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Department of Energy 

Ohio Field Office 
Fernald Area Office 

P. 0. Box 538705 
Cincinnati, Ohio 45253-8705 ... 

(51 3) 648-31 55 

NOV 2 f 1996 

DOE-0212-97 

Mr. James A. Saric, Remedial Project Director 
U.S. Environmental Protection Agency 
Region V - 5HSF-5J 
77 W. Jackson Boulevard 
Chicago, Illinois 60604-3590 

Mr. Tom Schneider. Project Manager 
Ohio Environmental Protection Agency 
401 East 5th Street 
Dayton, Ohio 45402-291 1 

Dear Mr. Saric and Mr. Schneider: 

TRANSMITTAL OF PRELIMINARY AREA 1, PHASE I REMEDIAL ACTION DATA 

The purpose of this letter is to  transmit a preliminary, partial set of the real time and 

Project t o  support our meeting on November 25, 1996. These partial analytical and insitu 
radioactivity measurement results reflect the data which is currently available. In order to 
have sufficient analytical data to compare to  the insitu radiation measurements data at our 
upcoming meeting these laboratory analytical results were obtained from the analysis of 
both Waste Acceptance Criteria (WAC) attainment samples and duplicate samples taken 
from the comparability study. The laboratory analytical method used to  measure total 
uranium was the BromoPADAP method. Isotopic uranium was measured using the 
Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) method (total uranium obtained 
by summing individual uranium isotopes). As outlined in the Remedial Action Work Plan, the 
certification samples and the comparability study samples are being analyzed using 
alpha/gamma spectrometry. These results ‘are not yet available. 

In addition, as per the request from the Ohio Environmental Protection Agency (OEPA), the 
Fernald Environmental Management Project (FEMP) has provided to  the OEPA the complete 
RTRAK radiation measurements data file in the requested File Transfer Protocol (FTP) 
format. However, the FEMP must emphasize that this data is very preliminary and has not 
been reviewed. 

\ laboratory analytical results from the ongoing efforts in the Area 1, Phase I Remedial Action 
’? 

@ Recycled and Recyclable @ 

..  _ .  
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If you or your staff should have any questions, please contact Robert Janke at (513) 
648-31 24. 

Sincerely, 

FEMP:R. J. Janke 

Enclosure: As Stated 

cc wlenc: 

Johnny Reising 
Femald Remedial Action ’ 

Project Manager 

S. Fauver, EM-425lGTN 
R. L. Nace, EM-425lGTN 
G. Jablonowski, USEPA-V, 5HRE-8J 
R. Beaumier, TPSSlDERR, OEPA-Columbus 
T. Schneider, OEPA-Dayton (3 copies total of enc.) 
F. Bell, ATSDR 
D. S. Ward, GeoTrans 
R. Vandegrift, ODOH 
S. McLellan, PRC 
T. Hagen, FDFI65-2 
J. Harmon, FDFl99 

ZR-Coordinatorl78 

,cc w lo  enc: 

C. Little, FDFl2 
EDC, FDFl52-7 
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ENCLOSED DATA PACKAGE 

November 21, 1996 

- c 5 2  1 

Enclosed is an assimilation of selected data that has been obtained in the work that has 
been done thus far on the FEMP Area 1 Phase I soil remediation project. The purpose of 
this data package is to present some preliminary results that compare levels of radionuclides 
in the FEMP soil obtained by different methods including the RTRAK, HPGe detector 
systems, and discrete sampling and analytical testing. Most of the data presented was 
generated as a result of the initial stages of Part B of the Comparability Study Report 
scheduled to be submitted in March of 1997. This Preliminary data package is not to be 
viewed as representing this Comparability Study but is only an review of preliminary data 
points obtained by various methods. 

The laboratory results from physical soil samples contained in this data package were 
analyzed by BromoPADAP and ICP-MS. These techniques are described by the enclosed 
method descriptions. Both of these methods have proven to be practical and accurate 
analytical methods for determining total uranium in a soil matrix. The soil samples 
collected in the Comparability Study are also being analyzed for uranium and other 
radionuclides by the more conventional isotopic alpha and gamma spec. methods. At the 
time this package was prepared this data was not yet .available for these samples. 

