
Technical Guidance Document 
Quanterra Northwest/ Central Region 

D. Thallium-208, Lead-212, Radium-224 and Thorium-228 

TI-208, Pb-212, Ra-224 and Th-228 may be reported using the energy lines from the 
isotope itself or from progeny and associated energy lines as shown in the table below.  

Isotope to be Isotope of Gamma Line used Energy of Gamma Lines (keV) 

Identified for Identification 
TI-208 T1-208 1 277.35 

TI-208 510.84 
Ac-228 583.14* 
TI-208 860.37 

Pb-212 ePb-212 238.63* 
Pb-212 300.09 

Ra-224 Pb-212 238.63* ".:-.  
Ra-224 240.98 

Ac-228 583.14 
"TI-208 860.37 

Th-228DA Pb-212 238.63 
_ Ra-224 240.98 

Ac-228 583.14* 
T_ 1-208 860.37 

keyline 

Note that there is very little flexibility for distinguishing between these four analytes. Care 
must be taken to assure that equilibrium is reached between the parent and its progeny.  
Quanterra Richland's preparation methods are designed to ensure near equilibrium exists 
and for calculation purposes the progeny are assumed to be in equilibrium with their 
parent. For calculation purposes the half-life of Th-232 is used for TI-208 and Pb-212 
when they are reported individually since their half-lives are 3.053 minutes and 10.64 
hours respectively. When reported separately the half-life of Th-228 is used when Ra
224 is reported separately.  
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Technical Guidance Document 
Quanterra Northwest/ Central Region 

Recommendations for Soil Samples: 
The following recommendations are made for the naturally occurring radionuclides 
Quanterra Richland will report for soil samples provided the customer has not given other 
guidance.  

K-40 
Ra-226DA 
Th-232DA 
U-2380HP 

Reporting progeny such as T1-208, Pb-212, Bi-214 and Pb-214 is not recommended.  
Three reasons can be given: (a) the gamma lines used to calculate the results are used 
to produce the concentration of one or more isotopes of the same chain, (b) the progeny 
are too far down the decay chain to assure that equilibrium exists, and (c) use of the 
gamma lines from these isotopes can result in false positive or false negative detection of 
the long-lived precursor. The activities of these radionuclides can be reported at the 
customer's request, however, the assumption must be made that equilibrfum-..exists 
because time has been provided for ingrowth, and therefore the progeny concentraiibn is 
given by the result for the parent. The half-life of the appropriate long-lived parent is 
used for decay .correction when the activities of these radionuclides are reported 
individually.  

Recommendations for Water Samples: 
The following recommendations are made for the naturally occurring radionuclides 
Quanterra Richland will report for water samples provided the customer has not given 
other guidance.  

K-40 
Th-232DA 
U-2380HP 

The parameters for reporting are the same as for soil with one exception: Reporting Ra

226 from its progeny is not reliable, since ingrowth and subsequent equilibrium cannot be 
established. Therefore the 186 keV line of Ra-226 must be utilized. However, U-235 has 
a primary gamma line at 186.57 keV with a 54% abundance, and if present it would 
interfere with the 186 keV line of Ra-226 (which is at 3.2% abundance). This interference 
generally creates a high false positive for Ra-226 results.  

References: 

Browne, E.. R.B. Firestone and V.S. Shirley (Editors) 
Table of Radioactive Isotopes 
John Wiley and Sons, Inc., New York (1986) 

Chieco, N.A, (Editor) 
EML Procedures Manual, HASL 300, The Procedures Manual of the Environmental 
Measurements Laboratory.  
Environmental Measurements Laboratory, Department of Energy, USA, 2 8 1h Edition, 
(1992) 
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Sample Results Summary 
Quiw~terra, Richlalnd

Date: 9/15/99

REPORT No.: 8665 SDG NBR: 12937

CLIENT ID NUMBER 

BLANK 00 D21N7101 

BLANK 00 

LCS D21 N7102 

LCS D21 N7103 

RVW-41-SB-21-0.5 DITNPiO2 

RW-41-SB-21-0.5 

RW-41 .SB-22-.x5 DITNQO12 

RW-41-SB-22-05 

RW-41 -SB-23-0.5 DITNRiO2 

RW.41 -SB-23-0.5 

RW-4t-SB-24-0.5 DITNT1O2 

RW-41 -S 8-24-0.5 

RW-41-SB-25-05 DiTP7l10 

RW-41 -SB-25-0.5 

RW-41-SB-2".05a DiTP9i0I 

RW-41 -SB-25-O.Sa 

RW-41 -SB.26-0.5 DiTPAIOI 

RW-41 -58-265-0.5 

RW-41 -SB-26v-0.5a DITPKIOI 

RW-4 1-SB-26-0.5a 

RW-41-SB-27-.ob DITPOIOi 

RW-41 -SB-27-0.5 

RW-41 -SB-28-0.5 DITPDIOI 

RW-4i¶-S 6-2"-.5

PARAMETER 

U-235HP 

U-238 

CS-137 

CS-137 

U-235H-P 

U-238 

U-235H-P 

U-238 

U-235HP 

U-238 

U-235VIP 

U-238 

U-235H-P 

U-238 

U-235H-P 

U-238 

U-235H-P 

U-238 

U-235HP 

U-238

U-235HP 

U-238 

U-235HP 

U-238

Coffne nI :

YIELD

f

RESULT 

-3.10E-02 4- 4.43E-02 

1.20E-Oi 4- 2. 1OE-02 

3.38E-01 4- 4.93E-02 

3.79E-01 4 6.20E-02 

3.90E-02 4-5.21E-02 

i.98E-01 4-3.72E-02 

8.75E-02 +- 5.63E.02 

2.33E-01 4 4.26E-02 

6.74E-02 5- 585E-02 

4.26E-01 4 4.89E-02 

8.33E-02 4-9.46E-02 

i.09E400 4-9.77E-02 

1.36E-01 4 8.I1SE-02 

7.36E-01 4-7.01E-02 

-I.BiE-Ol 1-,I08E.01 

7.26E-Oi 4 7.39E-02 

3.83E-02 4-7.22E-02 

5.37E1-01 6.18E-02 

1.23E-oi 4 6.36E-02 

3.88E-01 +-4.63E-02 

4.67E-02 4-6.44E-02 

3.37E-01 4 4.50E-02 

-2.OOE-02 4-5.31IE-02 

1.7311-01 4.51E-02

(I S) 

(is) 

(I s) 

(is) 

(is) 

(I S) 

(is) 

(is) 

(is) 

(is) 

(Is) 

(I s)

UNITS 

pCI~g 

PCvg 

pCI/g 

pCVg 

pCIvg 

pC11g 

PCIvg 

p)CVg 

pCIfg 

pC11g 

pCI/g 

PCIvg 

pCI/g 

pC11g 

PC1/g 

PCI/g 

pCI'g 

pCIvg 

PCIfg

MDA 

t.50E-Oi 

8.85E-02 

9.92EM0 

8.85E-02 

I .88E-0I 

i.15E-Oi 

2.12E-01 

6.82E-02 

2.10E-01 

6. 1OE-02 

3.29E-01 

9.48E-02 

2.83E-01 

7.94E-02 

3.5011-01 

I .03E-01 

2.56E-01 

8.23E-02 

2.32E-Oi 

6.91 E-02 

2.24E-01 

7.65E-02 

1.86E-01 

7.50E-02





Sample Results Summary 
Quatiterra, Richland

Date: 9/15/99

REPORT No.: 8665
SDG NBR: 12937

WORK ORDER 
CLIENT ID NUMBER 

RW-41-SB-280.05a DIIPGIOI 

RWAI1-SB-28-0.5a 

RW-41-SB.2g-0.5 OiTPPIOJ 

RW-41 -Sa-29-O 5 

RW-41 .SB.3o0.os DITP2101 

RW-41 -SB-30-.5 

RW-4i-SB-31 -0.5 DITP4101 

RW-41 -SB-31 -0.5 

RW-41-SB-31 -0.5 DU DITP4102 

RW-41-SB-31-05 DU 

RW-41-SB-31-.5a DITP5i0I 

RW-41-SB-31 -0.5a 

RW-41-SB-33-0.5 DITNXi0I 

RW-4 1-SB-33-0.5 

RW-41-SB-45-0.5 DITPiI~l 

RWAI1-SB-45-O.5 

Number of Results: f ~

PARAMETER 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238 

U-235HP 

U-238

RESULT 

i.19E-0I * 6.29E-02 

4.23E-01 ' 3.79E-02 

-8.03E-03 *-6.99E-02 

3.44E-0i *-5.37E-02 

4.31 E-02 *-8.07E-02 

3.48E-0i +-3.86E-02 

4.98E-02 6- 646E-02 

4.95E-01 ~ 5.43E-02 

3-28E-02 *-7.86E-02 

6,64E-Oi *-6.70E-02 

1.50E-01 4 6.70E-02 

5.82E-01 * 5.47E-02 

-7.67E-02 *-8.63E-02 

5.87E-Oi ~-5.65E-02 
7.42E-02 *-7.40E-02 

2.74E-0i *-5.02E-02

1

Commntiris:

YIELD
(is) 

(is) 

(I S) 

(Is) 

(I s) 

(is) 

(is) 

(I s) 

(I S) 

(i s) 

(is)

UNITS 

pCVg 

pCI1g 

pCI/g 

pCIvg 

PCi/g 

pCI/g 

PCI1g 

pCI/g 

pCI/g 

pCi/g 

PCI/g 

PCi/g 

pCI/g 

pCI/g 

PCiVg 

pCi~g

MDA 

2.29E-Oi 

6.9411-02 

2.43E-01 

8.3113-02 

2.82E-Oi 

7.66E-02 

2.28E-01 

6.72E-02 

2.71 E -01 

8. 1 E-02 

2.48E-01 

6.91 E-02 

2.87E-01 

9.42E-02 

2.58E-0i 

I1.24E-01





LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-1 9DITNP10 

RW-41-SB-21-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/18/99 11:45:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS AIIQUOT ALQ DETECrOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 a) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER

Batch: 9244327 

U-235HP 

U-238 

Number of Results:

Work Order: 

3.90E-02 

1.98E-01

D1TNP102 
1.OE-01 1.0E-01 1.88E 

7.4E-02 7.4E-02 1.15E

-01 pCVg 

.-01 pCi/g

0.21 0.75 

(1.7) (5.3)

9/7/99 03:49 p 325.5 

917/99 03:49 p 325.5

g 

g

GER8$1 RICHRC5017 

GER8$1 RICHRC5017

Comments:

i



LAB NAME: QUANTERRA, Richiand 

LOT,RPT DB ID: J9H270247-2 9D1TNQ10 

CLIENT ID: RW-41-SB-22-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/18/99 12:25:00 PM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RSTIMDA RSTICNTERR DATE SIZE UNIT ID NUMBER 

ýh6k. 01)AA"117 W-rk Orde•r D1lTNQ102 I

U-235HP 

U-238 

Number of Results:

8.75E-02 

2.33E-01 

riI1

1.2E-01 1.2E-O1 2.12E

8.5E-02 8.5E-02 6.82E-

01 pCi/g 

-02 pCI/g

0.41 (1.5) 

(3.4) (5.5)

9/7/99 05:43 p 332.5 
9WNW9 05:43 p 332.5

g 
g

GER8$1 RICHRC5017 
GER8$1 RICHRC5017

.,.

