydrazine dihydrochloride. and 2 mi of 10M NaOH.

Place tube in boiling water bath for {0 minutes, remove. and place tube in coid water for {0
minutes to ensure complete precipitation

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

Without interrupting suction. pour the sampie into the tilter chimney and allow to suck dry.
While the sample 1s suii filtening, 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 tilter 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. Transter filter to a plastic container and at low temperature (~60°C).

Glue to tape the dry filter onto a | inch stainiess steel pianchet and count.

Th Counting Date__ 3 [ 4 /4 ¢

Uranium - F~ precipitation onto filter

1.

2.

To the solution containing U, add | ml of 10% sodium hydrogen sulfate 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 dissoive
the sodium hydrogen suifate cake and any possible insoluble double saits with the Ce carrier.
Transter 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 cotor. If not, iron is
probably present and a few more drops of titanium trichloride must be added to produce a
permnanent 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 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 5!4[\‘1 (Y |



U/Th Digestion (Nopal rock sampies)

Sample .D.# _pOPT ~MAt ~SEPS

Date Z}LZ '/‘\&

Acid Digestion by Microwave: This method is userui for totai decomposition or many different types of
matenials including rocks.

1. Consuit CEM Microwave Sample Preparauon Applications Manuai for the microwave sampie
preparation note for the type of sampie (e.g., Fe-oxides. tutf. 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 =

h Record dry weight of sample = 02906 2 and place in a tetflon PFA vessel.

3. Using a weighing boat. quantitatively add a known amount of #32U/228Th spike to the PFA vessel.
YLBThspike # __2.S o Reference Date __{ I 22 “\ 3
Reference Activity __2 .05\ l';Ci/g Spikewt._3.8403 ¢

3 Add reagents to vessel and record voiumes: Reagents Volume (mb

4. Seal vessel. place on mrntable in microwave, enter and run digestion program. Cool and vent

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

L

Quanutatively transfer sampie to a ciean tetlon beaker. washing the PFA vessei severai 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 | mi of perchioric acid (HCLOj4) 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 mi).

8. Transfer soiution 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. 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# ;

Main Column (Biorad 1.5 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vois 9M HCI)

Load sampie in 9M HCI and allow o drain
Wash 3 volumes (~35 mi) 9M HCl --> Th
Elute 4 volumes (~30 mi) 0.1M HCl --> U and Fe

Separation Date __ 2 {'L 3 g 4}

**#Note: May work on U and Th fractions simuitaneously trom this point on.

Thonum 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 mi conc HNO-, to dissoive residue

Add equai vol (~5 ml) DI water so soin 8M HNO-
Load onto coiumn 1n 3M HNO,

Wash 3-4 column vois 8M HNO,

Elute 4-5 column vols 9M HC! --> Th

Urapium Column (Biorad 0.7 cm diameter coiumn with 10 cm resin: prewash with 4-5 column vols 8M
HNOa)

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 1n 8M HNO,

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

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




Source Preparation:

Thorium - OH" precipitation onto filter

I

(%)

(%)

Evaporate solution containing Th to near dryness. add ~ 2 ml conc HNO1 and evaporate to
dryness.

Add 6 mi 0.05 M EDTA soin to dissolve residue. transter soin to a 50 mi PP centrifuge tube and
place tube in boiling water for a rew minutes.

Add 100 pi punfied 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 i0 minutes, remove. and place tube in cold water for 10
minutes to ensure compiete precipitation

Wet a 25 mm membrane fiiter with 80% ethanol and piace 1n a 50 mi polysuifone fiiter funnei.
Shake bottle of substrate suspension (ceric hydroxide containing 10 pg Ce/ml) vigorousiy 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 drv.
While the sample 1s 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 tilter chimney.

Wash tube. filter chimney, precipitate. and filter with three consecutive 3 mi portions of 80%
ethanol.

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

Glue to tape the dry filter onto a | inch stainiess steei pianchet and count.

Th Counting Date_ 3 /4 /96

Uranium - F~ precipitation onto filter

1.

2.

10.

To the solution containing U, add 1 mi of 10% sodium hydrogen suifate and 50 pg of Ce carrier
and evaporate the solution untii 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 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 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 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 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 ﬁ(l y !‘ﬂ |



U/Th Digestion (Nopai rock sampies)

Sample LD.# _ NOPTHAY-SEPL

Date __7_ ll'z/B (I‘\(p

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

l. Consuit CEM Microwave Sampie Preparation Applications Manual for the microwave sampie
preparation note for the type of sample (e.g., Fe-oxides. wff. etc...) 10 be dissolved. The

application note discusses the amount ot sampie and reagents to be used. and program parameters
to be entered for the microwave digestion.

Application Note =
2. Record dry weight of sample = L0431 2 and place in a teflon PFA vesseli.

3. Using a weighing boat. quanutauveiv add a known amount of 232U/228Th spike to the PFA vessel.

MYLBThspike # _ 2 S A Reference Date __ | g A3 ?‘\ 3
Reference Activity _2.05 | %Ci/g Spikewt. __3.%263% ¢
3. Add reagents to vessel and record voiumes: Reagents Volume (ml)
4. Seal vessel. place on urntable in microwave. enter and run digestion program. Cool and vent

vessel. If sampie is not compietely dissolved repeat step 4 .

h

Quantitatively transfer sample to a clean teflon beaker. washing the PFA vessel severai 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 anaiyzed for U and Th isotopes.

Extraction:

7. Add 1 ml of perchioric acid (HCLOg) to the sampie soiution in the teflon beaker. Evaporate to

fumes of HCLOy4. Pick up in a small amount (~2 mi) of conc. HC] and dilute to
approximately 2M (totai ~10 ml).

8. Transfer solution to a 50 mi PP centrifuge ube. Add ~10 mg Fe carrier and coprecipitate
actinides by addition of NH4OH to pH = 7.
**Note: if sampie 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 ultrapure water,
centnifuge, and decant. Repeat washing.

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