The HPGe systems used in the tests were positioned at both 1 ft (25 cm) and 1 m for 
purpose of comparing read heights. Multiple readings were then taken to demonstrate 
repeatability. These preliminary results indicate that the output of HPGe field instrument 
is consistent with the average of physical samples obtained from the instrumentation read 
area. When submitted the Comparability Study will examine in more detail gamma 
discernable isotopes in FEMP soil other than uranium. Additional information enclosed 
includes comparability between physical samples, HPGe, and RTRAK obtained during the 
WAC attainment effort in the East Field. 

Keitr Nelson 
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PART B COMPARABILITY STUDY 

Sample Locations 



200264130 PBC 1-7 

200264198 PBC 2-2 

200264131 

200264132 

200264133 

200264134 

200264136 

200264137 

200264138 

200264139 

200264140 

200264141 

200264162 

I200264149 PBC 4-7  

200264152 PBC 4-10 

PBC 5-1 

PBC 5-2 

PBC 5-3 

PBC 5-4 

PBC 5-6 

PBC 5-7 

PBC 5-8 

PBC 5-9 

PBC 5-10 

PBC 5-11 

PBC 6-9 

200264165 PBC 7-1 

200264166 PBC 7-2 

200264167 PBC 7-3 

200264168 PBC 7-4 

200264169 PBC 7-5 

200264170 PBC 7-6 

200264171 PBC 7-7 

200264173 PBC 7-9 

200264175 PBC 7-11 

200264178 PBC 7-14 

200264179 PBC 7-15 

200264117 PBC 8-1 

200264118 PBC 8-2 

200264119 PBC 8-3 

200264121 PBC 8-5 

200264122 PBC 8-6 

200264123 PBC 8-7 

200264110 PBC 9-1 

200264111 PBC 9-2 

200264112 PBC 9-3 
200264113 PBC 9-4 

200264114 PBC 9-5 

200264115 PBC 9-6 

200264116 PBC 9-7 

- 
% HlO - 
23.6 
24.4. 
22.1 
24.2 
24.3 
22.2 
30.1 
25.9 
26.1 
25.0 
25.3 
24.6 
21.8 
24.0 
24.9 
23.9 
27.8 
25.5 
22.3 
21.4 
26.0 
26.0 
24.1 

28.4 
29.5 
28.4 
26.6 
27.5 
27.0 
27.2 
28.7 
27.7 
23.7 
28.9 
29.9 
35.1 
26.3 
28.2 
34.0 
32.6 
29.3 
27.3 
26.3 
26.3 
26.4 
24.8 
25.6 - 

COMPARABILITY STUDY 

BrPADAP ppm 
.r nmcomrtsd 

0.0 
16.3 12.5 
14.0 10.6 
11.6 9.0 
47.5 36.0 
42.4 32.1 
23.0 17.9 
38.6 27.0 
351.1 260.2 
339.8 251.1 
419.0 314.3 
60.2 45.0 
77.1 58.1 
47.4 37.1 
53.1 40.4 
54.0 40.6 
53.3 40.6 
91.3 65.9 
85.9 64.0 
43.8 34.0 
64.3 50.5 
59.3 43.9 
71.8 53.1 
929 70.5 

193.8 138.8 
235.4 166.0 
215.6 154.4 
195.1 143.2 
247.6 179.5 
284.3 207.5 
251.9 183.4 
218.2 155.6 
189.1 136.7 
210.3 160.5 
264.2 187.8 
7.6 5.3 
7.9 5.1 
7.4 5.5 
6.2 4.5 
10.2 6.7 
8.6 5.8 
10.0 7.1 
8.9 6.5 
8.0 5.9 
8.9 6.6 
8.7 6.4 
10.0 7.5 
10.2 7.6 