Comments



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-3 9D1TNR10 

RW-41 -SB-23-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/18/99 2:00:00 PM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RSTIMDA RSTICNTERR DATE SIZE UNIT ID NUMBER

Batch: 9244327 Work Order: 

U-235HP 6.74E-02 

U-238 4.26E-01 

Number of Results:

DlTNR102 
1.2E-01 1.2E-01 2.1OE

9.8E-02 9.8E-02 6.1OE-

-01 pCi/g 

-02 pCI/g

0.32 

(7.)

(1.2) 

(8.7)

9f7199 07:29 p 

9/7/99 07:29 p

357.4 g 

357.4 g

GER8$1 RICHRC5017 

GER8$1 RICHRC5017

v

Comments:



FORM I 

SAMPLE RESULTS

Date: 9/15/99

LAB NAME: QUANTERRA, Richland SDG: 12937 COLLECTION DATE: 8/18/99 2:45:00 PM

LOT,RPT DB ID: J9H270247-4 9D1TNT10 REPORT NBR: 8665 RECEIVED DATE: 8/27/99 10:00:00 AM

RW-41-SB-24-0.5 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RSTIMDA RST/CNTERR DATE SIZE UNIT ID NUMBER

Batch: 9244327 

U-235HP 

U-238

Work Order: 

8.33E-02 

1.09E+00

D1TNT102 

1.9E-01 1.9E-01 3.29E 

2.OE-01 2.OE-01 9.48E

-01 pCvg 

-02 pCVg

0.25 0.88 

(11.5) (11.2)

9/7199 09:17 p 

9/7/99 09:17 p

353.5 g 

353.5 g

GER8$1 RICHRC5017 

GER8S$1 RICHRC5017

Number of Results: P-]

Comments:

CLIENT ID: MATRIX: SOIL



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-6 9DITNXI0 

RW-41-SB-33-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/20/99 1:30:00 PM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 a) ERROR (2 9) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: D1TNX1I0 i

U-235HP -7.67E-02 

U-238 5.87E-01 

Number of Results: F-1

1.7E-01 1.7E-01 2.87E 

1.1E-01 1.1 E-01 9.42E

.-01 pClig 

"-02 pCi/g

-0.27 -0.89 

(6.2) (10.4)

9R7/99 10:33 p 327.6 g 

9/7/99 10:33 p 327.6 g

)

Comments:

GERI$1 

GERI$1

RICHRC5017 

RICHRC5017



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-7 9D1TP110 

RW-41-SB-45-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 

RECEIVED DATE: 

MATRIX:

8/19/99 1:30:00 PM 
8/27/99 10:00:00 AM 

SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

. ... .. . _
Batch: 9244327 work uraer: 

U-235HP 7.42E-02 

U-238 2.74E-01 

Number of Results:

U1 IrilUl 

1.SE-01 1.5E-01 2.58E 

1.OE-01 1.OE-01 1.24E

-01 pCi/g 
-01 pCi/g

0.29 
(2.2)

(1 .) 
(5.5)

9/8/99 08:17 a 352.3 g 
918/99 08:17 a 352.3 g

GERi$1 RICHRC5017 
GERI$1 RICHRC5017

Comments.



Date: 9/15/99

LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-8 9D1TP210 

RW-41-SB-30-0.5

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

COLLECTION DATE: 8/20/99 10:00:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: DlTP2101 i

U-235HP 4.31 E-02 

U-238 3.48E-01 

Number of Results: f-I

1.6E-01 1.6E-01 2.82E 

7.7E-02 7.7E-02 7.66E

"-01 pCi/g 

"-02 pCi/g

0.15 

(4.5)

0.53 

(9.)

918/99 08:15 a 

9/8/99 08:15 a

344.0 g 

344.0 g

GER3$1 RICHRC5017 

GER3$1 RICHRC5017

Comm ents:

FORM I



FORM I 

SAMPLE RESULTS

Date: 9/15/99

LAB NAME: QUANTERRA, Richland SDG: 12937 COLLECTION DATE: 8/20/99 10:30:00 AM

LOT,RPT DB ID: J9H270247-9 9DITP410 REPORT NBR: 8665 RECEIVED DATE: 8/27/99 10:00:00 AM

RW-41-SB-31-0.5 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 a) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

n-a•t A, )AA4)'7 ,.IA M- nITIPAi.t i

U-235HP 

U-238 

Number of Results:

4.98E-02 

4.95E-01 

1L1

1.3E-01 1.3E-01 2.28E 

1.1E-01 1.1E-01 6.72E

-01 pCi/g 

-02 pCi/g

0.22 

(7.4)

0.77 

(9.1)
9/8/99 08:20 a 
9/8/99 08:20 a

330.4 g 

330.4 g
GER4$1 RICHRC5017 
GER4$1 RICHRC5017

* .�-

Comment'.

CLIENT ID: MATRIX: SOIL



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

'QUANTERRA, Richland 

J9H270247-10 9DITP510 

RW-41-SB-31-0.5a

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/20/99 10:30:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECIOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RSTIMDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: Q944327 Work Order: DITP5101 J

U-235HP 

U-238 

Number of Results:

1.50E-01 

5.82E-01 

P-

1.3E-01 1.3E-01 2.48E 

1.1 E-01 1.1E-01 6.91E

-01 pCVg 

-02 pCi/g

0.6 (2.2) 

(8.4) (10.6)

9/8/99 08:22 a 334.4 g 

9/8/99 08:22 a 334.4 g

GER7$1 RICHRC5017 
GER7$1 RICHRCS017

Comments:



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-11 9D1TP710 

RW-41 -SB-25-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/19/99 9:00:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 a) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: DlTP7101 i

U-235HP 

U-238 

Number of Results:

1.36E-01 

7.36E-01 

V-1

1.6E-01 1.6E-01 2.83E

1.4E-01 1.4E-O1 7.94E

-01 pCi/g 

-02 pCi/g

0.48 (1.7) 

(9.3) (10.5)

9/8/99 08:19 a 

9/8/99 08:19 a

340.1 g 

340.1 g

GER8S$1 RICHRC5017 

GER8$1 RICHRCS017

Comments



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-12 9D1TP910 

RW-41-SB-25-0.5a

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/19/99 9:00:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR(2 s) ERROR(2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: DITP9101 i

U-235HP -1.81 E-01 

U-238 7.26E-01 

Number of Results:

2.2E-O1 2.2E-01 3.50E 

1.5E-01 1.5E-01 1.03E

-01 pCI/g 

-01 pCi/g

-0.52 -(1.7) 

(7.1) (9.8)

9/8/99 10:06 a 339.2 g 

9/8/99 10:06 a 339.2 g

Comments:

GERI$1 

GERI$1

RICHRC5017 

RICHRC5017



LAB NAME: QUANTERRA, Richland 

LOT,RPT DB ID: J9H270247-13 9D1TPA10 

CLIENT ID: RW-41-SB-26-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/19/99 9:25:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 a) MDA UNIT YIELD RSTIMDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: DITPA101 i

U-235HP 3.83E-02 

U-238 5.37E-01 

Number of Results:

1.4E-01 1.4E-01 2.56E 

1.2E-01 1.2E-01 8.23E

-01 pCi/g 

-02 pClig

0.15 0.53 

(6.5) (8.7)

9f7/99 10:34 p 336.2 g 

917/99 10:34 p 336.2 g

GER4$1 RICHRC5017 

GER4$1 RICHRC5017

1'

Comments:,



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-14 9DITPC10 

RW-41 -SB-27-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/19/99 11:15:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECFOR METIIOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 a) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Ratclh: 9244327 Work Order: DtTPCI0I

U-235HP 

U-238 

Number of Results:

4.67E-02 

3.37E-01 

F-1

1.3E-01 1.3E-01 2.24E 

9.OE-02 9.OE-02 7.65E

-01 pCi/g 

-02 pCi/g

0.21 0.73 

(4.4) (7.5)

9f 7/99 10:35 p 352.8 g 
9f7/99 10:35 p 352.8 g

GER5$1 RICHRC5017 

GER5$1 RICHRC5017

Comments:



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-15 9D1TPD10 

RW-41-SB-28-0.5

FORM I 

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/19/99 11:45:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RSTICNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: D1TPD101 I

U-235HP -2.OOE-02 

U-238 1.73E-01 

Number of Results: v]

1.1 E-01 1.1E-01 1.86E

9.OE-02 9.OE-02 7.50E.

-.01 pCl/g 

-02 pCi/g

-0.11 

(2.3)

-0.38 

(3.8)

9/7/99 10:37 p 326.4 g 

9/7/99 10:37 p 326.4 g

GER7$1 RICHRCS017 
GER7$1 RICHRC5017

Comments

,3•:f"



Date: 9/15/99

LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-16 9D1TPG10 

RW-41-SB-28-0.5a

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665

ORDER NBR:

COLLECTION DATE: 8/19/99 11:45:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM

MATRIX: SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR(2 s) ERROR (2 s) MDA UNIT YIELD RSTIMDA RSTICNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: D1TPG101 I

U-235HP 1.19E-01 

U-238 4.23E-01 

Number of Results: 1

1.3E-01 1.3E-01 2.29E 

7.6E-02 7.6E-02 6.94E

-01 pCi/g 

-02 pCVg

0.52 (1.9) 

(6.1) (11.2)
9/7/99 11:04 p 

9/7/99 11:04 p

344.2 g 

344.2 g

GER8$1 RICHRC5017 

GERS$1 RICHRC5017

Comments:

FORM I



Date: 9/15/99

LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H270247-17 9D1TPK10 

RW-41-SB-26-0.5a

SAMPLE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

COLLECTION DATE: 

RECEIVED DATE: 

-MATRIX:

8/19/99 9:25:00 AM 

8/27/99 10:00:00 AM 

SOIL

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR(Z 9) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: D1TPK101 O

U-235HP 

U-238 

Number of Results:

1.23E-01 

3.88E-01 

ffll

1.3E-01 1.3E-01 2.32E 

9.3E-02 9.3E-02 6.91 E

-01 pCi/g 

-02 pCI/g

0.53 (1.9) 

(5.6) (8.4)

9/7 /9 9 11:04 p 361.3 g 
9 I7 /9 9 11:04 p 361.3 g

GER6$1 RICHRC5017 

GER6$1 RICHRC5017

p '

Comment

FORM I



FORM I 

SAMPLE RESULTS

Date: 9/15/99

LAB NAME: QUANTERRA, Richland SDG: 12937 COLLECTION DATE: 8/19/99 2:00:00 PM

LOT,RPT DB ID: J9H270247-18 9D1TPP10 REPORT NBR: 8665 RECEIVED DATE: 8/27/99 10:00:00 AM

RW-41 -SB-29-0.5 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 a) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: D1TPP101 O

U-235HP -8.03E-03 1.4E-01 

U-238 3.44E-01 1.1E-01 

Number of Results: v-]

1.4E-01 2.43E-01 pCi/g 

1.1E-01 8.13E-02 pCiig

-0.03 

(4.2)

-0.11 

(6.4)

9/7/99 11:05 p 

9/7/99 11:05 p

356.9 g 

356.9 g

GER3$1 RICHRC5017 

GER3$1 RICHRC5017

Comments:

CLIENT ID: MATRIX: SOIL



LAB NAME: QUANTERRA, Richland 

RPT DB ID/ORIG ID D1TP412R I 9DITP410

CLIENT ID: RW-41-SB-31-0.5 DUP

FORM II 

DUPLICATE RESULTS 

SDG: 12937 

REPORT NBR: 8665 

ORDER NBR:

Date: 9/15/99

COLLECTION DATE: 8/20/99 10:30:00 AM 

RECEIVED DATE: 8/27/99 10:00:00 AM 

MATRIX: SOIL .