ICP-XfS pprn 
KHZocomrrod 

, 0.0 
0.0 

14.8 11.2 
12.7 9.9 
60.0 45.5 

0.0 
0.0 
0.0 

294.1 217.9 
274.2 202.6 
337.8 253.4 

0.0 
0.0 

43.2 33.8 
49.1 37.3 
50.4 37.9 
51.8 39.4 
94.8 68.4 
86.1 64.1 

0.0 
66.2 52.0 
59.7 44.2 
75.5 55.9 
105.4 80.0 

208.4 149.2 
245.4 173.0 
227.1 162.6 
157.7 115.8 

0.0 
0.0 
0.0 

231.7 165.2 
198.8 143.7 
234.3 178.8 

0.0 
0.0 
0.0 
0.0 

4.7 3.4 
0.0 
0.0 

8.6 6.1 
0.0 
0.0 

8.1 6.0 
0.0 

8.1 6.1 
0.0 

Aloha Spec pprn 
Y l 0 l ) ~ C d  

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0 
0;0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

' 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5 2  P 
HPGe Field Results 

31 meten 9.0 
1.0 meten 8.0 

3 1  meten 313 
1.0 meten .26.0 

3 1  meten 290.8 
1.0 meten 286.6 

3 1  meten. 56.6 
1.0 meten 58.6 

.. 
3 1  meten 42.2 
1.0 meten 41.9 

31 meten 76.8 
1.0 meten 15.9 

31 meten 1413 
1.0 meten 140.4 

5.9 3 1  meten 
1.0 meten 5.3 

6.6 31 mdcn 
1.0 meten 6.9 



Comparability Study: HPGe Data 

STATION 
PBCI -I 
PBCl-1 
PBCl-1 
PBC1-1 
PBC2-1 
PBC2-1 
PBC2-1 
PBC2-1 
PBC3-1 
PBC3-1 
PBC3-1 
PBC3-1 
PBC4-1 
PBC4-1 
PBC4-1 
PBC4-1 
PBC5-1 
PBC5-1 
PBC5-1 
PBC5-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC6-1 
PBC7-1 
PBC7-1 
PBC7-1 
PBC7-1 
PBC8-1 
PBC8-1 
PBC8-1 
PBC8-1 
PBC9-1 
PBC9-1 
PBCS-I 
PBC9-I 
PBC10-1 
PBC10-1 
PBClO-1 
PBCIO-I - 

EAST1 N G 
1349440.62 
1349440.62 
1349440.62 
1349440.62 
1 349396.32 
1349396.32 
1349396.32 
1 349396.32 
1350430.20 
1350430.20 
1350430.20 
1350430.20 
1351 652.76 
1351652.76 
1351652.76 
1351652.76 
1350968.78 
1350968.78 
1350968.78 
1350968.78 
1351 667.82 
1351667.82 
1351 667.82 
1351667.82 
1351667.82 
1351667.82 
1351667.82 
1351667.82 
1351667.82 
1351667.82 
1 351 667.82 
1351611.96 
1 351 61 1.96 
1351611.96 
1351611.96 
1351286.27 
1 35 I 286.27 
1351286.27 
1351 286.27 
1350550.20 
1350550.20 
1350550.20 
1350550.20 
1347673.91 
1347673.91 
1347673.91 
1347673.91 

NORTHING 
483799 87 
483799 87 
483799 87 
483799 87 
482683 72 
482683 72 
482683 72 
482683 72 
481 767 08 
481767 08 
481767 08 
481767 08 
480466 86 
480466 86 
480466 86 
480466 86 
480728 44 
480728 44 
480728 44 
480728 44 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480361 04 
480211 30 
480211 30 
48021 1 30 
48021 1 30 
476816 82 
476816 82 
476816 82 
476816 82 
476872.35 
476872.35 
476872.35 
476872 35 
478029.91 
478029 91 
478029.91 
478029 91 

Total U (pprn) 
8.5 
9.4 
0.1 
8.0 

29.9 
32.6 
24.0 
27.9 

283.4 
298.1 
281 .O 
292.2 

55.5 
57.6 
57.3 
59.9 
41.6 
42.8 
46.7 
49.1 
75.0 
75.5 
76.4 
77.7 
77.9 
78.0 
72.9 
74.4 
76.1 
76.4 
81.2 

140.3 
142.1 
138.9 
141.8 

5.7 
6.0 
5.1 
5.5 
5.8 
7.4 
6.5 
7.3 

. 80.6 
81.2 
73.7 
74.3 

Det. Ht. 
0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

0.31 
0.31 
0.31 
0.31 
0.31 
0.31 

1 
1 
1 
1 
1 

0.31 
0.31 

1 
1 

~~ 

0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

0.31 
0.31 

1 
1 

Det. Ht. = Detector Height (meters) 



PBC 5 - Total Uranium 

50.5 
0 

\ . 
\ 

40.6 
0 

. . 
1 

HPGe Measurements 

i 1 Foot f 
i 41.6 
i 42.8 , 

j 1 Meter ; ! 

1 46.7 ! : I  : i  

: !  : I  

j 49.1 i 
! :  

BrPADAP 
(avg = 47.9) 

40.4 --e ._ 

37.1 
0 

40.6 
0 

, . -- - / 

65.9 
'0; 

i 

i 
I 

I 
I 

i 

,' 
, 

/ 

, ..-- . 34.0 / 

1 

- - 0 - - -  
NOTES: 
Results are reported in wet weight (ppm). 
Outer circle is approximately 20 feet in diameter. 
Inner circle is approximately 6 feet 8 inches in diameter. 
There were two repeated HPGe measurements at each detector height. 
Average was calculated as a non-spatially weighted average. 
Duplicate readings (approximate same location) were averaged before 

overall average was calculated. 
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52 .O 
0 

PBC 5 - Totai Uranium 

ICP-MS 
(avg = 47.9) 

39.4 
0 

37.3 
.- --a _. 

33.8 
0 

37.9 
0 

..' 
/ , .. 

I -. 
/ . . 

68.4 
0; 

I 

I 

64.1 
0 

! 

HPGe Measurements . NOTES: : 
Meter ' I 

j 
i I 

Results are reported in wet weight (ppm). 

Inner circle is approximately 6 feet 8 inches in diameter. 
There were two repeated HPGe measurements at each detector height. 
Average was calculated as a non-spatially weighted average. 

. .  ' Outer circle is approximately 20 feet in diameter. Foot 
I .  

. .  i 46.7 41.6 

. .  
. .  

42.8 . i  i 49.1 , i Duplicate readings (approximate same location) were averaged before 
overall average was calculated. 
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0 1 8 3 . 4  

0 2 0 7 . 5  

0 1  87.8 

PBC 7' - Totai Uranium 

BrPADAP 
(avg = 158.6) 

- --- a t 5 4 . 4  

0 1 6 6 . 0  

0 1  38.8 0 1 4 3 . 2  

-* 79.5 

0 1  60.5 

0 1  55.6 

I 

0 1  36.7 
I 

i 
I 

I 

I 

HPGe Measurements : NOTES: 
i 
j 
: 

Results are reported in wet weight (ppm). 
Outer circle is approximately 20 feet in diameter. 

There were two repeated HPGe measurements at each detector height. 

' 1 Foot I 
j 140.3 i 138.9 : Inner circle is approximately 6 feet 8 inches in diame;ter. 

; 142.1 j j 141.8 i Average was calculated as a non-spatially weighted average. 

' I Meter 
. I  

! : Duplicate readings (approximate same location) were averaged before 
overall average was calculated. 



a -  

BBC 7 = Total Uranium 

a1 73.0 

ICP-MS 
(avg = 155.5) 

- a l 6 2 . 6  

a 1 4 9 . 2  0 1  15.8 

a1 65.2 

I 

,e1 43.7 
I 

I 

01 78.8 

/ 
/ - 1 

. - - _ _ -  

I HPGe Measurements j NOTES: 

i 11 Foot: 1 Meter: 
r 
i 
i 

' i  

Results are reported in wet weight (ppm). 
Outer circle is approximately 20 feet in diameter. 
Inner circle is approximately 6 feet 8 inches in diameter. 

I 

: 140.3 i 138.9 i There were two repeated HPGe measurements at each detector height. 
i I 142.1 [ 141 -8 j i Average was calculated as a non-spatially weighted average. 