COUNTING TOTAL REPORT ORIG ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 a) ERROR( 2 s) MDA UNIT YIELD RESULT RPD DATE SIZE UNIT ID NUMBER 

Batch: 9244327 Work Order: DITP4102 I

U-235HP 

U-238 

Number of Results:

3.28E-02 

6.64E-01 

Lii

1.6E-01 1.6E-01 2.71 E 

1.3E-01 1.3E-01 8.18E

Comments:

-01 pCi/g 

-02 pCl/g

4.98E-02 

4.95E-01

41.10% 

29.32%

9/8/99 08:21 a 

9/8/99 08:21 a

334.4 

334.4

g 

g

GER5$M 

GER5$1

RICHRC5017 

RICHRC5017



Date: 9/15/99FORM II 

BLANK RESULTS

LAB NAME: QUANTERRA, Richland 

LOT,RPT DB ID: J91010000-327 D21N711X

SDG: 12937 

REPORT NBR: 8665

ORDER NBR: 

MATRIX:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR MIETHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2s) MDA UNIT YIELD RSTIMDA RST/CNTERR DATE SIZE UNIT ID NUMBER

Batch: 9244327 

U-235HP 

U-238 

Number of Results:

Nork Order: 

-3.10E-02 

1.20E-01 

F2-iI

D21 N7101 

8.9E-02 8.9E-02 1.50E 

4.2E-02 4.2E-02 8.85E

-01 pCilg 

-02 pCi/g

-0.21 

(1.4)

-0.7 

(5.7)

9/8/99 10:08 a 

9/8/99 10:08 a

348.0 g 

348.0 g

GER4$1 RICHRC5017 

GER4$1 RICHRCS017

Comments:

SOIL



Date: 9/15/99FORM II 

LABORATORY CONTROL SAMPLE

LAB NAME: QUANTERRA, Richland 

LOT,RPT DB ID: J91010000-327 D21N712M

SDG: 12937 

REPORT NBR: 8665

ORDER NBR: 

MATRIX:

COUNTING TOTAL REPORT Expected ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 a) ERROR (2 s) MDA UNIT YIELD Expected Uncert Recovery DATE SIZE UNIT ID NUMBER

Batch: 9244327 Work Order: D21N7102 

CS-137 3.38E-01 9.9E-02 9.9E-02 9.92E 

Number of Results:

-02 pCi/g 3.11 E-01 1.4E-02 108.71% 918/99 10:09 a 200.01 GRA GER5$1

Comm

SOIL

RICHRC5017



Date: 9/15/99FORM II 

LABORATORY CONTROL SAMPLE

LAB NAME: QUANTERRA, Richland 

LOT,RPT DB ID: J91010000-327 D21N713M

SDG: 12937 

REPORT NBR: 8665

ORDER NBR: 

MATRIX:

COUNTING TOTAL REPORT Expected ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD Expected Uncert Recovery - DATE SIZE UNIT 1D NUMBER

Batcn: Uz2'34z woruOrucr; der,: I 2 u0 

CS-137 3.79E-01 1.2E-01 1.2E-01 8.85E 

Number of Results:

-02 pCI/g 3.11E-01 1.4E-02 122.00% 9/8/99 11:56 a 200.01 GRA GER7$1

Comments:

SOIL

RICHRC5017
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RI'- Custody Chain and Analytical Request Page 4 of._ 
?•_•L [,,71Proiect OLM No. Y' -7 

Rust Environment & Infrastructure LM P No.3 

Base: ;.-, ,c Base ID: 6 SAMPLE ANALYSIS (SPECIFY PARAMETER LIST AND METIIOD) FIELD LOT 
/-C)Lr. p , "/l-,-o. z.L(,L-/.j/ -- F/- Z ( CONTROL NO 

Site Name: F 

7 7 
Collected By: C).. 0 0J tOMMT Af C.6t 7'i , IL CL VA-~ 

Sample ID -- Time (add preservative _ 
Tim-C inlotmatiorn) L. 9 

--- .,s , - IICI SampleCode Date (24-Hour) • • 0 % 1 .  

5_: . . :-. .. .  

1: -: : -.4-- 1 -5: 4 -2 / 

: ij- :' F *: ! " -iv 114 

. . . A -.L.. . .0 

Si : -.3 

Laboratory:- - - - - -

Enter gpflgg Sample ID Into LIMS, Including dashes but omitting blank spaces. Truncate from the right If necessary. I1 only one depth Is provided, assume depth Is ending depth o1 two foot sample.  

Custody Transfers Prior to Receipt By Laboratory Sample Delivery Details/Laboratory Receipt 
Relinquished byt(Signed) Racelved by/(Slgned) Data TlIne (Oi9anli tiln) (0iganization) Delivered Directly to Lab Ei Shipped 

C'/ -7 • • L Method of Shipment: 7 -/ lX Airbill 11: 1 .3 2 1 0 5 Y 9o/ 
2. ___ ___ ___ -__ -__ __ _ - _ _ _-- -___ _ _ _ Analytical La-b: /1.. Locaion (4L /I.  
3. _ Lab Recipient. Da., : ::. T e.6 

Additional Remaiks: 6/ 
(CioeLrtyon Uy o LUT Pinit Ptoec il al i t5o V 

Custod 0ran197 Whior -oRcitB Laborattory; SampST ik rjetF les Dlvr Deall abortor Rpeeipt il ali 

Ieiqusm -y(lnd ecived f by-2gnd Dae i 

1.~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~~~~~~~~cds X1 "lfa"--"/l'7('alilln O9adain)Dlvrd iety oLb[ Sipd

Cv .?1) (19,V? r )I H'/- I U AW I



Custody Chain and Analytical Request
Rust Environment & Infrastructure

Custody No.( ' -__L.9 

Page Z- ol 

Project 1o. 2-92//2 

LIMS No.

lase* Base ID- . S.IPLE ANALYSIS (SPECIFY PARAMETER LIST AND ME, OD) FIELD L'OT 
C___ __ __ __ __ __ __ __ __ __ __ __ __ __ __ __ CONTROL NO.  

Me Nam -. -• -. -.  

. , x oo 
:ollected BCOMMENTS .

-Si 0 (add preservative Sample ID " inlounation) . E z 
Date (4Hu) 4C , .  S,, IRPIMS LOCID - DepUt m Ci V " " ur" '• '-." 

~. . . . . . .. .. .'.  

* .: :. .. . . . . _ _ 4 'o ~ - _ _ '"_ _ _ _ _ _ F .7 .' 

:~~~ : 

u. ....63 - : 5 •( D _ _ !_: 

• : -.. / P o _ q . 3.  

., , . . l i • : : • r I 

1 . .. . . . 7•: : : 

_ _ . : _ • : • • • . . •: : : : : ; tP 
i~~~~~~~~~V4 i i+ i :: 

• : : : i ! i i i " : ,' i . ; :

.aboratory: 
" Cnter aIIU.t Sample ID Into LIMS, Including dashes but omitting blank spaces. Truncate from the right It necessary. If only one depth Is provided, assume depth Is ending depth of two lool sample.  

Custody Transfers Prior to Receipt By Laboratory Sample Delivery Details/Laboratory Receipt 
RLoinquisihed by/(SIgrled) flecolved iy/(Si'ned) Dale Tino D 

to i9 w Delivered DIrectlyulo Lab Shipped 

,. ___, _____________ __________ •5/Z /(JO ~ Method of SIipmen!.;: fL, C Airbili:7 4 0Z f'3S q¢!/ 

2. Analytical Lab: 4, Loaion: t(/A,4Loc atio.  

3. ____ ___ Lab) Recipient: IL ~c Dale: ~ Tm:~ 6 
(Signature) 

Additional Rlemaiks: 
(Condition Upon Lait lcelpt. Etc.) L Stt P.r -

, Valid saplilu EInlhOl aldi iiid lix 
a¢ildl. illl ( (ifi I I Vill soWhile - Laboratory; Yellow - f*IUST; Pink - Projocl lFilesI'ay. 01l97



Custody No. 2- 13--ýl RU Custody Chain and Analytical Request Page .3 of-.? 
Rust Environment & Infrastructure 

ProjecL INo. , 2 3't ______ ______ ______ ______ ______ ______ _____LIM S No. _ _ _ _ _ _ _ 

ase: Base ID: SAMPLE ANALYSIS (SPECIFY PARAMETER LIST AND METIIOD) FIELD LOT ase '. A~i F'1 LIN 
CONTROL. No.  

lie Name: I.  

ollected By: .
COMMENTS".  

. .. (add prese rvalivya 
Date information) .c • * 

IRPIMS LOCID -MDp~h Sampl Codaor) 2 

• ~~.................... '... ..... ,...:. 0 % 

61) : "' 1. 4 ..... ,0 0 0 o A 
ftW/5T :•,?, A o - - - oo t OOQ 

K 0" ! • " • '! ! 7i iiXDj• • ) _O: 
~ W-* :2 :6 f l o 7 .I•/<. . , , L L (7 .. . .. o.o o 

0 ..57d:,- i 0`1 15- So,. q.j _4 i * : • * 0 A 

:w 1: I S B iZ 9- -, 5K I£ . 1 7 1 ) 0 C* 0 

.aboratory: .:nter •11jjg Sample ID into LIMS, Including dashes but omitting blank spaces. Truncate from the rIght If necessary. If only one depth Is provided, assume depth Is ending depth of two fool sample.  

Custody Transfers Prior to Receipt By Laboratory Sample Delivery Details/Laboratory Receipt 
R elin q~iislm ed b y l tS ig rn e d ) Rle c e lv e d b y /(S i gn e d )D a eT e 

,7) (O~ iJa [yaliqP) / (0=ganizalion) aeTie Delivered Directly to" Lab Eli Shipped [• 

_ _ _ _ _ _ _ _ _ _ _ __~M elhod el S h ipm enl: 1 •'. g, A irbill II: " 0 2 9 2)y " , / 

A d d i t io n a l R e. m , k s : ( S i c j, at u r e ) D a t e : . 1 0 ) p ) , J 
(Condition Upon Lab Receipt, Etc.) (O L • - ,L:-'2."• ed L / 7~.- (.  

tlev. 01197 W htile - Laboratory; Ye,. . -RUST; Pink - Project Piles ' Va~lid Sa,. ,.,ti f~liu o d andc mlkhdix 

c010S ato onl Inwdrn



5H
Analytical Data Package Prepared For 

Rust Environment

..L%0. thJ(..) ,,7•,•y, 
Radiochemical Analysis By ll\1I)V:< NC). ._/• /2 d 

Quanterra Analytical Services NAmc: 

Richland Laboratory \ - _ 

Report Nbr: 8761

ORDER Nbr CLIENT ID NUMBER 

RW-41-SB-46-0.5 

RW-41-SB-51-2.0 

RW-41-SB-46-2.0 

RW-41-SB-46-1.0 

RW-41-SB-51-0.5a 

RW-41-SB-46-3.0 

RW-41-SB-46-0.5e

LOT Nbr 

J9H310161-1 

J9H310161-2 

J9H310161-3 

J9H310161-4 
J9H310161-5 

J9H310161-6 

J9H310161-7

WORK ORDER 

D1XM6102 

DIXM8102 

D1XMC102 

D1XME102 

DlXMG102 

D1XMH102 
DIXML1O

RPT DB ID 

9D1XM610 

9D1XM810 

9D1XMC10 

9D1XME10 

9D1XMG10 

- 9D1XMH10 

9D1XML10

SDG Nbr 

12958

BATCH 

9252340 

9252340 

9252340 

9252340 

9252340 

9252340 

9252340

Comments:



)Puanterra 

CERTIFICATE OF ANALYSIS 

Rust International Corporation 
Environmental & Infrastructure 
15 Brendan Way 
Greenville SC 29615 

September 20, 1999 

Attention Jim Refermat (RUST) and Alec McBeth (EarthTeck) 

SDG Number • 12958 
Date Samples Received • August 31, 1999 

Number of Samples • Seven (7) 
Sample Type • Soil 
P.O. Number - 29234/55556 
COC No. • 12136 

I. Introduction 
On August 31, 1999, seven soil samples were received for radiochemical analysis at the 

Quanterra Richland Laboratory (QRL). Upon receipt the samples were assigned QRL ID 

number to correspond with the RUST ID number, as listed on the attached pages.  

II. Analytical Results/Methodology 

The analytical results for this report are presented by laboratory sample ID. Each set of data 

includes sample identification information analytical results and the appropriate associated 

statistical errors.  

The requested analyses were: Gamma by HPGE 
Gamma Scan by Quanterra Method RICHRC5013 and 

RICHRC5017 

II. Quality Control 

The analytical results for each analysis performed under SDG 12958 include a minimum of 

one Laboratory Control Sample (LCS), one method blank and one duplicate. Any exceptions 

have been noted in the "Comments" section.



tilluanterra 

West Valley Nuclear Services 
September 20, 1999.  
Page 2 

IV. Comments 

Gamma by I-PGE 

Gamma Scan by Quanterra Method RICHRC5013 and RICHRC5017 

The sample batch was analyzed with it's own quality control samples and processed for gamma 
analysis by Quanterra. All samples were analyzed using approximately 350 g of sample.  
Uranium-239 results are reported as U-238DHP. The LCS, batch blank, sample and sample 
duplicate results are within contractual requirements. As part of Quanterra effort to help clients 
understand gamma analysis a technical guidance document is included in this report..  

I certify that this Certificateof Analysis is in compliance with the SOW, both technicallyand 
for completeness, for other than the conditions detailed above. The Laboratory Manager or a 
designee, as verified by the following signature has authorized release of the data contained in 
this hard copy data package.  

Reviewed and approved: 

Proe Maaricella 
Project Manager



Technical Guidance Document 
Quanterra Northwest/Central Region 

Recommendations for Matrix Spike and Matrix Spike Duplicate Analyses - Gamma 
Spectroscopy 

Customers should be made aware of the limitations of ordering MS/MSDs on some matrices.  

Also customers should be advised that with some preparation and analysis methods it may not be 

technically correct to request a matrix spike. In applications and methods where the homogeneity 

of the spiked sample creates potential calibration differences with the standard, it is not 

technically advisable to spike the matrix and an alternative approach should be pursued to 

demonstrate precision and accuracy.  

Discussion 

Soil analyses by gamma spectroscopy is a situation where it is not advisable to spike the matrix 

for the analysis. Soil by nature of its variable and complex chemical constituency, offers the 

greatest challenge when MSIMSDs are requested. The primary challenge is the laboratory's 

ability to produce homogeneous spiked soil material since a liquid spike cannot be uniformly 

distributed in the soil matrix. This is inherent to the granular matrix and the absorption properties 

of liquid on/in porous materials. Best attempts at producing matrix spikes and matrix`ýipike 

duplicates have proven to be less than adequate due to homogeneity and absorption issues.  

With a destructive prepar'atory method, used for analysis such as strontium, the homcLeheity 

issue may not present much of a complication. Destructive methods typically totally dissolve, 

leach, digest, or chemically breakdown the constituents and remove the isotope of interest from 

both the sample and the spike that was added. However, with nondestructive preparation 

methods or a method where an entire aliquot may not be used, homogeneity of the matrix spike is 

essential. Spatial and geometrical differences between the soil sample, the matrix spike, and the 

sources used to calibrate the detectors have significant impact on the percent recoveries and the 

relative percent differences between recoveries.  

Gamma spectroscopy of soil is one such analysis where the spiked material in the soil must 

match or approximate the distribution of the spiked material in the standard. Additionally, the 

constituents of the soil can impact or mask one's ability to detect or quantify an added spike.  

Activity levels, as well as the energies of the isotopes in a soil, influence the spectral features 

such as Compton continuum and summation effects. These geometric effects can limit a 

laboratory's ability to detect an added spike. In addition the activity level of other isotopes and the 

geometry can create interfering lines which can affect the spike recovery.  

This document has been prepared by and remains the sole property of Quanterra Incorporated. Quanterra 

Incorporated makes no representation or warranty that these recommendations will suit the particular 

informational, technical or regulatory needs of any individual client, or project, or situation.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99002-RO 

Authored By: Brian Crandall 
Reviewed By: Matt Lardy and Jackie Waddelil' 1 ( 4 

Date Reviewed: 08/19/99



Technical Guidance Document 
Quanterra Northwest/Central Region 

Recommendations 

Matrix spikes (MS) and matrix spike duplicates (MSD) may not be valid or required for all 
matrices and methods. Quanterra Richland has attempted matrix spike and matrix spike 
duplicates for soil samples analyzed by gamma spectroscopy even though this may not be 
technically advisable for this matrix and analysis method. It is our belief that an incorrect 
perception of precision and accuracy may be developed due to the limitations and interferences 
that are associated with the matrix. It is the recommendation of Quanterra to use the gamma 
lines of naturally occurring radionuclides, such as 4K, 214Pb (after equilibrium with 22rRa is 
achieved), 232Th(in equilibrium with 228Ra and 228Ac), or 238 U (in equilibrium with 23h'h) to measure 
precision and/or accuracy (indicators of quality control) on replicate samples for gamma 
spectroscopy. This will more accurately portray the quality of the laboratory and method rather 
than gauge Quanterra's ability to create a homogeneously spiked soil material.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99002-RO 

Page 2 of 2



Technical Guidance Document 
Quanterra Northwest/ Central Region 

Recommendations for Reporting Naturally Occurring Radionuclides (Often called naturally 

occurring radioactive materials, NORM): 

Discussion 

Many long-lived naturally occurring radionuclides do not emit gammas with energies in the most 
efficient range of germanium detectors. In addition, gammas that are emitted often have 
abundances that are so low that their measurement is precluded on a practical basis. Examples 
of these radionuclides are Ra-226, Ra-228, Th-228, Th-230, and Th-232, U-234, U-235 and U

238. These radionuclides exist in what are called decay chains. For example, U-238, U-234, Th
230 and Ra-226 are in a decay chain with U-238 as the precursor. These radionuclides decay to 

progeny with energetic gammas, but many progeny have a very short half-life (seconds, minutes 

and hours). These progeny then are used to estimate the concentrations of their parent(s).  
Quanterra Richland's nuclide library for Gamma Spectroscopy includes many of the predominant 
natural natu~rally occurring radionuclides and their progeny.  

The issue is further complicated by the fact that a radon radionuclide is also part of the decay 
progeny. Radon usually precedes the short-lived progeny so that in the sample tr atment 
because of its nature the radon is usually removed. The radon and its progeny will 'grow sack in 
(ingrowth) from decay of the parent, but it takes a minimum of 10 days to accomplish this. This 
works well for soil samples, to a lesser extent for other solid samples and not at all forwater 
samples. An example of this is Ra-226 and its progeny Rn-222, Po-218, Pb-214 and Bi-214.  

In other cases the progeny is not preceded by radon, but care must be taken that equilibrium 
between progeny and parent has been established before counting. Two examples of this are 
Ra-228 and its progeny Ac-228 and Th-232 and its progeny Ra-228.  

Listed in the tables below are examples of long-lived naturally occurring radionuclides with their 
short-lived progeny. The short-lived radionuclides are used to determine the concentrations of 
their long-lived precursor.  

This document has been prepared by and remains the sole property of Quanterra Incorporated. Quanterra 
Infcorporated makes no representation or warranty that these recommendations will suit the particular 
informational, technical or regulatory needs of any individual client, or project, or situation.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99001-RO 
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Technical Guidance Document 
Quanterra Northwest/Central Region 

A. Thorium-234 and Uranium-238 

U-238 'DA represents the U-238 concentration and is reported using the lines from Pb
214 and Bi-214 as shown in the table below.  

U-238 DHP represents the U-238 concentration and is reported using Th-234 with its key 
line at 63.28 keV and the 92.59 keV line as the secondary line. See the table below.  

Th-234 may be reported as TH-2340A. TH-234DA is determined from the 1001 and 766 

keV lines of its progeny, Pa-234m. See the table below.  

Isotope to be Identified Isotope of Gamma Line Energy of Gamma Lines (keV) 

used for Identification 

Th-234DA Pa-234m 766.41 
Pa-234m 1001.03* 

U-238DHP Th-234 63.28"
Th-234 92.5g* 

U-238DA Pb-214 241.98 
Pb-214 295.21 
Pb-214 351.92" 
Bi-214 609.31 

* keyline 
"The activity and abundances 

of the two peaks at 92.3 and 

92.8 keV are summed.  

Quanterra Richland's preparation methods are designed to ensure that the progeny are 

in near equilibrium with their respective parent nuclides For calculation purposes the 

half-life of U-238 is used for reporting Th-234DA. Likewise, the half-lives of Th-234, Pa

234m, Pb-214 and Bi-214 are 24.1 days, 1.17 minutes, 27 minutes and 19.9 minutes.  

respectively. It is not reasonable to use the individual half-lives for decay correction since 

their production is limited by the decay of the long lived precursor parent. In these cases 

the half-life of the parent is used for calculation purposes.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99001-RO 
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Technical Guidance Document 
Quanterra Northwest/Central Region 

B. Actinium-228, Radium-228 and Thorium-232 

Ac-228, Ra-228 and Th-232 may be reported using the energy lines from the isotope 
itself or from progeny and associated energy lines as shown in the table below.  

Isotope to be Isotope of Gamma Line used Energy of Gamma Lines (keV) 
Identified for Identification 
Ac-228 Ac-228 209.28 

Ac-228 270.23 
Ac-228 338.32 
Ac-228 911.07* 
Ac-228 969.11 

Ra-228DA Ac-228 209.28 
Ac-228 338.32 
Ac-228 911.07* 
Ac-228 964.6 
Ac-228 969.11 

Th-232DA Pb-212 238.63 
Ac-228 338.32" 
Ac-228 583.14 
Ac-228 911.07 
Ac-228 964.60 
Ac-228 969.11 

_ keyline 

Note that there is very little flexibility for distinguishing between these three analytes.  
Quanterra Richland's preparation methods are designed to ensure near equilibrium exists 
and for calculation purposes the progeny are assumed to be in equilibrium with their 
parent. For calculation purposes Ac-228 is given a half-life of Th-232 when reported 
individually since the half-life of Ac-228 is 6.15 hours.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99001-RO 
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Technical Guidance Document 
Quanterra Northwest/Central Region 

C. Bismuth-214, Lead-214 and Radium-226 

Bi-214, Pb-214 and Ra-226 may be reported using the energy lines from the isotope itself 
or from progeny and associated energy lines as shown in the table below: 

Isotope to be Isotope of Gamma Line used Energy of Gamma Lines (keV) 
Identified for Identification 

Bi-214 Bi-214 609.32" 
Bi-214 768.36 
Bi-214 1120.29 
Bi-214 1764.49 

Pb-214 Pb-214 241.98 
Pb-214 295.21 
Pb-214 351.92' 
Pb-214 785.91 

Ra-226DA Ra-226 186.21 
Pb-214 214.98 
Pb-214 295.22 
Pb-214 351.92 
Bi-214 609.32* 
Bi-214 1120.28 
Bi-214 1238.11 
Bi-214 1764.49 

Skeyline 

Quanterra Richland's preparation methods are designed to ensure that near equilibrium 
exists between parent and progeny. A period of - 10 days or more should elapse 

between sample preparation (drying and grinding) and counting as to allow a sufficient 

period for the ingrowth of Ra-226 progeny. For calculation purposes equilibrium with Ra-.