. I  : I Duplicate readings (approximate same location) were averaged before 
overall average was calculated. 



PBC 9 - Botai Uranium 

6.4 

BrPADAP 
(avg = 6.7) 

I '  

1 

HPGe Measurements : 

7.1 

. - -  - 0' 6.5 

7.5 
I 

i 

NOTES: 
Results are reported in wet weight (ppm). 
Outer circle is approximately 20 feet in diameter. 
Inner circle is approximately 6 feet 8 inches in diameter. 
There were two repeated HPGe measurements at each detector height. 
Average was calculated as a non-spatially weighted average. 
Duplicate readings (approximate same location) were averaged before 

overall average was calculated. 
000Q$a. 
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.PBC 9 - Total Uranium 

ICP-MS 
(avg = 6.1) 

... 0-- - 

6.1 

-- --- - - 

HPGe Measurements 

1 Foot 1 Meter 
' 6.5 

a ,  
5.8 
7.4 7.3 i 

I 

6.1 

NOTES: 
Results are reported in wet weight (ppm). 
Outer circle is approximately 20 feet in diameter. 
Inner circle is approximately 6 feet 8 inches in diameter. 
There were two repeated HPGe measurements at each detector height., 
Average was calculated as a non-spatially weighted average. 
Duplicate readings (approximate same location) were averaged before 

overall average was calculated. 
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COMPARABILITY STUDY: RTRAK - PBC 5 

ROVING lRaw Counts - U-238 (cps) I Calculated U-238 fpcilq) I Estimated Total Uranium (ppm)' 
Aquisitions I 37 37 37 

Min 25 3 -10 68 -32.0 
Max I 58 3 50 83 152.5 

Range ! 33 0 61 51 184 5 
Average I 40 8 20 49 61 5 
Std. Dev. I 7 2  14 05 42.1 

On Mean: LowerC.1. 1 38.1 15 32 45.9 
(950/~) Upper C.I. I 43.5 

Upper (.95) S I  .2 

Upper (.75) 45.9 

Percetiles Lower (.05) 29.5 

Quartiles Lower (.25) 36.6 

25.67 77.0 
4 . 9 5  -1 4.9 
41.06 123.2 
11.47 34.4 
30.28 90.8 



COMPARABILITY STUDY: RTRAK - PBC 9 



52'1 

50 

40 

30 

20 

10 

PBC-5 (Static) 

- 
-50 

Calc. 
0 50 

Uranium Result (pCi/g) 
10 

0.3 

0.2 

0.1 

1.0 
3 

a 
U 
0 .  2 
0 
3 



50 

40 

30 

20 

10 

0 

PBC-5 (Static) 

0.0 

I I I 1 1 

0.3 

0.2 

0.1 

Calc. Uranium Activity 
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u 
m 
.- 
Y 

G 

Q, 
C 
> 
0 
.- 

a 

Proportion per Bar 
9 hl ? 

' 0  0 00 
I I ! *  

Proportion per Bar 
0 U Cr) cu r 0 . -  - 

0 0 0 0 0 00 
I I I I I . m  

i 
i 

I 1 I lo 
m 0 m 0- 



Proportion per Bar 

m 
I 

m 
I 

1L: 

K 
K 

0 0 0 
I I I 

i s  
I I I I I b.2 0 

0 
F 

0 0 0 0 
rc) d c3 cv 

Proportion per Bar 

0 0 0 00 
s 

r l  1 I I 

9 m cv F 

0 

0 
P 

0 m 
A 

I .  
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BrPADAP 49 I 26 2 36 2 
52 1 HPGe - - -  - _ _  I 

WAC Attainment Data: RT - 34 

u 1 I - - -  - - -  

% Moisture Total U (ppm) (wet) Station ID Method Total U (ppm) (dry) 

B r P A DA P 47 37.1 29.6 

HPGe - - -  

RT-28 
RT-26 

- - -  48.4 RT-28 
45 23.7 34.3 

Percetiles Lower (.25) 

% Moisture Total U (ppm) (wet) Station ID Method Total U (ppm) (dry) 