226 and its progeny Bi-214 and Pb-214 is assumed. The half-life of Ra-226 is used when 

the Ra-226 result is calculated. When Bi-214 and Pb-214 are reported separately the 
half-life of U-238 is used.  

Area of Interest: Gamma Spectroscopy 
Document No.: 99001-RO 
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Technical Guidance Document 
Quanterra Northwest/Central Region 

D. Thallium-208, Lead-212, Radium-224 and Thorium-228 

TI-208, Pb-212, Ra-224 and Th-228 may be reported using the energy lines from the 

isotope itself or from progeny and associated energy lines as shown in the table below.  

Isotope to be Isotope of Gamma Line used Energy of Gamma Lines (keV) 

Identified for Identification 
TI-208 TI-208 277.35 

TI-208 510.84 
Ac-228 583.14* 
TI-208 860.37 

Pb-212 Pb-212 238.63* 
Pb-212 300.09 

Ra6224 Pb-212 238.63* 
Ra-2241 240.98 
Ac-228 583.14 
TI-208 860.37 

Th-228DA Pb-212 238.63 
Ra-224 240.98 
Ac-228 583.14* 
TI-208 860.37 

"keyline 

Note that there is very little flexibility for distinguishing between these four analytes. Care 

must be taken to assure that equilibrium is reached between the parent and its progeny.  

Quanterra Richland's preparation methods are designed to ensure near equilibrium exists 

and for calculation purposes the progeny are assumed to be in equilibrium with their 

parent. For calculation purposes the half-life of Th-232 is used for TI-208 and Pb-212: 
when they are reported individually since their half-lives are 3.053 minutes and 10.64 

hours respectively. When reported separately the half-life of Th-228 is used when Ra
224 is reported separately.  

Area of Interest: Gamma Spectroscopy 
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Technical Guidance Document 
Quanterra Northwest/ Central Region 

Recommendations for Soil Samples: 
The following recommendations are made for the naturally occurring radionuclides 
Quanterra Richland will report for soil samples provided the customer has not given other 
guidance.  

K-40 
Ra-2260A 
Th-232DA 
U-2380HP 

Reporting progeny such as T1-208, Pb-212, Bi-214 and Pb-214 is not recommended.  
Three reasons can be given: (a) the gamma lines used to calculate the results are used 
to produce the concentration of one or more isotopes of the same chain, (b) the progeny 
are too far down the decay chain to assure that equilibrium exists, and (c) use of the 
gamma lines from these isotopes can result in false positive or false negative detection of 
the long-lived precursor. The activities of these radionuclides can be reported at the 
customer's request, however, the assumption must be made that equilibrium oexists 
because time has been provided for ingrowth, and therefore the progeny concentrRoan is 
given by the result for the parent. The half-life of the appropriate long-lived parent is 
used for decay correction when the activities of these radionuclides are reported.  
individually. ...  

Recommendations for Water Samples: 
The following recommendations are made for the naturally occurring radionuclides 
Quanterra Richland will report for water samples provided the customer has not given 
other guidance.  

K-40 
Th-232DA 
U-238DHP 

The parameters for reporting are the same as for soil with one exception: Reporting Ra
226 from its progeny is not reliable, since ingrowth and subsequent equilibrium cannot be 
established. Therefore the 186 keV line of Ra-226 must be utilized. However, U-235 has 
a primary gamma line at 186.57 keV with a 54% abundance, and if present it would 
interfere with the 186 keV line of Ra-226 (which is at 3.2% abundance). This interference 
generally creates a high false positive for Ra-226 results.  

References: 

Browne, E., R.B. Firestone and V.S. Shirley (Editors) 
Table of Radioactive Isotopes 
John Wiley and Sons, Inc., New York (1986) 

Chieco, N.A, (Editor) 
EML Procedures Manual, HASL 300, The Procedures Manual of the Environmental 
Measurements Laboratory.  
Environmental Measurements Laboratory, Department of Energy, USA, 281h Edition, 
(1992) 
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Sample Results Summary 

Quanterra, Richland

Date: 9/24/99

SDG NBR: 12966

WORK ORDER 

CLIENT ID NUMBER PARAMETER RESULT UNITS YIELD MDA 

BLANK QC D291V101 U-235HP 7.38E-02 +- 4.83E-02 1s PoCi/a 1 79E-01

BLANK QC 

BLANK QC 

BLANK QC 

BLANK QC 

BLANK QC

LCS

RW-41-SB-46-0.5 

RW-41-SB-46-0.5 

RW-41-SB-46-0.5 

RW-41-SB-46-0.5e 

RW-41-SB-46-0.5e 

RW-41-SB-46-0.5e 

RW-41-SB-46-0.5e DU 

RW-41-SB-46-0.5e DU 

RW-41-SB-46-0.5e-DU 

RW-41-SB-46-1.0 

RW-41-SB-46-1.0 

RW-41-SB-46-1.0 

RW-41-SB-46-2.0 

RW-41-SB-46-2.0 

RW-41-SB-46-2.0 

RW-41 -SB-46-3.0 

RW-41-SB-46-3.0 

RW-41-SB-46-3.0 

Comments:

U-238 

U-238DHP

D291V103

D291V102 

DIXM6102 

DlXML102 

DlXML103 

DlXME102 

DIXMC102 

DIXMH102

U-235HP 

U-238 

U-238DHP 

CS-137 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP

9.03E-02 +- 2.69E-02 

-9.02E-02 +- 2.18E-01 

2.23E-01 +- 2.38E-01 

-4.07E-02 +- 1.26E-01 

9.60E-02 +- 1.23E+00

(is) 

(is) 

(is) 

(is) 

(is)

3.77E-01 +- 5.51E-02 (Is)

2.39E+00 +- 3.12E-01 

3.16E-01 +- 6.67E-02 

1.24E+02 +- 6.87E+00

4.50E-02 

6.79E-02 

-3.02E-01 

2.21 E-02 

1.35E-01 

2.44E-02 

2.13E+01 

4.58E-01 

1.17E+03 

1.03E+00 

2.91E-01 

6.87E+01 

2.15E-01 

1.51E-01 

1.54E+01

+- 4.76E-02 

+- 2.62E-02 

+- 2.20E-01 

+- 4.15E-02 

+- 2.17E-02 

+- 1.49E-01 

+- 1.28E+00 

+- 9.13E-02 

+- 5.96E+01

(Is) 

(Is) 

(is) 

(is) 

(is) 

(is) 

(is) 

(is) 

(is) 

(is) 

(is) 

(Is)

+- 1.95E-01 (Is) 

+- 4.89E-02 (is) 

+- 3.70E+00 (is) 

+- 1.37E-01 (is) 

+- 3.94E-02 (is) 

+- 1.23E+00 (is)

REPORT No.: 8761

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pci/g 

pCi/g 

pCi/g

5.76E-02 

7.52E-01 

9.03E-01 

4.48E-01 

4.27E+00 

9.23E-02 

4.43E-01 

1.14E-01 

3.51 E+00 

1.74E-01 

8.73E-02 

7.31E-01 

1.51E-01 

8.43E-02 

5.33E-01 

1.33E+00 

3.08E-01 

1.49E+01 

3.35E-01 

7.39E-02 

2.01E+00 

2.16E-01 

6.54E-02 

1.52E+00

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g 

pCi/g

pCi/g 

Pcilg 

pCilg 

pCi/ie 

pCi/g 

pCi/g



Sample Results Summary 

Quanterra, Richland

REPORT No.: 8761

Date: 9/24/99

SDG NBR: 12958

CLIENT ID 

RW-41-SB-51-0.5a 

RW-41-SB-51-0.5a 

RW-41-SB-51-0.5a 

RW-41-SB-51-2.0 

RW-41-SB-51-2.0 

RW-41-SB-51-2.0

Number of Results: 13 _

WORK ORDER 
NUMBER 

DlXMG102 

DlXM8102

�1

*1*, P.

Comments:

RESULTPARAMETER 

U-235HP 

U-238 

U-238DHP 

U-235HP 

U-238 

U-238DHP

1.21 E+00 

1.63E-01 

8.94E+01 

6.51E-01 

2.03E-01 

3.79E+01

YIELD

1.88E-01 

3.79E-02 

4.72E+00 

1.28E-01 

4.95E-02 

2.83E+00

(is) 

(is) 

(is) 

(is) 

(Is) 

(is)

UNITS 

pCi/g 

pCi/g 

pCi/g 
Jpei/g 

pCi/g 

pCi/g

MDA 

4.01E-01 

1.41E-01 

2.28E+00 

2.86E-01 

8.01E-02 

2.88E+00



FORM I 

SAMPLE RESULTS

Date: 9/24/99

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/26/99 10:30:00 AM

LOT,RPT DB ID: J9H310161-1 9D1XM610 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41-SB-46-0.5 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 
ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER

U-235HP 2.39E+00 

U-238 3.16E-01 

U-238DHP 1.24E+02 

Number of Results: [3 j

U | AIVIU | I 

6.2E-01 

1.3E-01 

1.4E+01

6.2E-01 

1.3E-01 

1.4E+01

4.43E-01 pCi/g 

1.14E-01 pCi/g 

3.51E+00 pCi/g

(5.4) 

(2.8) 

(35.4)

(7.6) 

(4.7) 

(18.1)

9/13/99 06:33 p 

9/13/99 06:33 p 

9/13/99 06:33 p

Comments:

CLIENT ID: MATRIX: SOIL

316.9 

316.9 

316.9

g 

g 

g

GER6$1 

GER6$1 

GER6$1

RICHRC5017 

RICHRC5017 

RICHRC5017

L.w

5•;/:
I



FORM I 
Date: 9/24/99 

SAMPLE RESULTS 

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/25/99 2:25:00 PM 
LOT,RPT DB ID: J9H310161-2 9D1XM810 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM 
CLIENT ID: RW-41-SB-51-2.0 ORDER NBR: MATRIX: SOIL 

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 
ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9252340 Work Order: D1XM8102 
U-235HP 6.51E-01 2.6E-01 2.6E-01 2.86E-01 pCi/g (2.3) (5.1) 9/13/99 06:41 p 347.4 g GER4$1 RICHRC5017 U-238 2.03E-01 9.9E-02 9.9E-02 8.01E-02 pCi/g (2.5) (4.1) 9/13/99 06:41 p 347.4 g GER4$1 RICHRC5017 U-238DHP 3.79E+01 5.7E+00 5.7E+00 2.88E+00 pCi/g (13.2) (13.4) 9/13/99 06:41 p 347.4 g GER4$1 RICHRC5017 

Number of Results: 13 1

Comments:



Date: 9/24/99

SAMPLE RESULTS

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/26/99 10:40:00 AM

LOT,RPT DB ID: J9H310161-3 9D1XMC10 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41 -SB-46-2.0 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9252340 Work Order: D1XMC102

U-235HP 1.03E+00 

U-238 2.91E-01 

U-238DHP 6.87E+01 

Number of Results: [3 ]

3.9E-01 

9.8E-02 

7.4E+00

3.9E-01 

9.8E-02 

7.4E+00

3.35E-01 pCi/g 

7.39E-02 pCilg 

2.01E+00 pCi/g

(3.1) 

(3.9) 

(34.2)

(5.3) 

(6.) 