B r P A DA P 47 37.1 29.6 

HPGe - - -  

RT-28 
RT-26 

- - -  48.4 RT-28 
45 23.7 34.3 

WAC Attainment Data: RT - 26 / 28 

- - -  - - -  RT-26 53.2 53.2 RT-26 

RT - 26 I 2 8  (within 15 ft.) Raw Counts - U-238 (cps) Calculated U-238 (pCi/g) Estimated Total U (ppm)’ < 

30.7 -20.3 80.9 Min 
Max 
Range 

Average 47.4 20.0 60.1 

42.3 10.2 30.5 

(95 %) Upper C.I. 52.4 29.9 89.7 

64.6 54.3 162.9 
39.7 7.5 22.6 
50.5 35.9 107.7 

68.2 54.9 164.8 
37.5 75.2 225.7 

Std. Dev. 10.4 20.2 . 60.5 On Mean: Lower C.I. 

Percetiles Lower (.05) 
Upper (.95) 

Percetiles Lower (.25) 
Upper (.75) 

34.0 -1 0.0 -30.1 

L 



COMPARABILITY STUDY: PART B 

IN SITU GAMMA vs PHYSICAL SAMPLES FOR FEMP SOIL CERTIFICATION 

PURPOSE: 

The Purpose’ of the FDF comparability Study (Part B) is to demonstrate certification of 
FEMP soil areas can be accomplished using either the in situ Gamma Spectrometry system 
or physical samples analyzed in the laboratory. Data obtained from the In situ system is to 
be statistically analyzed for comparability to laboratory data obtained from discrete physical 
samples. 

R-TRAK 

The R-TRAK is a mobil sodium iodide g a m  

* .  

detection system with associated data 
acquisition and software systems. The system has a dedicated global positioning link and 
acquires gamma data in specified intervals as it moves slowly over the certification area. 
R-TRAK data is downloaded into a mapping system for evaluation, and positioning if the 
HPGe. The measuring gamma spectrometry system uses principles and equipment similar 
to the laboratory system as described above. The R-Trak allows for complete coverage of 
a certification unit and identifies areas of relatively increased activity for gamma discernable 
radionuclides. 

Field HPGe 

The Field HPGe detection system is similar to laboratory systems described above and 
consists of a HPGe detector mounted on a tripod 1 meter above the test point. The HPGe 
is capable of detecting the radioactive materials below the FEMP FRL in the read circle 
approximately 30 feet in diameter. The HPGe Detection system has associated data 
acquisition system and software which converts counts to isotope activity capable of being 
downloaded into the site data base. Isotopes of uranium, thorium, radium, cesium, 
potassium, and other gamma discernable materials can be detected. 

PHYSICAL SAMPLES: 

For Part B of the Comparability Study physical samples were collected in 4 inch deep by 2 
or 3 inch diameter cores, from areas within the area of coverage of the HPGe Detector 
readings. Samples submitted to the laboratory were dried, and ground to pass a 1 mm sieve 
and homogenized in a consistent manner prior to analysis. 
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The following analysis were preformed at the on site laboratories: 9% moisture, total 
uranium by BromoPADAP, uranium by ICP-MS, isotopic uranium, activities by gamma 
spectrophotometry, isotopic uranium, by alpha spectrophotometry for comparison to the in 
situ system. Isotopic thorium and Radium 226, & 228 will be analyzed on the physical 
samples, to determine if these isotopes have influenced the in situ measurements. 

Summary of each of the analytical methods used in the comparability study is given below. 

Total Uranium bv BromoPADAP 

The Uranium by BromoPADAP is a classical colorimetric procedure for the determination, . 
of uranium. In this procedure the sample is digested with acid to solubilize the uranium. 
Once solubilized the uranium is reacted with 2-(5-bromo-2-pyridylazo)-5-diethylaminophenol 
(BromoPADAP) to produce a colored complex. The color of the solution is proportional 
to the concentration of uranium present. A standard uranium solution is used for 
calibration of absorbance for this method. The analysis gives a total uranium result in that 
all uranium isotopes will be measured. Since Uranium 238 represents the most abundant 
uranium isotope the result most represents the mass of Uranium 238 in the sample. 
Uranium 235 which is 0.71% by mass in natural Uranium is the next most abundant 
uranium isotope. 