(18.6)

9/13/99 04:41 p 

9/13/99 04:41 p 

9/13/99 04:41 p

Comments:

FORM I

CLIENT ID: MATRIX: SOIL

354.8 

354.8 

354.8

g 

g 

g

GER8$1 

GER8$1 

GER8$1

RICHRC5017 

RICHRC5017 

RICHRC5017



LAB NAME: 

LOT,RPT DB ID: 

CLIENT ID:

QUANTERRA, Richland 

J9H310161-4 9D1XME10 

RW-41-SB-46-1.0

FORM I 

SAMPLE RESULTS 

SDG: 12958 

REPORT NBR: 8761 

ORDER NBR:

Date: 9/24/99

COLLECTION DATE: 8/26/99 10:35:00 AM 

RECEIVED DATE: 8/31/99 10:30:00 AM

MATRIX:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID) NUMBER 
Batch: 9252340 Work Order: DlXME102

U-235HP 

U-238 

U-238DHP 

Number of Results:

2.13E+01 

4.58E-01 

1.17E+03 

13 ]

2.6E+00 2.6E+00 1.33E 

1.8E-01 1.8E-01 3.08E 

1.2E+02 1.2E+02 1.49E-

+00 pCilg 

-01 pCIlg 

+01 pCi/g

(16.) 

(1.5) 

(78.8)

(16.7) 

(5.) 

(19.7)

9113/99 04:54 p 

9/13/99 04:54 p 

9/13/99 04:54 p

Comments:

381.2 

381.2 

381.2

g 

g 

g

GER4$1 

GER4$1 

GER4$1

RICHRC5017 

RICHRC5017 

RICHRC5017

SOIL



FORM I 

SAMPLE RESULTS

Date: 9/24/99

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/25/99 2:15:00 PM

LOT,RPT DB ID: J9H310161-5 9D1XMG10 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41 -SB-51-0.5a ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER 

Batch: 9252340 Work Order: DIXMG102 i

U-235HP 1.21E+00 

U-238 1.63E-01 

U-238DHP 8.94E+01 

Number of Results: I1

3.8E-01 

7.6E-02 

9.4E+00

3.8E-01 

7.6E-02 

9.4E+00

4.01E-01 pCi/g 

1.41E-01 pCilg 

2.28E+00 pCi/g

(3.) 

(1.2) 

(39.1)

(6.4) 

(4.3) 

(18.9)

9/13/99 04:55 p 

9/13/99 04:55 p 

9/13/99 04:55 p

Comments:

CLIENT ID: MATRIX: SOIL

342.3 

342.3 

342.3

g 

9 

9

GER5$1 

GER5$1 

GER5$1

RICHRC5017 

RICHRC5017 

RICHRC5017



FORM I 

SAMPLE RESULTS

Date: 9/24/99

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/26/99 10:45:00 AM

LOT,RPT DB ID: J9H310161-6 9D1XMH10 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41-SB-46-3.0 ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER

Batch: 9252340 Work Order: 

U-235HP 2.15E-01 

U-238 1.51E-01 

U-238DHP 1.54E+01 

Number of Results: [3 1

DIXMH102 

2.7E-01 

7.9E-02 

2.5E+00

2.7E-01 

7.9E-02 

2.5E+00

2.16E-01 pCi/g 

6.54E-02 pCi/g 

1.52E+00 pCi/g

0.99 

(2.3) 

(10.1)

(1.6) 

(3.8) 

(12.6)

9/13/99 04:56 p 

9/13/99 04:56 p 

9/13/99 04:56 p

Comments:

CLIENT ID: MATRIX: SOIL

356.0 

356.0 

356.0

g 

g 

g

GER7$1 

GER7$1 

GER7$1

RICHRC5017 

RICHRC5017 

RICHRC5017



FORM I 

SAMPLE RESULTS

Date: 9/24/99

LAB NAME: QUANTERRA, Richland SDG: 12958 COLLECTION DATE: 8/26/99 10:45:00 AM

LOT,RPT DB ID: J9H310161-7 9D1XML10 REPORT NBR: 8761 RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41 -SB-46-0.5e ORDER NBR:

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER

Batch: 9252340 Work Order: 

U-235HP 4.50E-02 

U-238 6.79E-02 

U-238DHP -3.02E-01 

Number of Results: 3 -1

DlXML102 

9.5E-02 

5.2E-02 

4.4E-01

9.5E-02 

5.2E-02 

4.4E-01

1.74E-01 pCilg 

8.73E-02 pCi/g 

7.31E-01 pCi/g

0.26 

0.78 

-0.41

0.95 

(2.6) 

-(1.4)

9/13/99 04:48 p 

9/13/99 04:48 p 

9/13/99 04:48 p

Comments:

CLIENT.ID: MATRIX: SOIL

344.1 

344.1 

344.1

g 

g 

g

GER6$1 

GER6$1 

GER6$1

RICHRC5017 

RICHRC5017 

RICHRC5017



LAB NAME: ý QUANTERRA, Richland 

RPT DB IDIORIG ID: D1XML13R I 9D1XML10

FORM II 

DUPLICATE RESULTS 

SDG: 12958 

REPORT NBR: 8761

Date: 9/24/99

COLLECTION DATE: 8/26/99 10:45:00 AM 

RECEIVED DATE: 8/31/99 10:30:00 AM

RW-41-SB-46-0.5e DUP ORDER NBR:

COUNTING TOTAL REPORT ORIG ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR ( 2 s) MDA UNIT YIELD RESULT RPD DATE SIZE UNIT ID NUMBER 

Batch: 9252340 Work Order: DIXML103

U-235HP 2.21E-02 

U-238 1.35E-01 

U-238DHP 2.44E-02 

Number of Results: 13 I

8.3E-02 8.3E-02 1.51 E 

4.3E-02 4.3E-02 8.43E 

3.OE-01 3.OE-01 5.33E

-01 

"-02 

-01

pCi/g 

pCi/g 

pCi/g

4.50E-02 

6.79E-02 

-3.02E-01

68.13% 

66.40% 

235.16%

9/13/99 06:32 p 

9/13/99 06:32 p 

9/13/99 06:32 p

Comments:

CLIENT ID: MATRIX: SOIL

338.8 

338.8 

338.8

g 

g 

g

GER8$1 

GER8$1 

GER8$1

RICHRC5017 

RICHRC5017 

RICHRC5017



LAB NAME: 

LOT,RPT DB ID:

QUANTERRA, Richland 

J91090000-340 D291V1lX

FORM II 

BLANK RESULTS 

SDG: 12966 

REPORT NBR: 8761

Date: 9/24/99

ORDER NBR: 

MATRIX: Solid

COUNTING TOTAL REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR ( 2s) MDA UNIT YIELD RST/MDA RST/CNTERR -DATE SIZE UNIT ID NUMBER

Batch: 9252340 

U-235HP 

U-238 

U-238DHP 

Number of Results:

VJork Order: 

7.38E-02 

9.03E-02 

-9.02E-02 

113 -.- -

D291V101 

9.7E-02 9.7E-02 1.79E 

5.4E-02 5.4E-02 5.76E 

4.4E-01 4.4E-01 7.52E

-01 pCi/g 

-02 pCi/g 

-01 pCi/g

0.41 

(1.6) 

-0.12

(1.5) 

(3.4j 

-0.41

9/13/99 08:22 p 

9/13/99 08:22 p 

9/13/99 08:22 p

Comments:,

348.0 

348.0 

348.0

9 

9 

9

GER6$1 

GER6$1 

GER6$1

RICHRC5017 

RICHRC5017 

RICHRC5017



LAB NAME: QUANTERRA, Richland 

LOT,RPT DB ID: J91090000-340 D291V13B 

COUNTING TOTAL 
ISOTOPE RESULT ERROR (2 s) ERROR ( 2s) MDA 

Batch: 9252340 Work Order: D291V103 

U-235HP 2.23E-01 4.8E-01 4.8E-01 9.03E 

U-238 -4.07E-02 2.5E-01 2.5E-01 4.48E 

U-238DHP 9.60E-02 2.5E+00 2.5E+00 4.27E 

Number of Results: 13 ___I

FORM II 

BLANK RESULTS 

SDG: 12966 

REPORT NBR: 8761

Date: 9/24/99

ORDER NBR: 

MATRIX: Solid

REPORT ANALYSIS ALIQUOT ALQ DETECTOR METHOD 
UNIT YIELD RST/MDA RST/CNTERR DATE SIZE UNIT ID NUMBER

-01 pCi/g 

"-01 pCi/g 

+00 pCi/g

0.25 

-0.09 

0.02

0.94 

-0.32i 

0.08

9/13/99 08:32 p 25.0 g 

9/13/99 08:32 p 25.0 g 

9/13/99 08:32 p 25.0 g

GER7$1 

GER7$1 

GER7$1

RICHRC5017 

RICHRC5017 

RICHRC5017

Comments:



FORM II 

LABORATORY CONTROL SAMPLE

Date: 9/24/99

LAB NAME: 

LOT,RPT DB ID:

QUANTERRA, Richland 

J91090000-340 D291V12M

SDG: 12966 

REPORT NBR: 8761

ORDER NBR:

MATRIX:

COUNTING TOTAL REPORT Expected ANALYSIS ALIQUOT ALQ DETECTOR METHOD 

ISOTOPE RESULT ERROR (2 s) ERROR (2 s) MDA UNIT YIELD Expected Uncert Recovery - DATE SIZE UNIT ID NUMBER

Batch: 9252340 Work Order: D291V102 

CS-137 3.77E-01 1.1E-01 1.1E-01 9.23E 

Number of Results: 1]

"-02 pCi/g 3.11E-01 1.4E-02 121.39% 9/13/99 08:31 p 200.01 GRA GER4$1 

i

Comments:

Solid

RICHRC5017
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RADIOACTIVE 

Limited Quantity Radioactive Material

From: _L•Lc ,4 ,,. -
/ZLf $

To: '-y' -

Radiation surveys: 

P, � �2 mR/hr on contact with shipping container 

Loose surface contmnnation:

•. 19._ dpn/300 cm2 on surface of shipping container 

Description of Contents: 
1

Prepared by: 

Approved by:

Date

Date 

Project Manager

RADIOACTIVE



Client Sample Screening Results
07-Sep-99 

CLIENT C()lE Ii) MATRIX RECEIVED 

REI RW4IB1POI I XQ5 9/3/99 8:00:00 AM 

I)IXQ5 SOIl.  

Aol Date: 9/7/99 Tot Sa, AIq: 1.581-'403 

Pn| nmo! I• 90 1 I In~i~. ,

QUAIl21A 

Ilkg: 

1.201-10)2

ACQ DATE SAMPLE

9/7/99 10:28:29 AM 

9/4/99 5:30:34 AM

RW41I IOl 1)1 XQ5 

BKG

Alp; (Dpm/ 3.251E1)1 (uCi/ 1.921"-01

MINIUTES CNTS A NET CPM A CNTS B NET CPNM B

30 

800

138 

75

4.50625 

0.09375

(pCi/ 1.221--(12 + 1.01-101 

I I.~ 1 01"..V Al I~fi

811 

781 

CAT 
III ,.-

26.0570833 

0.97625 

4.113-01 Lab 
Ar, ,' Ahl1

j

Quanterra Environment Services, SCP V2.03

"V ..... e I .... i I . . a's .. 191 .U |,0.T 1 O,[;1UIP 4.0 'UI - "Jl 

RE I RW41SISI610AI)IXPX 9/3/99 8:00:00AM QtJAI)22C 9/7/99 10:28:33 AM W41SIII610AI)IXIIX 30 45 1.37875 189 5.295 

DI XPX SOIL llkg: 9/4/99 5:30:39 AM BKG 800 97 0.12125 804 1.005 

AMl Dale: 9/7/99 Tot Sa, AIq: 1.581;+03 , 9.061-01 Alp; ()pme/ 8.561F+00 (u(i1 6.721:-(Q (pCil 4.26F+01 + 7.7E-100 CAT 1.2F1t00 Lab 
II Alq 

Ppf mg: 90.6 U lnits: g m , ng Bet; AIq): 1.06E+01 Sa): 8.34F-02 I.1g): 5.281F-101 + 4.8+E100 1.9F+00 
Lig 

REI RW41SBIl6101)IXPW 9/3/99 8:00:00 AM QUAIl2211 9/7/99 10:28:33 AM W41SI116101)IXI'W 30 30 0.8775 179 4.68291667 

DIXPW SOIL Bkg: 9/4/99 5:30:39 AM DKG 800 98 0.1225 1027 1.28375 

Aol Date: 9/7/99 Tot Sa. AIh: 1.5813403 , 8.881..'( Alp; (I)lm/ 5.33F-100 (nCi/ 4.271'-02 (pCi/ 2.711B01 + 7.313+00 CAT 1.8Er100 Lab 

Ppt Ing: 88.8 / Units: g m, , mg Bel; Ahl): 9.59F310( Sa): 7.681"-02 IIg): 4.86r-401 + 4.81--00 ,f 2. 1 E+00 Ali 

l-Ig 
REI RW41S11i6201)IXQI 9/3/99 8:00:00 AM QIJAD221) 9/7/99 10:28:33 AM W41Sl I6201)IXQI 30 It 0.258333333 77 1.37666667 

I)IXQI SOIl. Ilkg: 9/4/99 5:3t0:39 AM IlKG 800 60 0.075 952 1.19 

AnI Date: 9/7/99 Tot Sa, Ahlt: 1.581-F03 , 1.071'- t02 Alp; (Dpnm/ 1.741-100 (u(,i/ 1.1 515-02 (p0i/ 7.281.'100 + 5.31F+400 CAT 6.91-400 I.ab 
II ,- Alh1 Ppt( ig: 107.4 / Units: g , m , ug Iel; ANl): 2.881F+00 Sa): 1.911;-02 I.Ig): 1.211-301 + 2.7E+00 8.31-+00 

jI-g 

RFI RW41SlII630111XQ4 9/3/99 8:00:00 AM QUAI)23A 9/7/99 10:28:30 AM W41Sll 16. 3101 XQ4 30 12 0.3075 49 0.66958333 
.lDIXQ4 SOIL 11kg: 9/4/99 5:30:51 AM 11KG 800 74 0.0925 771 0.96375 

Anl Date: 9/7/99 Tot Sa, Ali: 1.5813403 , 1.221H102 All); (Dpin/ 2.241F1(00 (u('i/ 1.301I:02 (p(*i/ 8.251-H(0 41 4.61E00 CAT 6.11-t(00 L.ab 

Ppt lug: 122.3 , hUits: g I, ng Bet; Alq): 1.251-;t00 Sa): 7.271L-03 lig): 4.61 1-1:00 + 1.91-.00 t 1 2.21;+01 Alq 
hIg 

RFI RW41SB146051)IXM6 9/3/99 8:00:00 AM QIJAI)2311 9/7/99 10:28:31) AM W41SI146051)IXM6 301 90 2.85125 660 21.0325 

DIXM6 SOIl. .1kg: 9/4/99 5:30:51 AM BWKG 800 119 (3.14875 774 0.9675 

Aol Date: 9/17/99 Tot Sa, AIh: 1.581:03 , I.241E14(2 Alp; (l)pm/ 2.021"1(01 (n('l 1.17F-01 (p0'il 7.3813 101 + 8.11; 1(0 CAT 6.81;-01 Lab 

Ppt mg: 123.5 Units: g " , mg Bet; Altj): 4.46E1+01 Sa): 2.5713-01 1.1g): 1.631-'02 + 6.8rE+00 i11 1 6.1 E-01 IAlt 

P tII : 10 1g1s

07-Sep-P99 I



(.lIENT ('OI)E I!) MA 

RIFI RW41 SI14605FiDI) 

DIXML S( 

Aol Date: 9/7/99 

Ppt log: 119.2 e

lTRIX RE;CEIVEI) I)ETIECTOR A(Q liA'I'E

(ML 9/3/99 8:00:00 AM QUAI)23(C 

{)IL. Ikg: 

Tot Sa, Alq: 1.581F.+03 , 1.19EF+02 

Imnits: g mg , lug

SAMIPILE MINUJTES (CN'T'S A NET (PM A CNTS It NET CPM II

9/7/99 101:28:30 AM W41SlI4605EDIXMI.  

9/4/99 5:30:51 AM 11KG

Alp; (I)1pm/ -6.151''-Ol 

IBet; Ahl): 1.051-I 00

30 

800

(uCI/ -3.671--03 

Sa): 6.291-03

2 -0.07833333 

116 0.145

47 0.44666667 

896 1.12

(i)Ci/ -2.32F1-00 + 4.6I-00( CAT 1.61-+03 l.ala 

l.1g): 3.98E*00 1 2.01'-400 1 2.51+-)01 l 
"Ilg

RFI RW41SIB46101)IXMI' 9/3199 8:00:00 AM QOJAI)24A 9/7/99 10:28:32 AM W41SB46i0D)IXMF! 30 828 27.45125 3414 112.86125 

DIXMI- SOIL Ilkg: 9/4/99 5:30:32 AM 11KG 800 119 0.14875 751 0.93875 

AnMlDate: 917/99 Tot Sa, Alq: 1.581Ft03 , 9.63[-I01 All); (I)lnt/ 1.86[.402 (uCi/ 1.381:100 (p'il 8.721-t02 +t 281F-01 (CAT 5.7LF-02 Lab 

Pptong: 96.3 Unilts: g , Ig Bet; Al41): 2.39Ef *02 Sa): 1.761i100 1I.g): 1.121i"*03 + 2.0101 1 - 9.01-02 Ahq 
IIg 

REI RW41SI146201)IXMC 9/3/99 8:00:00 AM QUAI)2411 9/7/99 10:28:32 AM W41SB46201)IXMC 30 149) 4.835416667 588 18.52625 

DIXMC SOil I1kg: 9/4/99 5:30:32 AM I1KG i 800 105 0.13125 859 1.07375 

And Date: 9/7/99 Tot Sa, Alq: 1.58ri.03 , 1.181--102 Alp; (I)l)nl/ 3.551'401 (asCI/ 2.141i-01 (pCil 1.3515--02 + 1.1Hit01 (CAT 3.7F.-01 Lab 
1Ahl I'pt1l1g: 118.3 Unils: g m, ng Idl; Alq): 3.931i301 Sa): 2.3616 ; I I.Ig): e1.SO1'.02 -16.81"t00 I 6.71. -01 IA g 

RlIl RW41SB146301)IXMI1 9/3/99 8:00:00 AM QtJAI)241) 9/7/99' 10:28:32 AM W41S14030I)IXMII 30 36 1.115 140 3.52291667 

DIIXMII SOIL Ilkg: 9/4/99 5:30:32 AM I1KG 800 68 0.085 915 1.14375 

Anl Dale: 9/7/99 Tol Sa, AIq: 1.581-403 , 8.35E+01 Alp; (I)pa/ 6.71E400 (t,('i/ 5.71F.-02 (p00/ 3.621-I01 + 7.9f-+00 CAT 1.413J00 Lab 

IPpt ing: 83.5 / lnits: g m, ng IBel; Alq): 7.11F+00 Sa): 6.061.-02 1.1g): 3.84E401 + 4.5 1100 11 2.61B00 AIq 

I.Jg 

RIt RW41SB14905CI)IXPF 9/3/998:00:00 AM QUAI)2211 9/7/99 11:14.34AM W41SII4905CD)IXIF' 30 12 1.2775 58 0.64958333 

DIXPF SOIl, Bkg: 9/4/99 5:30:39 AM I1KG 800 98 0.1225 1027 1.28375 

Ant Date: 9/7/99 Tot Sa, Alt1: 1.581.03 , 9.561'101 All); (I)lpa/ 1.801-100 (uCil/ 1.34F.-02 (Wi(i 8.47F+00 + 5.91E400 ClAT 5.9E.+00 ILab 
II AhIt 

Ipt ang: 95.6 /Units: g m rg let; A hl): 1.241 (100 Sa): 9.241i-03 I.1g): 5.851F'100 + 2.71i 10(10 I.7E -iOI 
I~g 

RF-I RW41Si149051)IXI'A 9/3/99 8:00:00 AM QLUA)22A 9/7/99 11:14:34 AM W4 IS114905DI XI)A 30 1799) 59.87910667 7139 236.851667 

DI XPA SOIL Bkg: 9/4/99 5:30:39 AM I1KG 800 70 0.0875 892 1.115 

Ail Date: 9/7/99 'rotSa, Alq: 1.581:103 , 8.558-JI( Alp; (Il)pm/ 3.611,-402 (,Ci/ 3.0114000 ()(Vl 1.901403 + 4.11401 (:AT 2.6F-02 Lab 

l'pt l g: 85.5 J( nils: g /" , mg Bet; AhN): 4.681 f.02 SO): 3.891"-100 .I1g): 2.461:4(03 - 3.0Fi01 4 II 11 4.1 F-02 AIlt 

RIiF RW41SB491I0)IXI'G 9/3/99 8:00:00 AM QI 1AI)22(' 9/7/99' 11:14:34 AM W41SIi49101)IXI'(i 310 239 7.845416667 940 30.3283333 

DI XI'G SOIl. Ilkg: 914/)19 5:30:39 AM IIKG 800 97 0.12125 804 1.005 

Aol Dale: 9/7/99 Tot Sa, Alit: 1.581F.03 , 9.651- 10 1 Alp; (il)mp/ 5.02F1401 (u('i/ 3.70)Fi-t01 (p(i/ 2.3414.:102 + 1.41i 01 ('AT 2.11 -01 I al 

Ilpt mng: 96.5 Un (hils: g , ilu li .; Altl): 6.101-.t01 Su): 4.491 .-*)1 1.1g): 2,851:102 + 1.01 -401 Ill 3.51:-0 l A l 
I, g

Quanterra Environment Services, SCP V2.0307-Sep-99 2



SAMPIL.E MINUTES CNTS A NETCI'M A CNTS B NETClPM I1

RItl RtW4 I S B49201 )1 XII I 

)IXI II SOIl.  