0 .  

Uranium. bv ICP-MS 

Uranium measured using Inductively Coupled Plasma - Mass Spectrometry (ICP-MS) is a 
relatively new application of a recently developed technology for the direct measurement 
of metals. This procedure is an adaptation of the SW-846 procedure 6020 Inductively 
Coupled Plasma - Mass Spectrometry. ICP-MS is a very sensitive and selective technique 
for the measurement of metals. Digested sample is aspirated into the plasma torch where 
ionization takes place. The ions are then guided through a vacuum chamber where they are 
separated by mass and detected. This technique will detect uranium isotopes which are 
present in sufficient concentration in the sample, and is calibrated using certified standards 
containing uranium. The technique is capable of detecting uranium 238, and 235 isotope 
masses. Total uranium is based derived by summing the individual uranium isotopic masses. 
In addition Thorium 232 and 230 can be analyzed via ICP-MS. 
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Isotopic Uranium measurements bv Gamma Spectrometry 

The technique of gamma spectrometry can be to accurately quantify the important uranium , 

isotopes. Since gamma rays are highly penetrating radiation, samples can be analyzed by 
this technique with no chemical preparation other than homogenizing the samples. Samples 
are placed in a standardized geometry on the gamma detector and energy spectrum of the 
gamma emissions from the sample is collected in a device called a multichannel pulse height 



3.2 1 
analyzer. From peaks in the accumulated spectrum, the energy of the various gamma 
emissions detected indicates which isotopes are present and the number of gamma rays 
counted at a particular energy (IE. The area under the peak) is used to calculate the 
amount of that particular isotope that is present in the sample. U-238, and U-235 can be 
quantified in this mariner, as can any other isotope that emits characteristic gamma rays. 
The accuracy of the method is reduced if a sample contains two or more radionuclides 
which emit characteristic gamma rays of within 2 or 3 Kev of one another. This is especially 
true if the activity of one of the interfering radionuclides is more than 5 times greater than 
that of the other nuclide. Also a high environmental background or presence of many 
radionuclides in a sample can elevate the minimal detectable activity for a given sample 
even though they are not analytes of concern. Gamma spectrometry is applicable for the 
analysis of isotopes of uranium, thorium, radium potassium 40, cesium 137 and other 
radionuclides. 

Isotopic Uranium. Alpha Spectrometry 

Like gamma rays, alpha emissions from radioactive nuclei are expelled with energies that 
are characteristic of the isotope emitting them. The technique of alpha spectrometry makes 
use of this property to identify and quantify the isotopes which are present. Since alpha 
particles are very weakly penetrating and can be absorbed by the sample material itself, a 
chemical sample preparation must be performed to separate the analyte of interest from the 
sample matrix. This involves a mineral acid digestion of the sample and separation of the 
element of interest from other elements using ion exchange resins. Extreme care must be 
exercised to prepare a uniform and very thin sample for counting in an alpha spectrometer. 
A known quantity of a radioactive isotope of the element being analyzed is added to the 
sample at the start of the chemical preparation process to provide a quantitative measure 
of the losses that occur during sample preparation. This radio tracer must be an isotope of 
the analyte element which is not present in the samples. 

The alpha spectrometry technique offers double assurance that only the isotope of interest 
are being counted. First of all, the chemical preparation process is designed to separate the 
element of interest from all others, and then the spectrometric technique assures that you 
are counting only the desired isotopes. If the chemical separation is not complete for some 
reason, or the chemical losses are greater than normal, the sample spectrum will reveal 
evidence of these conditions. The chemical processing required for his technique is labor 
intensive and time consuming. While alpha spectrometry is highly selective and extremely 
sensitive, sample turnaround times are longer than other laboratory analysis techniques. It 
generally takes 4 to 5 days to complete the analysis of a batch of 20 soil samples. Alpha 
Spectrometry is applicable for the analysis of isotopic Uranium, Isotopic Thorium, Radium 
226, 228, and others. 
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