Atli Date: 9/7/99 Tt 

Pplnmg: 115.2

9/3/99 8:00:00 AM

Sa, Atli: 1.581-103 

Units: g

QUAI)22D1 

Ilkg: 

, 1.151:102 

ing

9/7/99 11:14:34 AM W41SI}49201DIX111I 

9/4199 5:30:39 AM IIK(

Alp; (l)lpm/ 1.371F 01 

Ilet; Atli): 1.381t:101

30 

800

(uCi/ 8.461;-02 

Sa): 8.5317-02

60 

(60

(pCi/ 5.36F-101 

IIg): 5.401:+01

1.925 

0.075

240 

952

6.81 

1.19

.+ 7.7TE+00 (CAT 9.3f1-.3 Lab 

+ 4.3E+00 II 17 Atli 
1.9E00 Ig

RIl'I RW4 1S1149301) X 

D)IXPJ S 

Ant Date: 9/7/99 

Pp1 Iag: 98

9/3/99 8:00:0(0 AM

Tot Sa, AIq: 1.58rE+03 

Units: g

QIJAI)23A 9/7199 11:14:39AM RW41S1I4930)IXI1 

Ikg: 9/4/99 5:30:51 AM 11KG 

9.8011+01 Alp; (l)pul/ 2.871-+1)0 (uCi/ 2.0 

, ug lit; Atli): 3.211"F#00 Sa): 2.3

380 

8(00

381--02 
33F.-02,

16 0.440 

74

(p'il 4.32E+01 

Ig): 1.4711*01

833333 77 

0.0925 771 

+ 5.5E100 CAT 

4 2.91-100(

RFIl RW41SI15003101)20XI 9/3/99 8:00:01) AM QUAI)2311 9/7/99 11:14:39 AM W41SI15003101)20XI 30 17657 588.4179167 111698 3722.29917 

D20X I SOIL. 11kg: 9/4/99 5:30:51 AM IIK(i 800 119 0.14875 774 0.9675 

Anl Dale: 9/7/99 Tot Sa. Atli: 3.471'-02 , 9.481F)01 Alp; (Ilpm/ 3.711l()03 (uCi/ 6.111:4)00 (p('i/ 1 760F-104 + 1.21'1102 CAT^ ,2.81--03 I.ab 

Plt ing: 94.8 Uints: g l aug Ilel; Al41): 7.8011*(3 Sa): 1.29-1101 Ijg): 3.71F1F'04 + .I.I •02 // 2.71F-03 Atli 

WIl ItW41S1S0032301)20X7 9/3/99 8:00:00 AM QLUAI)23(C 9/7/99 11:14:39 AM W41S1150032301)20X7 30 6426 214.055 28166 937.746667 

D20X7 SOIl. Ilkg: 9/4/99 5:30:51 AM IIKG; 800 116 0.145 896 1.12 

Aid Date: 9/7/99 Tot Sa, Alq: 6.6011102 , 8.901.4)I Atli; (I)pm/ 1.3411*O3 (u('i/ 4.471F100 (pCil 6.771'403 + 7.6E+01 CAT d 7.4AF-03 L.ab 

Ppll ng: 89 Units: g , mg Bet; Atli): 1.90E+03 Sa): 6.33111 00 Ig): 9.601-1-03 + 5.91+01 L•.O-02 Atli 
IIg 

REI RW41S1I500360D)20X4 9/3/99 8:00:00 AM QUAI)24A 9/7/99 11:14:35AM W41SB15003601D20X4 30 1629 54.15125 6688 221.994583 

ID20X4 SOIl. I1kg: 9/4199 5:30:32 AM IKG 800 119 0.14875 751 0.93875 

Ant Date: 9/7/99 Tot Sa, AIq: 1.58L-+03 , 1.041-+02 Alp; (Dpiii 3.8411*02 (uCi/ 2.61-100 (pC}/ 1.6610103 + 3.71-.+01 CATI 3.01:-02 Lab 

Ppll ng: 104.3 u1nils: g , Ig Bet; Atli): 4.73F1102 Sa): 3.221-100 I.g): 2.041-103 + 2.61101: 4.9F-02 Alt 
I . I'lg 

EItI RW41SIB5005D)IXI1K 9/3/99 8:00:00 AM QUAI)2411 9/7/99 11:14:35AM W41S1150051)IXPK 30 1349 44.83541667 4766 157.792917 

DIIXPK SOIl. Ilkg: 9/4/99 5:30:32 AM 13KG 80N 105 0.13125 859 1.07375 

Ant Dale: 9/7/99 Tot Sa, Alt: I.58F1303 , 1.231-+02 Ali; (l)pm/ 3.371:+02 (11(0/ 1.95F.100 (p('U/ I.2311 03 + 3.011+01 CAT 4.11.-02 LIab 

Ppt Ing: 122.9 Unilts: g , Ing Ile(; Atl): 3.341"102 S .a): 1.93F11 I0 1 .g): 1.221 t103 + 1.91101 I 8.21`1-02 AI 

REI RW41SB5OII)IXI'l. 9/3/99 8:00:00AM QUAD241) 9/7/99 11:14:35AM W41S115O0IOI)IXIl. 30, 65 2.081666667 229 6.48958333 

D)I XII. SOIL. ilkg: 9/4/99 5:30:32 AM IIKG 800 68 0.(85 915 1.14375 

Anl Date: 9/7/99 TotSa, AhF: 1.581"403 , 8.101).t01 Alp; (i)llttt/ 0.001'-100 (IaCi/ 0.00101(10 (pCi/ 0.01[ii00 .- INum! CAT I .6['+03 Lab 
I •- AIq 

P plt flg: 81 ULnits: g , 1ug Ble(; A hl 00: 0.t00F0000 S0): t)10111 (Ig): O.00(11 00 - UNmii! I I.61 Al03 
i-lg

Quanterra.Environment Services, SCP V2.03

CLIFINT COIE 11) MIATRIX RECEIVEID

1.60291667 

0.96375 

3.81"+00 Labt.  

6.81"1000 A hli 
Itg

IDETECT1OR( ACQ DATE

LW11 A

o8-s ,-?99 3



CLIENT CODE II) MATRIX RECEIVED 

RNiI RW41SII5020DIXIIN 9/3/99 8:00:00 AM 

DIXIIN SOIl.  

AMl Date: 9/7/99 'rot Si, AhF: 1.58E1403 

Pp( tug: 91.1 ' Units: ,- g

liETECI'OOR A( '0 DATE SAMPLE MINuTlES CNTS A NFTC1'M A CNTS I NETCPNI B

QIJAI)21A 9/7/199 11:48:52AM W41S115020DIXIIN 

Blkg: 9/4/99 5:30:34 AM BKG 

I 9.11 ,i401 Alp; (Dpm/ 1.30F+00 (tiCi/ 1.021'-02 

I mg " Bel; A1q): 2.54F100 Sm): 1.981*-02

30 

800

9 

75

(1(Vi/ 6.451-+00 

1.1g): 1.261Fi (11

0.20625 

0.09375

64 

781

1.15708333 

0.97625

+ 5.7f,+00 CAI' 7.7E-f00 Lab 

+ 3.1E"400 i1 1 " 8.0L;100 Ahl 
LIg

RE! l(W4ISB503ODIXPiP 9/3/99 8:00:00 AM QUAI)21 I 9/7/99 11:48:52 AM W4I1SB50301I X IT 30 12 0.31125 69 1.39 

DIXPP SOIl. llkg: 9/4/99 5:30:34 AM IIKG 800 71 0.08875 728 0.91 

Al Datc: 9/7199 TotSa, Aq: 1.58E+03 , 9.78l1.i(l Alp; (lDpm/ 2.0914F00 (uCi/ 1.52F-02 (pCI/ 9.611..00 + 5.51.((10 CAT 5.21.+00 Lab 
II AhI 

PpIt g: 97.8 ,' Units: /. g * , ag .. Bet; Ahl): 2.931:F 00 Sm): 2.13F.-02 .I1g): 1.35F.+01 + 2.9Hf00 7.4AF1 0 I0Ig 

Ri.IU RW41SI51ISAI)IXMt6 9/3/99 8:00:00 AM QIJAI)22A 9/7/99 11:48:55AM W41SI15105AI)IXM(i 30 128 4.179106667 703 22.3183333 

D)I XMG SOIL llkg: 9/4/99 5:30:39 AM I1KG 800 70 0.0875 892 1.115 

Aul Date: 9/7/99 'rot Sm, Alq: 1.581.+03 , 1.231102 All); (I)pm/ 2.901'1.01 (u(1l 1.68F.-O1 (p('i/ I.071.0702 4 9.4F.i00 CAT 4.7F.-0I I ab IAIq 

Ppt iag: 122.5 ," Units: g , Ing D Bet; AhN): 4.621-401 Sm): 2.68FI-01 I.Ig): 1.70F.Q02 + 6.91F 00 1 "1 5.911-01 AIq 

RF.I RW41SII5I05DIXI1R 9/3/99 8:00:00 AM QUAI)21C 9/7/99 11:48:52 AM W41S1151051)IXI1R 30 173 5.639166667 748 23,9083333 

I)IXPR SOIl. likg: 9/4/99 5:30:34 AM I1KG 800 102,ý 0.1275 820 1.025 

Anl Dale: 9/7/99 'rot Sa, Alq: 1.58.103 , 9.51 l 101 Alp; (I)pm/ 3.711F-101 (uCi/ 2.771-1l (pCi/ 1.761F1102 + 1.3l-101 ('AT 2.81H-01 l.ab 

Ppt Ing: 95.1 1 1Joils: g , mg Ilet; Ahl): 4.991B 01 Sa): 3.731--01 LjIg): 2.36F,02 + 9.3F.i00 .II ""'4. 2E-01 Ali 
/ " I.Ig 

REI RW41Sl115I0I)IXPT 9/3/99 8:00:00 AM QJAD2211 9/7/99 11:48:55 AM W411SB51 10DIIXIT 30 100 3.210833333 444 13.51625 

D) XPT9 SOIL 11kg: 9/4/99 5:30:39 AM 11KG 800 98 0.1225 1027 1.28375 

Ail Dale: 9/7/99 Tot So, Alq: 1.581-'03 , 1.11 F.'+02 All); (I)pm/ 0.OO8t0(1 (KCi/ 0.00OO..00 (pCi/ 0.001:+00 + UNum! CAT I.6E+03 L.ab 

Ppt tug: 110.7 /U n(mits: ,- g , Ig / Bet; ANl): 0.001:+00 Sa): 0.0I01(100 1.1g): 0.001F:.00 4 #Num! I -1.6rE+03 Alq 
I.Ig 

RItiE RW415115120DIXM8 9/3/99 8:00:00 AM QIJAI)22C 9/7/99 I11:48:55AM W41S1151201)IXM8 30 1012 3.27875 417 12.895 

I)IXM8 SOIL Ilkg: 9/4/99 5:30:39 AM IIKG 800 97 0. 12125 804 1.005 

Ail Date: 9/7/99 Tot Sa, Alq: l.58F.03 , I.20E+02 Alp; (Dpm/ 2.33EI01 (u('i/ 1.381E-01 (pCi/ 8.761-ft01 + 8.81--100 ('AT 5.7--01I Lab 

'pti tg: 119.7 / Units: z g , mg Z Bet; A h1 ): 2.59F+01 Sa): 1.54F.-01 I.g): 9.751...01 -4 5.41.t(00 111 "•I.0•00 Alq 

RI'I RW41SI15130DIXI'V 9/3/99 8:00:00AM QIJAI)2211 9/7/99 11:48:55 AM W4151151301)IXI'V 30' 82 2.658333333 368 11.0766667 

DIXI*V SOIL 11kg: 9/4/99 5:30:39 AM BKG 8(1(1 60 0.075 952 1.19 

Anl Dole: 9/7/99 'ot Sa, Alil: 1.581. 03 , 1.09; Ft02 Alp; (llpm/ 0.OO-100 (u( i( 001/ ftOO(1 (p(JiA W .(0II:.1.O(0 +- /Num! CAT 1.617403 Ioab 

Pp, Ing: 109 ,, Uoits: ., g I g l Bet; A hl): 0.001.*00 Sm): 0.001f$00 .I1g): 0.00Ft100 + flNunu! I 1.6 +03 A 
i.Ig
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